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The present invention relates to a control apparatus for a machine
tool and a machining system conpriB§ nggt hegs control apparatus and a
machi ne tool wherein, by suppl yi ng araw wor kpi ece and inputting data ¥
regarding a rrachl ning profile of a final product (hereinafter 10
referred to as nmachining profile data), the workpiece to be rrachl ned".
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profile data so that a final product can be fabricat ed. Backgr ound
Art I n the conventional nethod of machi ning a workpi ece 15,

a NC machWVRESMEHBT  the first step is to prepare a dr XET598/01074
representing the profile of a product to be machi ned. A programrer .
determ nes the machining steps . fromthe drawing and creates a NC

progr am nenuElisk - GE {BVE Bt & . A FRYE HRER Bk ToBods 4D RUIT & -An TRergjt or

i nputs the NC 20 programinto the NC nachine tool while, at the sane

tine, BT RET R SR HE ER G VO b il &c dr an \b 122 SN i ge HoR EnBinatl Bt

or by using an automatic workpiece changer. Then, the cutting tool to

be used i sgpd-es el Bjdndr LR¢:akwE o Bl WO X T W 1 get isddbfy ngax rhe

cutting tool is then nounted in 25 t he tool magazi ne of the NC machi ne

tool. — AfterstARen.T & H 2 ERENC Brogk and & Gy 65wt B2 BRERly/d 9 egtmine the

wor kpi ece and fabricate a product. Various inventions have hitherto
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machi ni ng steps. First to be cited is an automatic programm ng
system waogufls$Cl 0sed in Japanese Unexamni ned Patent Publ igeddjpog)
( Kokai ) VKB.g jf 315550. This system conprises profile 35 recjggn?lto]]%n nmeans %
for extracting a machining profile from the data representing the
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opti mum machi ni ng conditions stored in the machining condi tions

menory. As a result, machining conditions can 5 be set automatically,
Wi t hout wWasnasszal operation of setting the machi ni mewPesiotorons by
t he operator, thus elimnating the human errors which often acconpany

manual operation and maki ng a superior machining operation

possi bl e. Fug bher < heg opslonm e OPRY SR RACTHARLEET® FGu L 2 gaSEr ed for

the operator to tend to t machi ne are A second
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corrected machining conditions while at the sane tine correcting they . -

wei ght of: LLst neural network. The system furthernore conprises o
adapti ve g%ﬂﬁy%?éﬁeans 25 i ncl uding a sensor for detect i HgTtF8/0344r ks,
sound and the force generated during the machining process, and a ™
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- 3- machi ne tool are optinmally selected in accordance with
sinplified input databased on the registration of various I nf o mation
files, tWOBHPI of nachining pattern data, t he pro®ETIPIRP10T4 a
finish pattern, pattern recognition 5 and the determ nation of the
machi ning process. In this y, a machining area and machi ni ng steps

high in X brtéduﬁl%ﬁﬁﬁﬁﬁﬁiﬁ'ﬁwclaﬁﬁjfsﬁ&mfﬁlﬂﬁ%ﬁons() gRphyniing

conditions and a tool path nost suitable for the input . patterns are
det er ni nedy BENTtEH B production efficiency 10 and the machi ni ng accuracy
are inproved further %V‘gost- machi ni ng nmeasur enment and correction.
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a tool path fromthe profile data of a product to be machi ned. An NC
progtr am gcan be automatically prepared by 15 addi ng variQus nmachini ng
condi t i oNEP PY+PRE profil e data. According to the fi rEFTlms@rlmért

descri bed above, machi ning conditions are selected froma database in

accordance with a predeterm ned al-gorithm based _on {he rof Ll e data
of the prdHEE& Bo. b& fachfned? Thesd 3 @@m’n’l‘r‘% %oﬁ%t$o£s eaftbe

considered static ones. In contrast, _the _second prior art i,s such.
that machpfimg ¥ 7 — Goffdirt RoBsbwhi BhLadl §o—a? Onst4n %har%ééfa?_é‘
detected by a sensor, and the_pachining_conditigons set pagsed on
the detectl oh—r &dl d ar N &dept vetyTeon#r 01 ted 8skng 75~ 7 MNearhing
e det or 8 o Ehatd or LG # th¥ 1 #4 SOl &narlh oL B Bhnge 1 2
requi renents. The first and second prijor -art enphasize the automatic
det er ni natd f -of¥ %%%ﬁ%&&ﬁ%ﬁﬁiﬁ‘%&s@ 20C ~ ET"Iﬂ’t\h'é £n? rdy
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condi ti onsva f Autloath dakly _. -
H24A28RBT5E. BRF—FIR—RJalc@MI BT -9
. THEBRL IOEZVBOR o~ THEFEREE. &
AEVHEE. BECHTI2BRROLEHEFEUHECRTET -9, 77
PEBCIZBROEEEECHTEIF—sE0EEN2. TR/
RNV F—FR—ZX3biBEMINETF—7icid. TROEEES
.IBRUIBERVYOTE. BR, TROME. TRSFH. IR
DEFENTIEAEE, RURNEECHETETF -7, THER
WOTHE. BRENEGENE, MIE/EF—FIRN—R3 c KBNS
haF—siIcid. 1 IS8R0V OXVE, AR, ¥vy 774 —FE&
Y-S5V I EROEE. MIY—rv. MIEEEEKOMI RS
KRS T 20 0EEBRRSF—5. d5MIEEMITT3RELT
E4XBRTA-DOEBF-sEXEaEh3. MRTF—IN—2R3
dicEMIhasF—7iciR, HEHOBE. B, 5IRBS. BER
HENEENE, NC/ VP —KF—s4R—-R3 eHBMNENBET—
Zicid, BRESBEBEOET, BENS A -5, ¥ - KOBEHK.
FA4vEREENE, AWF—FR=-XB fiIid. AAWLIOBA
HENEMIBRF -2 1 aRUT—7F—F 1 bBRBMAINSG,
CoT. FoIR—RIEEMEINBF—F k. ARV —-FHE
Bl AHTBEF—%, TESBBE]1 1 ITRCERGIATVWET -7,
FEOREFRLOOOLDBEINATF 503D LE DL
S2THhNRIFT L o



determ ned using a technique simlar to the first and second prior

art. In addition, automatic determ nation of a cutting tool and a .
tool pat W&¥MPHed with a 35 t echni que of neasurement RQI/IPS/OKE4 | on
after machini ng to finish an intended product w thout human | abor.
These conventional techniques are based on the
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accuracy, high-efficiency machining process by predicting 5 machi ni ng

requife % g g5 determ ning a tool path and machi ni ng_condi tions
based on YRe Z‘? di cti on. Di scl osure of the Invention FCTAP98/01074  pn

obj ect of the present invention is to provide a machi ne tool control
apparatus and a nmachining system 10 I ncl udi n%t he control apparatus and

a machine td&l 5 End &4 ifEnEdE R e dB & pr GB &k D 82D Hevidh ddt el |y
machi ned at high efficiency while neeting the precision
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apparatus and a nmachi nin i ncludi ng the control apparatus and
a machi ne Rool & BnF {3 & \cHi:rrb:dﬁlﬁﬁlmgprﬁédﬁl-rﬁit@ Bk fiddds & Sti-and a
t ool 20 pat h and machi ni conditions _are determ ned automatically
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hi gh- speed nachi ni ng process. According to a first aspect of the
I nvention, there 25 is provided a machine tool control apparatus
suppl i edWO8413%j t h machining profile data for machini ng ®CTUHRDRCE,
conprising input nmeans for inputting workpi ece data i ncl udi ng

machi ning profile data on a final workpiece profile and the materi al

and the pxbfit Betiofc { him Wodudi Foe BOX — X038 he [aglfyRedh, et & St 5y 8ge- means

for storing at least a sel ected one of nmachine data representing the

speci fi catl ang bf & hellidchiFe, tido) sspdsferf @@bl—:ﬂl—n@ Ebo o 24 3 workpi ece

and tool data representing the specifications of the tools held in
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OEACHETAIAESZHEHBE O cRET S,
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93,
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- 5- of the main spindle and the feed rate of the nmachine tool
based on the data stored in the data storage neans. A>

rding to
anot her WSHhBA3Yt the invention, there i s provided an‘H‘PT?Pﬁfn?{é system
supplied with the 5 machi ning profile data for machi ning a workpi ece,
conprising: a machine tool for machining the workp'%‘ﬁ%le' I.nput_ means

for inputiiBidetdice EihRihg pEd MO o — 7 % Fidt profH & of the
wor kpi ece and the material and = profile of the workpiece to be .
machi ned;. i WdBRB0® 1T0k D TadEad W dr 1sibfbﬁf%'5a Pemst a sel ected one of
For machi ni Tefriidir kitecdehd? (AN BR S & [ X I Aot R et oA
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—IZVEOREX VY BLUIERRL 1o —Sicftlash b
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STRIESNABREBERTATRARER T~BoNd, IHKK. &
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machi ne tool; predictive calculation neans for predicting 15 at least a
machi ni ng Ioad or interference between a tool and t he workpi ece based
on the dav@9es#a3&t from the input means and the dat a REGIRIY0IH4¢ he
data storage neans; machi ni ng process determ ning nmeans for selecting
a tool and a machining pattern and determ ning a nmachining 20

process bagad PEURERdatamk W H IPM $hé Thpub TeENd and t he data

stored in the data storage neans; tool path determ ni ng neans for

generating gxtjeql [Hag hg@ﬁ Lf%ﬂ&@ﬁlﬁ{hg & WogkBi ece and det ermi ni ng

t he conditions for machining the workpi ece including the rotational

25 speed @‘mq%grglm SpnndiR fard I he L eed matedbfl ahe &W$Ej}a€h{ ne t ool

based on the too t he machi ning pattern and t he machi ni ng process

sel ected apdydeterygipeg Pybthey — 7 & rachilni-ng pr oclib 9 def ey ¥reans,
the result of predictive cal cul ati on made by the predictive

cal cul ation 30p — mg@ﬂ;tﬂqﬂ@mﬁr@l&mﬁﬁlt LA f#AnT and 4 he data
stored in the data storage neans; and nunerical control means_f or
control |'i ng prive e ¢ & oa lof—thea tadfiha tdol AHF—FX—23 {5
MIBERF—71aRUVI7—-JF—21bEZFRO. TR/KN
YR R—Z3bHh>. MIIBRELS alc TRESNAIR
RUIBANVFOTE, BR, THERBOBR., TEEXRTRS
C XDl MIREYIV—YarBTall. TREBBERKS
b TRE. HEShA I AU OXDE, IASHE, Ev I T«
—FE. TENRRUE Yy 77 4= F/RXEZTWO. >, MT
SUERENS c TRESNAIHMEAERE, BVEREZRTN S
MIREY I 2V—YarPTads MIKEL->T, 2FD.
—EREYICTERBRERS AITESRER2ERTIHBIC. MIB
RF—%1aRUT—2F—%1bé, TR, TRANVIRUEH
ERBOTBHR., THEE. TERRE, Ev 274 —FRREDPLT
E.TEALVY. THERBLET -2 &R MIPETFBET LIS
PEFRT . HEMIFRTOMI P FHHNEL S ENTH
xh3BAKR. MIREYI2Vv—varvyBTalBMIIBRE
M5 alcH LT, YMMIESEMIRTHERETELICERT
5o CDEE, B UMIRTERA RO IR L OMITHTS 3
BAEAEMIATEBEOMI Y —Vv2EETE3HFAKIR. I
TIEREHS ald. TEFHARMINY—VE2ZEELTHIHASR
.IE.MIASY -y, MIEFEZRELEL. TABBRERS
KEMT 3, 2LT. LEFESNBRVESNZ, TRPMI/NY —
CHEETERVEASKRE. MITERERS a k. HEMIAH
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according to the tool path and the machi ning conditions generated and

det erm ngd by Lhe tool path determ ning 35 means. pETATBI8/01074
Descri ption o? e Draw ngs Figure 1 is a bl ock diagram show ng
a machi ne tool control

-6-
appal 2 s, GERORCES SR STIoE T G T R MR Y w2 5

HTA. TB2ZBLTIMIEBROREFEO—AERBET 3,

53TRCHLTTBORELSVER? | aXMIRKREY Tav
—yavBTak XD PREEIALBAL., USTRTMITE
M. FAGEEMAENG 6 EUTOHERN2 1 bOERTH
XN3&5KBE (HTA) . BEOERDAIBSNMIEER 2
lceLTHESNSE (KNT7B)

MITEREHS 2. BTA, TBRRTHEELAR. TR
T — s LtDFBF v IREVRESNAMIAR. TLRAD
HIOrOAHLEMIBRF -7 1l ak W LTCEBRRELAIR
ET— s EDFBF 2y VLD RESNAMIERE. ANBW I
POAALEMIBRTF—F 1 a0 EEMAE. BOHME., BEE
ESEREANAMIGEREOEHEREMITREMALT S S
ELTE B,

MIREY I 2V—YavPTalds &5, MINARBSIOL
Bl bABROTBF 2y VA2 YTLIALTERLT VS, ZOR
B TREV—/OFBHFRSNZEE LR, TOEDOF— S %
TERBERBS bicXHT 2, TERBRERES bR, COFTH
ABIZTESE. AAEZHARAKRT 2 FHERMI/ SR ER
B, £KT 5.

Tr. MIKEY I ab-—vaVvBTalk, EREMINTbLA
TW3HE. MIERF—~%1la, 7—27F—F1b, MINFT—V
CTENRRHETAF - ESE, MINEBTET - iBY
BABE (41 va—F8) 2TFET 5. COFRASEIMIEAR
EHS c~EHIh, MIRERERS c 20, HEABR (13
—F®) TILREOXVEAELRASEIMIRBEEERT 5,
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Figure 3 is a block diagram showing a tool path 5 determ ning unit.
Figure 4 is a flowhart for a machining process determ ning unit.

Fi gures s PYEar e di agrans schematically show ng tIEI/IRIPBTH T

machi ning patterns. 10 Figure 6 is a block diagram show ng a
predictive cal culation unit. Figures 7A and 7B are
schemati ¢ di &geat@s. fi LR & Yexphadini-rig = B Hod & « d&t er di &7 rg#a Inbchi ni ng
ar ea. Fi gures 8A and 8B are schematic diagranms for 15

expl ai ni ng&t heTel Btk #e briveRtEqn Ei it dh | X ¥ 7Fiyd & §aBshows a

profile drawn based on the nmachining. profile data input, and Figure
8B is a di¥pedm B Y v 7 Toapar FriE & HE BReSukids . ofl TREp R EE B Suse™®f a
cont rol apparatus according to the invention and the prior art. 20
Best Node BoRE St ju HoHol 151 Mei ik S A0 & 1 T £ e NI EE 0B § he
i nvention wll be described with reference to the acconpanyi ng
dravings. XS, MIRKEY I a2~y avPTald. MIBKRF—-F1 a
ELTU—=27F—=71bé. MIIERERS a TREINAIR,
TEARNVIRUEHAERBOBR, THEL, TREREMRTFS DT
RE. BRESALEYy 774 - FR, IEAZHS. MIhOT -
) ORARAOBREFAT 2 &kic, TRET -7 LOBEMA, U
—~JDEERERFRT S,

Fho. MIRBYIab—varBTalk,. FTESNEZT-J0
ERZ(EMIAARESS c CRESNAMIRALKETED
—JDRBAF -~V rETRTE. COFHMSABIAFNAFT -V +
REEHAL I ~ZoN. HEHNBK I 0¥ — KLY X7 L0 b0
SA—IBBEEH B,

TRET—V7(DEMROTFRAKESOT, IZIF. TRIH 3
TENRRZBEHRIRIV-Z7ZPHLTVEV, WbWBZTA v b
BELBCLNTRINEGZE. MIREY I 2V -V VET 2
B. TOEDT— S ZMIGHRERS cicBHT 5. TNICKD
MIERBREES clid. 270y MEFRAINZI2ERZEBRT S
IRNACB-TIERETIHR. BRZVEETBHIT L OH
EREE I ICESZHT I ENAEEL LB,

BEEH I V—-YarvBPTbdR. BRF—IX—-R3 a ok
MINTLEIRELHNTIRBROREREECHTEF -5, &
YYEI3OBE VYD OORETFT— S ILESETERML 10
BRERZTHTS. . MIREBYI2V—-Ya VB TaTTFH
HESNAET-V0ERF-IRUBMT - IR~ 3 aiciEma
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Figure 1 is a block diagramshowi ng a control apparatus 100 for a

machi ne a9bs/a@spr ding to an 25 enbodi ment of the presegf, joventjon.
The control apparatus 100 includes, as nain conponen?é’r)t'ﬁgﬁ’g{’# an

i nput unit 1, a database 3, a tool path determning unit 5 and a
Control 30 C Vb st QBRI .3 R TS Bk LMy 2. 500w & o
connect | ng chebdE B M hanP? %datf@*%&%‘% %if:ﬁﬁﬂ%%e e;é'rzt“ﬁ'r P‘ASUI?
Hput ani ¢ 1 PR S E L T o PR T SR 5 & e
e”“mm&ﬁ&?@%%awﬁwmwmw9ﬁi%%?ﬁbﬂf;/%»y

—IR—-X3bho. MITIEBREWLS aicTRESAALIER
CIRERNVIOTE, BR., T@HERKOBR. TEEZZTINS,
IBI. 9= V3ab—vavifiTcld. TERBRREBLS LT
RE. BESOWR I AGDORADE, ASE,. Ev 77 4—F
B. TENRZARUVE Yy 77 4 —FRRE2ZYWD., >, MILH
REWLS cTRESNATITHEERE, ZVEAFER TR, 2L
T 7= v3iab=varvETclld, BUR-1F—FR—-2Ric
ESEMINES T IR 07— 70 BMERETFRAEEL., 20
TRAFEEZERZMIREY I 2 V—vaviTa,. BREHY I o
V=2 a v Tb~E5,

ITREEH I2V—YarvPT1dd. DIREY I 2b—-vYa v
WTaTTFRHEILEIMIAN. TR/ AV F—-sX-X3 btk
MENTVWATEDEATFIKWATE3HAERUVELERICETET—7
POoITROENE. BNEBETFH T2, £/, TR/ ANVFF—7
NR—ZXA3bDbEBMINTWAIRFMICHETEZF—F &, GIEMIT
REVIaVb—YaryBTaTTFRHIALDIARN. DITES. U
ALE. MIKHE P TIROEBEER, BEENGTE2TFRARET 5. B
EoHFER.AAER-NVZTUVFINDBE., £BVEETZOHN
ERVWRD EENSLEONBETERTZON. XA PV—FRIED
ITEOEEBEE*TRAT200TH 2, COBEDOTHREEIRLY
IREREELAHIEDLOHERXTLh S, X5ic, V¥4I
SOITREVHYRE-THHEFOIEORER (ZEE. TERE.
RLEE. BBLEE) OELMLSFRAECEENRFTHLN B,
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-7- machining profile data |la includes data on the machining
accuracy and the surface roughness. The input unit 1 is further

suppl i edweoidglaissor kpi ece data | b providing data on tperppegiiiba and the-
material of 5 t he wor kpi ece to be machined for making the product. The
wor kpi ece data I b include data on the di nensi ons and profiles of the

f11ngs, | 189, Sugh gags gab) ot LALCy L0631 7 o 1FRRAFOG RSl B RO e wor

nounti1 ng position on't machi ne tool 11

and the @%h@ﬁ% A0 1o ROSL 45 B1uOk 415 OGRIRIRCS d Q- ZREN! RN 110

only a keyboard but al so suc

oo ne. WP AD REFRIERS, YK p e ey R o 80 Sl
LATEEBR+ 4K T3L). TEBRERBS bKBEHT S,
ZIB. V=S¢ TREAKREFACENBHIEZLESCNIAR
RAREVWEBACR., TERBHAACHLTHARENS LI KE
Bt ahpIHOBREELY bTROABEENENTEHT
2o ZFOHIc, BPEBMIZFTH>LDREEHOTIROERUEN
HEOMINBE TR TALORBZRVEEBELRIAERLN
VWe chickh, BHERUNINTELAT S,

Ric. BRFLTAEWT 2, BRWL TRIELLER]1 Tal
.CRTZ0DE=41TbEEEHLTVE, TR 1 TRIRE
B ERSOMITERERS alcB VW TRESI QW AAMIER. 0
TRy —v, TEORBRRUEEEESEERTRTHAIENTE S,
EELER] 7Tald. ITTERENRS ar oM ITRKDH
L. EHAE. BECHTEF-9E2RURD. Ex0RBLES
FULTERARRT BEBOF - EERT B ENTES, 85
o, BEHICRRLICFRIATVRELYE, F—4X-X3 ., FRHEE
W7, HMEHBABLI. YW I LERINATED, 400D
BEESS T4 v ) ERFTELBFFRAIERTAHIENTE S, Hl
ZEEFRBI TR FRARERE THoDF - ETETIRET -7
EDTHF v IDERESS T4 9 IRRTBEIENTES, &
SIZ. AHF—94R=RZfRAHINATLAMIFBRT—F1 a
BT AMIBEDOTF—F &, tvyBl 3BV TRESNLALD
— DORRAEF - A RBLTERIETH IV, £, BRBEL
ki, 7Y ¢EIREDTFHEART I LHOTHEBEMTI Y
kD, IT—-VDOBEOBINLESESS T4 9 IRRTHIL
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whi ch stores the data. 15 The data input by way of the input unit 1
are stor

I n the database 3 functioning as a data s ns.
The dat ag‘g%%wﬂg'?ncl udes a machi ne dat abase 3a, a too#’?i@‘g%@%gat abase
3b, a machining conditions dat abase 3c, a material database 3d, a
NC/ servo 20 dat abase 3e and an-input database 3f. The database 3 can
be configus&@ S a data storage unit such as a hard disk drive or an
opti cal disk device. The nachi at abase_3a, the tool/hol der

h d
dat abase 3b,$t%ﬁ@(%wﬁﬁﬁ§§%lf’£% okt Toms BRIt Base 3c, the naterial

database 3d, the 25 ~~ NC servo database 3e_and the input datapase 3f in
the dak @aset INdamr Bk td il %rbé*agm@iﬁ%@tm ‘f'fgfénﬁ Pa7 — g :

storage units or can be incorporated in a single da%a siorage unit
partitioned +n¥ ol ab pEuratiX yN of %r%é%]\ﬁ?‘@%igﬁe nE& % 3ato
3f, respectively. 30 ., Wth reference to Figure 2 %{;g%@ta stored in
t he #rathi e Gd? a3 3a 4 rcltude <t Fo5e 26 rhek St Fokl & %

feed shaft, the maxi numrotati onal speed of the. nmin
> 2 52 B

EF—s LiIcEITE. IR 5OMLIIBRERS a TM
THEE. TE. MINY -, RUMIIBNBR, RESN S
RWT. TEESRRERSOTEERERL S b TTEBEAX. I
TEERERS cTMIRENRES NG, COLIKER. RE
XAATEER. ITRX4SORREHF—Sici D REMNEENO
ENLTIEBRL I XBRHMBIA. 7—70MITohNT

IRHERT o |

CorE. FRAMEST TR, ARV—IRANB L HOMIE
KF—%1aRUT7—9F—%1bd. FmIR—-RIEHBEMTO
TWEEF—FLICESEX,. MIAN. TREV -7 LD0THFED
BEEOTRHEEXTDLDh, ZOTFRHHEERXIRBEBRRERS D
MITRBRERS a~Zoh, FPRAEER T COTREERRICE
d%IQ\MIﬂf—V\&UWIIEﬁREénéoﬁﬁu\%
AEER T COTRAHERRCES X TIEEBRERSOILERER
ERESDTIEREN. MIKFRERS cTMIREBRRES
N3,

COEIRERBER. AARIOSAALEMIBRT—5 1 a
BEUT7—JF—%1bt, F=FIR—-RIBMIATLERET —
yricESs, FRHEEST CMIAN. TRE7-7 LOTHF
DEBEOFRARENENICTHONEDTHE, 2FD, HRWEBETY
MIEFTV. TOELEZOMIREERBLTTI 4 —FNy 7 LTH
BRHHEHERSA TV AROICH LT, ZARBFTREITFAREZLT
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spindl e, and the maxi num feed rate of the machi ne tool 11, and the
deformation characteristic of the 35 machine tool 11 with respect .to .
t enper at WOS4A3#7t he deformati on characteristic of tRETHRSININE tool 11
due to t he wei ght of the work. The data stored in the

8 t ool / hol der database 3b includes serial nunbers of the

ﬁ&&dm@@ﬁﬂﬁﬁﬁ&%%amH%ﬁ%hﬁﬁ@LTmI%ﬁ@m%mdHm'
o the {00 whi FREREE T e, » DRI LS SRS
MOBEEZEICHLEIEEEIICLTWVWE, £-»T, HE#E{LEN 3
RENEREDRCBD . BUENMIEL D BCRITTE 5.
PIEBRBLALL IR, RBBIcIhWE, ARNV—FRINITTRE
IZOERKRT 2L BATH RMIV -0 RBLUBHICH
TEF—SDAREANTEIERED, ERXBELARLAANIN
BYLITR, TRER. MILf4TEYNKETsO, EHETH
mOMINEEENL S,
RRBEHEARPBOLBRAERS A, 8BItRT,
HS8ARTTLIUREREREESSMIBRF—FH/ADSN
BAIC, RERTR, TROBIVAEZEEOETE, AlAEF 1
6m/ minTHMIT3¢E,. I8BRBVWT—REBRTRT LI
BEXENATLESICL (BRBRES 23 a. 23bTRTHI)
BHEBOEENNMNILAL->TLEICLE (ZRES 23 cTRIH
B) NBHo7co oI, REREWTREETIEZARBEEL
LEi. BRES2IJITCRTILICEAENETLAD. 2RE
F2I3ETRTLICHENRELS LS, REBEHTHOIRDOED %
EREICTA. HAE200mm/ minTHITHhiE. ZRES 2
3f. 23 g CATLIRMMERMINTRE LS, CARKL
THEERTE. ISBILBWTEBTTFT LI, TEDEVEE
EEBICR-AFEEMILTHIAI LA ERELL W, T,
FRAREHLICBVWT, IITAHOFRBECEHDP. TRLT -7
COTHBEEF -y 7REFHRFDLN. DO2FHF—-IR—-23 K
BHMENTWARBTF—9R—RE2FATEILERLDUDTER
Ihbe
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5 and

i ncl ude t

o t he di rrensitonsdI i Hﬂ H
spi ndl e. store
i nae. oondsie <t ot HIEHTTHIN

the 10

plurality of machining areas, ¥and™ unfare

optimum t

strength,
in the
par amet er
control wu

the dat a
t he machi

partitioning data f diLyi ding e Qﬁchining surface into
al

forward end of the mai n
IEH condi ti ons dat abase 3c

Wamount of cut per BSTARESOWRE pi ck
feed anount, whether cool ant is used or not, the machining pattern,

ata for sel ecting an

a

ool for machining a given machining surface. The data stored
in the material database 3d i nclude the type, hardness, tensile

LR T 22 ERA S 2k NS Y il e

%[é%? tant of the servo, and the gain of t he nuneri cal

0t dat abase 3f has stored therein the machini ng

prof| | e dat %l‘fgﬁgl}d;ﬁ heé%&ﬁ\ﬁj ﬁf&@gﬂ;ﬂ‘%‘b@%apgg’t fﬁ[b_iJs_L_he | npu} un
Ié%‘% % E%#ét%g he?p%regy)%/\%ejﬂ%tijjia regll stered [ n

MET -/ 2MT T 3METEBROBRERERTB/ET -5
\ﬁﬁlﬁ&ﬁﬁ%ﬁ?élﬁ@li&ﬁ%i?lﬂr—9@oE
DELED I DEBMTBF— I BMERLE

MEANERKEIDANSNAF -5, BIRF— s BRTRICHK
MENkF—sicESE, WRV -/ AMI T TARRAERT
Blitic, IRIEBROIHEERE. 2D AESOMEY — 7
AEMITABOMIEHERETITARBRERR &,

EEBUTHRENSCEABME LATHARROGBEE,

2. MEANFRREIDANENAF -4, SIRTF— I BNER
CHEMIALF—SIcESE, DB ELMIARK. $AEITRE
D/ EDFHEFRT ATARETRATCAMLCERSN S
BRE CEROTARRONAEE,

3. HIRT — 7 BRMFRLEBMINBEF—F 3. ARV—INE

CBRANTET—7. i TEBRBREERINATVWEF—9, i

PERFREHONMLODEBEBINALF~5D360%U8LED1D%

CHERFICEROTIERBROGBMES

4. FIRTRBRREFRR. TERUMI sy -V %2BRT 3
LLHR. MITIBZRETINIIBREFRESATHERI O
PZEREICEHOIEBROSHEE,

5. BMIENITRREFRCER,. REINABIE. mI/ ¥y -
YREUMITIBR, ARV—- I BNEBRANTEF -9 TUEBEHEXR
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a predeterm ned nmenory

( : : . tool path determining unit 5 will be
e s TN 2 <

hi ni ng process det eparapas®ieri t 5Sa,

a tool path generating unit 5b, a machining conditions determning 30
unit 5¢c and a correction unit 5d described in detail bel ow.

First, thE dathit@n@ PricH A 0% Bed t he wor kpi ece data | b stored
in the input database 3f are sent to the nmachining process

det er ni ni'ng 6uni B Th138 & BEBCEFE KL . BRE M Winhesd datar BhiR dudhi ni ng
process determning unit 5a recognizes the profile of the

Techi ni ng s fate. ol THe BRI &Nk FELkIEE Bk eha, TH R & 1
HENIIBRERER. RANFZERICIDADESNEF—¥
HRF— S BRMERCEMINAEF— S, RUNETFARETR
CEATFRAIHERRIKESE, IE. MI4 -V RUMIIE:

BIR, RETAERF2EECROILERROFBAEE

7. WEIEBBRREFRCRESMBAMI&HR. ARV—¥
HEBILAHNTEF 9, FEORBERCS A UDEBEI AL
F=9D3b0U LD I DTHUAIHERE L KRR TERB O
HEE,

8. NRIERBREFRR., EF-s/BMTRICERS AL
F—y  ERSNAETEER. VETHRETRCXZTRRES
B, RUNMEMITRREFTRICLIVER, RESALTE. IT
REI-VRUDMIIBRESS, MIEASRETSHRES KR
WOTHERKOFHBEE,

9. MILANBOBRAMET AMIBRACTERLEICES
L. AIERE2 B IE8BREFREAT74—F <y 7 LT, I
BMEARET AL TIERRAEETARREL CERO TR
BROFIBEEE,

10, BEMIBRACFROAERRECESE, BEF—%
MEBRNEMTIBRT - ONBE2EFHL. HETRAHEERRR
BUATRHEOMELM LI L 3HEREI CERO TR O S
MEE,

11, E—50BHK. THEBROBEOBESERHT AR
VHEBEREBL. RESEENETRRESRICT 4 — F Xy 7

20



dgterm nth98\2?1rB:7 t52 g:rI m,lmmﬁl"ﬂrMHm?ngagmpégg Ip:]?gess /‘g’ﬁﬁﬁb‘gl urality

of machining areas with the Curvattur e i ncl i nat i AT 5th of
the surface to be machi ned as surface paraneters based on the surface

?ﬁét't'O”“?Q§q§%?£362dré?aﬁkngW?ﬁ%%ﬁg§%$ﬁ¢%%%gmf?ggétES?Zpdgig?ase > and
ored 1ot ﬁgcﬁﬁ%ﬁﬁ%q’fé‘%?? R EEANL BB &%ﬁ%@erns
el feaf AR o ] ﬁﬁ% S i 2 BT TRl BB, femi i ng
ot t ace palaaor "8 s aﬁﬁgreér RRE SRR B R o s
slope s 1 3 =—yOBH. THBROBBOBRES LM+ 2 B«
YHERMEIEBBRCEBZSIATWATIEDTE. BREERHT 3
TREEVHEAERAML. REBEANRETHRETRICY 1 —
Ky 73 3HREL CEROTABRROMBEE.
14, HNIRBRE VY EARTIEL Vv FORMF— S icE S
MBS — S BN TERSENT 3BT — S 2 A B TR S - JORE
AEFL. HETHRETRC S s FAREOMELH LS €2
BREL S CEROTHARROMNEEE.
15, MEFHRETRE. WRAAFRIOAT LAY — 5 7
— s HRF-SRMEROF— 5. NETARBREER CER
CRELAIREBRUMIEHICESE, MIAEBT BT —2
BROFRIZITI797—7Vab—~yva vEREBBITI2EKIF2
EROTERRONBEE. |
16, NEFARETRE. RS- S BRMTRO 7 — & R OB
RRRE VY ORB T — S ESE, BE. ROMOMBE. HE
BOFC L THBRROBBELOTFRAER > BREB Y $ 2 L—
Ve VEBAETARREL RO TARRONEEE
17, METHARKTROBRES S S 2L —2 2 vERR.
IThicEBcBE L ANETARRORETE. £ EiRRR L
VY ORHF— S ESETRAME L A RE R EENETRERR
EFERA~AZHL. METABRROMERBIERT 5 M THEODE
THRELBVIARBALRT AL 5HET2HREL 6 KRR
IHEBRRONAEE



15 machi ned with anple, the tool would be
over | oadedI or d\tlamvel ojmﬂmum "Iltnmt;e?pt 0 prevent ) this, a machining
pat h al¥@g84135dnt our i's Sel &ctBd Yor® a steep sl opePCRUIPIHMIYare tine,
t he data on whether a cooling is required to be supplied or not is
i ntroduced 20 fromthe machi ning conditions database 3c. Then, the
order of math8ni il sChE fldE SR E B & nu8hED N g 4 &l FsB O 7 —d#tBrthifiled (step
S17) . ) Exanpl es of machining patterns are shown in Fi gures
5A to 5H.50FIgErE A AR T st iads 19 & ngBhEE B T B CandEFEgurE BB a
contour machining path. Figure 5C shows a scan nachining path, i.e.
what is ciJ &l fihe BrfifEdEer T B E £SO mElining faih® Bhieddedito i nprove
the cutting - efficiency by setting only the portion having a work as a
machi ni ng>ase¥, FdARgEIr2 BOKIE %MEB%UD&EWEE&) it B . path centered
at about a point 0. Figure 5E shows a contour machining path for a
wor k havi ngladsubBitEF#EE F B OpL & &hnr red: 3t ook & LoFaBeld § rdm a
final profile of a material such as cast iron which is cutting a
BEoflh, BRFZTHAHRELCHCTRAHEESARZCHREIRER
REFBR~ZHL, IREIROHNL, EECERTAMIFEDOE
FTHRELBVWIARBEERTAL5EST2HKREL s KERD
ITHEBBROHMER.

20. BIRPRIEEFRE. AIRAAFERIOGAALEY -7 7
-7, BT IBEMRFEOTF—4. FIRIEBRREFRTER
RELAIBEBBRUNIGHFCESE, DIVEY T —7
EBROFRAIZFTO>T9—I VI ab—-—vaVvERE.,

MR F— /BRMEROF—sRUMERRE VTORBT— I
Eﬁ%\ﬁﬁ\%bmmmﬁﬁsﬁéﬁﬁ%miélﬁﬁwmﬁﬁ
ZADOTRETOBREBE Y I 2V—va vERE,

METF -/ BRMFROT—JRUNIEIERE L VYV YORET—F I
EJ:, AEGR0IROIRE. TRE. flh. FEUE. TRE
HEOTFTRZITOITERH Y I V-V YFEREEZREREL.

Evy1alb—VayFRTOTHHERREEZNELRERREF
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predet er nj ned anount 'ﬂmm" e direction of the 35 normal to
the finawmesiisse by Immﬂ etting t he vvo agnd Fi gure 5F
shows a scan machi ni ng path or"a® * work having a subs 1’?&1

predet ermi ned stock all owance - 10 -
froma fidrad gl e o0k & omte ] t iron which is cut a
pr edet er m ned armfliant ea%ﬁ’i Wﬁﬁyy%éﬁﬁgﬂel y along the direction of

- cont our rrachl ning path rnten
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i mprove the cutting effumﬂ ,ﬁmﬂnuuﬂflm ng a machi ni ng area only at
t he portwayegaysr ed by &Y y t I ng t he machi ni%ﬂa oper-ati on
with the portion covered by a" " Swotk or decreasi ng thé’caf' Y rate
when the work 10 approaches a final profile, for exanple. Figure 5H
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25  parameter such ai“mmmmm nclination and depth of each
machi ni WO a8/¢e857 The sh "m El’l,‘ erns represe&tr,Jp;ﬂ,Moﬁeveral

exanpl es to which the preséntt Sinvention is not limted

The data determned in the machi ning process 30 determ ni ng unit 5a on

t he machi g pogsares, @tzﬁe@t@@g ;g,t,g% L. gmRehiging-matsex wgg]gq%?% pachi ni ng

sequence are sent to e tooI path generating unit ooI pat h

gener at i ngy gnizt ik XEEy e r%\e(éld Iengf%t"he feed rate per

bl ade, the depth of cut and the for machining a
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machi ning area, the t g pattern, the workp| ece data
b, in Q@égélﬂék‘f"r’ tdm“mﬂmmﬂnlm material of the workpiece to be.
machi ned, stored in the ¢ . #n at abase 3f, and the RfHE¥AGhe type,
tensile 5 strength and nodul us of el ast|C|ty of the material stored

At h and B B BEACBIA pacAe sk (R & %ﬂﬁﬁ% @ the pick feed parh are
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Then, the machi ning concy ‘ [l “l“'hng unit 5c determ nes the
rot at i ongyo spaask of thg me Sm the feed r he nmachi ne
tool 11 fromthe feed rate,c t M the ‘tut rate and the pi gt&/g%g&}o?%'e per

bl ade based on 20 the result of the calculation input fromthe tool path

ti ' I ]e. h ti | yi t ool ch :
Lommnd |8 Sk Bb Lok Tk B S w0 B R ormand for inserting a
t f t , B it 13, d i_bed | at t
unbr | cal _odnth of Ml & 35575 % A bR or 2CEIBRL b DAL B

correction ggrrmand - to the tool path generating unit 5b or the
machining™ “~ process determning unit 5a based on the result of -the

Reccr i bed | BB Y 507 B IR G2 B Sot er i ning the machining condi ti ons
110t BRI PHE WS SRS 7 Al ™
Pt CTDHEC BRI HIE T IF PR 5 s R gL W !

BT -7 23MITAMBEIABROBRREBREETHRRT— 5
HREIEBRAREITEAIEOIEHBEEAR T TIAF-sD5 b
BPHELEL I DERMTBF— S BNER L.

BRANFRIELDAANSAAEF 5, HRF—IBRRERICE
MENAF—SIESE, DUCLLMIAN. $ARIBAEY -
JEDFHATFHTAFRABEETRE.

NEFHREFBRICIATARESE. WEANERICEDARN
ENF-—F. HBRF— I BRMFRCER SN AT — S CESE,
TERUMIAS—VEBRTBEE b, MITEERES Z/m
IIBREFRE.

FMENMIIEREFRICKVBR, RESHAAIE,. MI/5 -
VRUMIIE. SIRFRARETFRICLZPRABESRE,. 5TEAD
FRELDANENAET -5, HRF—-IRMERICERSNELT
— S ESE MR- JEMTITATARBEERT 2 & i,
METARROIHEERE,. 2V AESONET— /7 4mMI T3
BOMI&H#+*RETITESBRETER .

MELIRERREFRICLIVER, RESNATERBRERUMT
GUEPOCHEIERROBAELGHT I REHNTETRL .

AEBLTHRINBCLESBMELAMTEE,

47, T— S EMIBRF—S EEBAL. FIRT — 7 RBRMD
IBRF— IR ESEFEBRCMIIN A TARROSBEE T

2 17



35 The nurerical control unit 9 generally includes a

e ™ ™ "0 0 e o

12 - revol uti ofs &f the" ngi n*spindle of the machine tool 11.
Specifl*glly the NC unit 9a generates a command for novi ng each of
the X Z feed shafts based on the tool path data and the
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cool ant, automatical ly changing the tool and aut omatical 'y changi ng

response co-a move 10 con b MMM .o a2 confr 2R A8

mot or of the feed shaft” In thi & way,*the nmachine tool 11 is
??&LF“%%%&&%%%%SQQHO' un;t mgéhi ni ng cente-rrhﬁa\r/r?rﬁgi gﬁ tool 11
Sencor uni R CCH RS % ke ROBGnboro TRV B BERE s o sencor
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by the sensor unit lﬂwlmlﬂﬁmuuﬂ predictive calculation unit 7

descri be®o as/43357 Fur | ength, the tool dianeter, .the .,

wobbl e of the tool in rotat’i on, the off-center, etc.PGRIRIBOMI4DbY t he
tool 30 sensor of the sensor unit 13 are sent through the data

correcti ofg ghit H1% t ffes r t b Q th dat abase 3.
Thus, the cﬁt e%s %? tE dat aba!sleaf gicﬁ] @lﬁﬁé I ’gﬁ%\@ HEED 6h
characterr—stﬁ@ e e, characteristic of the
tool are correcjtmed —gg%rm c?up a?e%minéié%f%l%ﬁﬁ «Eﬂl er ature of
vari ous par FBEIL B B 4 o FBACNE Hoflpy &1 S0P gk GRpLALUN . Lhe

t enper at ure of
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- 13 - the environnent, etc. neasured by the tenperature sensor
I ncl udedybesifssy mechani cal sensor of the sensor unit 13 perreAoRPP! | ed

through the data correction unit 15 to the machi ne dat abase 3a of the
dat abase 3, so that the 5 rel ated portion of the machi ne database 3a is
corrected and updated. As an alternative, the positioning error of
the machine tool 11 in operation is calculated fromthe machi ni ng
error nmeasured by the work sensor of the sensor unit 13, and appli-ed
t hrough the data correction unit 15 10 to the machi ne database 3a of the
dat abase 3, so that the - ecQrrespanding. porfion of the machi ne dat abase
3ais corrected and updated.] It is also ppssible to enploy a
met hod in which the nachini §§rcr WEasgégd by} t he wor k sensor of
the sensor unit 13 is sent t e {codrection 15 unit 5d of the tool path
determning unit 5 for géberating C%?rect on data from the machi ning
error data, H
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and a corrected tool path is generated by the tool path generati ng

unit 5b for re-machining. Now, the predictive | unirt 7
will beWR98/413§ascribed with reference to Figure 6. 'Q&L’m’%"égn
predi ctive cal culation unit includes, as main conmponent el enents
t hereof, a machining state sinulation unit 7a, a machi ne behavi or
simulation unit 7b, a wor kpi.ece sinulation unit 7c and a tool
behavi or 25 simulation unit 7d. The machi ning state
sinmulation unit 7a receives the machining profile data la and the
wor kpi ece data | b from t he i nput database 3f, and the dinensions and
the profile of the tool, the tool holder and the forward end of the
30 mai n spi ndl e determ ned by the nachining process determ ni ng
means 5a fromthe tool/hol der database 3b. Further, the machi ning
state sinmulation unit 7a receiveE:' jzhe feed rate, the cut rate, the
pick feed rate, the tool p thlggd he pick feed path per bl ade
determ ned and 35 calcul ated by tAe tool path generating unit 5b and
al so
~ 3
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receives the rotational speed of the main spindle and the feed rate
det er m pgslogMi3k-he machi ni ng conditions

PCT/JP98/01074
- 14 - determ ning unit 5c. The machi ni ng state
simulation unit 7a, before starting the machining process, i.e. when
the tool path determning unit 5 first generates a tool path or the
5 | i ke, predicts whether the tool, the tool holder or the f orward
end of the main spindle interferes with the work during the machi ni ng

operation based on the machining
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profile data |l a, the workpi ece data 1b, and the profile and

di rensions of the tool, the tool holder and the 10 for ﬁﬂ? % T the
mai n spiRAT8#13%¥%he tool path and the pi ck feed path.&?‘r ﬁgl Z'gse wher e
interference is predi cted during the machining operation in a given
machi ning area, the machining state sinmulation unit 7a instructs the
machi ni ng process determning unit 5a to 15 define the sanme machi ni ng
area as a no-machining area. In the case where the particul ar

no- machi ni ng area can be machi ned by another tool or in the case
where the machi ning pattern of the no-nmachining area can be

changed, then the machining process determning unit Sa 20 changes t he
tool or the machining pattern, as the case may be, determnmines the
machi ning area, the tool, the machi ning pattern and the nmachini ng
sequence afresh, and sends the result to the tool path determ ning
unit 5. Then, this process is executed again. In the case where 25
the tool or the machining pattern cannot be changed, on t he ot her
hand, the machi ning process determning unit 5a

Fig.4
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sends the.machi ni ng sequence with the no-nmachining area removed from

t he rrachlvﬁ?ﬁgf"wz)cess to the tool path det erm ni ng uptﬁ,ﬁ”{(ﬁ@m

An exanpl e of a method for determ ning a nachining area W be
explained with reference to Figures 7A, 7B. Assume that an area 2la
free of interference with a given tool is predicted by cal cul ations
in the machining state simulation unit 7a and that an area that can
be machi ned 35 by the particular tool can be defined as an area 21b
having a surface inclination of 66 degrees or |ess (Figure 7A). The

portion overl apped by the two areas .is _

B Fig.5A

Fig.5B

Fig.5C




determ ned as a machining area 21c (Figure 7B). The machi ni ng

process @b 6eg/gi3er Ng unit 5a can alternatively define a range to be.
machi ned as a portion over | apped between the nmachi niHgrHogHE1074
determned by 5 checking for interference between the tool and the work
as in the nethod shown in Figures 7A, 7B, the machining area
arbitrarily determ ned by checking the machining profile data | a
input fromthe input unit 1 for any i nterference between the work and
the tool and the 10 machi ni ng area determi ned according to the surface
inclination, the surface curvature and the depth included in the
machining profile data la input fromthe input unit 1. The
machi ning state sinulation unit 7a further 15 checks, in real tine, for

a simlar interference al so 3tyEr t chining process has started.
In the case where interferende € EBhe tool and the work is
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predicted as a result of the check, a data indicating it is applied
to fhe typobsmmsh generating unit 5b. The tool 20 pat h §cmoPyd1d unit 5b
cal cul ates and generates a machi ni ng route avoiding the interference
such as al ong the Z-axis. Al so, the nmachining state
simulation unit 7a predicts an’'internal -angle portion of the work
bei ng 25 machi ned, based on the machining profile data 1, the

wor kpi ece data | b, the machining pattern and the tool path while the
actual machining work is going on. The result of prediction is
applied to the machining conditions determning unit 5c, which

gener ates nmachi ni ng 30 conditions for decelerating the tool feed rate at
t he i nt ernal -angl e portion. Further, the nmachining state
sinmulation unit 7a predicts by cal culation a machining | oad fromthe
wor kpi ece data 1b, the feed rate, the cut rate, the pick 35 feed rate
and the tool path per bite determned and ~ - “cal cul ated by the tool path

generating unit 5b, and the F’ g 56
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rotational speed of the main spindle and the feed rate

- 16 - eterm ned by the machining conditions detgrgih " '
uni t Sc.w%asr,€]ﬁgfnore, t he machi ning state sinulation l?éuni ?Bg)e.{"predi cts

the current profile or the work being machi ned, the contact point
bet ween the tool and the work 5 and the weight of the work, fromthe
machi ning profile data la, the workpiece data Ib, the profile and
di mensi ons: of the tool, the tool holder and the forward end of the

mai n spindl e determined by the machining
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process determning unit Sa, and the pick feed rate and 10 the tool path

det er m neMORBMIFBAl cul ated by the tool path gener at i N@c4rbs/lar4

Al so, the machining state sinulation unit 7a predicts the | oad
inertia of the work based on the predi cted work wei ght change and the
machi ni ng conditions 15 determ ned by the machi ning conditions

det er m ni ng ' unit Sc. The predicted load inertia is applied to the
nunerical control unit 9 for correcting the paraneters of t he servo
system 9b of the nunerical control unit 9. In the case where
what is called an "air cut" is 20 predicted in which the work fails to
be cut by the tool novi ng al ong a given tool path, based on the

predi ct ed contact point between the tool and the work, then the

machi ning state sinulation unit 7a sends data informng t he machi ni ng
conditions determning unit 5c of the fact. 25 I n response, the
machi ni ng conditions determ ning unit 5c can give a conmand to the
nunerical control unit 9 to nge he=tpol al ong the tool path at a
maxi mum feed rate l gj.e7lg

Yo



through the air-cut predicted area. The machi ne behavi or, .

si mul at {;Q§odifpsd; 70 predicts the 30 thermal deformatio chi ne

tool 11 base 5ggnthe data on the thernal defornatigﬁﬂ%ﬁggggfgristic
of the machi ne agai nst the tenperature stored in the nmachi ne

dat abase 3a and the tenperature data supplied fromthe tenperature

sensor of the sensor unit 13. Also, the 35 machi ne behavi or sinul ation
unit 7b predicts the def ormati on of the machine tool 11 due to the

wor k wei ght based on the work wei ght data predicted by calculation in
- 17 -

23b

Fig.8A

"o



t he machi ni ng state sinmulation unit 7a and the def ormati on
characteristic data of the machi ne under the wei ght of r
stored in the nachi ne dat abase 3a. The morkpieceuﬁﬂ¥§é§%4EQQMﬂt

7c receives the 5 machi ning profile Jatala and the wor kpi ece data |b
from t he i nput database 3f, and receives, fromthe tool/hol der

dat abase 3b, the dinensions and profi |, the t ool hol der,
and the forward end of the nain spin§g§d¥Fﬂﬁﬁ?eternined by the nachi ni ng
process determning unit 5a. 10 Further, the workpiece sinulation unit
7c L ece;I veﬁ t he y fm%ﬁﬁﬁﬂﬁcatsmkd% ﬁ#ﬁztaﬁﬁi'gg ARB PACKTLERd fgs@”“t“t gebt ool
path and the pi eed pat.h per ade determ ned an cal cul ated by
the tool path &Eﬂ%qﬁ%?ﬁ 5b, and al so recei ves the rotational

speed of Bhe main spitndipresehtt HmvEntior eed ataise tabetae intawh Ibappaeratus
machi ni ng condigd . .d m_nj Yo | TR ol o T =TT T I.on
unit 7c pérdedir'IEES:tmsacbhylnce a?écog{laﬁq‘dﬁn %a%c%lglr%r?gd irlﬁltse pr (?fc}?t P(%l(?fl ﬁ&n é%the
wor k bei ng nmaclantradt anparatfe @ndy&s adcdinehdagdt aherein, by

supplying a raw workpiece and inputting data regarding a

machining profile of a final product (hereinafter
10 referred to as machining profile data), the workpiece to
be machined is machined according to the machining
profile data so that a final product can be fabricated.
Background Art
In the conventional method of machining a workpiece
15 by a NC machine tool, the first step is to prepare a
drawing representing the profile of a product to be
machined. A programmer determines the machining steps
from the drawing and creates a NC program manually or by
an automatic programming unit. An operator inputs'the NC
20 program into the NC machine tool while, at the same time,
setting up the workpiece on the NC machine tool manually
or by using an automatic workpiece changer. Then, the
cutting tool to be used is preset, and the amount of tool
offset is defined. The cutting tool is then mounted in
25 the tool magazine of the NC machine tool. After that,
the NC program is executed thereby to machine the
workpiece and fabricate a product. Various inventions
have hitherto been developed with the aim of automating
these steps as far as possible and reflecting the know-
30 how accumulated by programmers and operators on the
machining steps.

First to be cited is an automatic programming system
disclosed in Japanese Unexamined Patent Publication
(Kokai) No. 4-~315550. This system comprises profile

35 recognition means for extracting a machining profile from
the data representing the machining profile of a
workpiece, a machining conditions memory for storing



recei ved fromthe database, and applies the result of 20 predictive
cal culation to the machi ning state simulation unit 7a and the nachine
behavi or sinulation unit 7b. The, t ool behavior sinulation unit
7d predicts the trip and the run-out ©f~ the tool fromthe data on the
rachi ning | oad predicted by the machining state 25 simulation unit 7a
Fespect to the der bRy dohligiong . W BERT HATREE A oo,
the tool behaviggnditionssisefitdriomaans fak peddinatsidal lgalsstitdnon the wear
?inge st or eéh?n%ingiggwdrﬁ%ﬂei?{bdg{oa ag‘;eitd:%gJ %{ﬁ@%ﬁ% %n@rﬁlﬁﬁn I oadf °o!
the machi ni ng COMHGIGNS Memape cfis Pakesult, masitHaGEdHitiens an
predi ct edsby t e naRahifidigeaid 1y withdut!lidid eanddll offbrabion R
st Ut on |5 JSURETIR? macun Sl W P b o e Wl
whi ch postindmatind arhearminend exears whicels toftieghtaquaripany atanual
ot her portionsb6%¥g¥%é%1éﬁfz% 'f%%‘%iéﬁié¥§é¥“m‘éﬂ¥hfﬁg operation
possible. Further, the load on the operator and the time
10 required for the operator to tend to the machine are
reduced. |
A second conventional machining system is disclosed
in Japanese Unexamined Patent Publication (Kokai)
No. 4-138504. 1In this system, data on a workpiece
15 including the material, surface roughness and the
dimensional accuracy are stored beforehand and machining
conditions are determined by a first neural network. The
machining conditions can be corrected by the operator.
This system further comprises learning means which, after
20 an actual machining operation, corrects the machining
conditions based on the machining result to produce
corrected machining conditions while at the same time
correcting the weight of the first neural network. The
system furthermore comprises adaptive control means
25 including a sensor for detecting the sparks, sound and
the force generated during the machining process, and a
second neural network supplied with the data from the
sensor as temporal data in which the data is averaged
with a predetermined time margin to detect the machining
30 conditions at the moment thereby to correct the machining
conditions dynamically. Even without a skilled operator,
therefore, the workpiece can be machined under optimum
machining conditions.
A third conventional technique concerns a method
35 using the numerical control disclosed in Japanese
Unexamined Patent Publication (Kokai) No. 9-26811.
According to this method, a machining process and a



- 18 - the wear, the expiry of the service life of the tool is

judged fromthe predictive cal cul ati on of the wear. Further, the tool
sensor -of the sensor unit 13 corrects _ o the prediction val ue based on
the change in the tool 5 profile (dianéﬁer, | ength, center position,
orientati on, etc. of the tool) while turning. The trip

Dene o Vie ol Codh WIS ipasy SERRNR I MRS ' 2

In the case simplified input databased on the registration of various
information files, the input of machining pattern data,
the processing of a finish pattern, pattern recognition

5 and the determination of the machining process. In this

way, & machining area and machining steps high in
production efficiency are selected, and tools, machining
conditions and a tool path most suitable for the input
patterns are determined. Both the production efficiency

10 and the machining accuracy are improved further by post-
machining measurement and correction.

Techniques are well known for automatically creating
a tool path from the profile data of a product to be
machined. An NC program can be automatically prepared by

15 adding various machining conditions to the profile data.
According to the first prior art described above,
machining conditions are selected from a database in
accordance with a predetermined algorithm based on the
profile data of the product to be machined. These

20 machining conditions can be considered static ones. 1In
contrast, the second prior art is such that machining
conditions which undergo a constant change are detected
by a sensor, and the machining conditions set based on
the detection result are adoptively controlled using the

25 learning function of a neural network, so that dynamic
machining conditions are determined in accordance with
ever-changing machining requirements. The first and
second prior art emphasize the automatic determination of
machining conditions.

30 In the third conventional method, the operator
inputs data, and machining conditions are automatically
determined using a technique similar to the first and
second prior art. In addition, automatic determination
of a cutting tool and a tool path combined with a

35 technique of measurement and correction after machining
to finish an intended product without human labor.

These conventional techniques are based on the



10 where the predicted tool trip is larger than a pr edet er m ned

.value, the tool generating unit 5b generates a tool path taking the
tool trip into account. In the case %pere a large machining load is
I nposed for rel atively noving the work "and the tool to each other in

15 t he hori zontal dlrectlon for exanple, the tool is deformed in

such a way as NoINg ' v
Therefore, the%%§®5§%c%% %@ ?gcmqqnﬁbngﬁghéﬁgEgggfﬁi?%%b%nﬁg % behi nd
the coor di nat e PyodusEion Effﬁﬁﬂﬁn§ﬁ byl £eedbagkr eogmrectipa pdedheate is

required to 20 macHi®i¢ef Al iohsSUBh ta ndRN A8 chiddly EBer%%ﬂW%%daeﬁdg%L the
tool on the main spindle nn¥¥§ tg a predeterm ned |n|nﬁ .position

in order to pelSCREASY r &G §5flclencﬁh@ﬁ?ﬁﬂﬁé“@p@F&FF@ﬁ X BEGRiGEELSsi on

machi ni ngs ma@pﬁrrawgo&et;msceh@mﬁeanﬂoa&wmlnaig a tool Pawh and splay
unit 17 wll be _exnl ained uni t %7C cludes an i mage

processi ng uni n&ﬁ@ condltéoﬁﬁnPFSFdlgﬁ &EhP§$ % The di splay unit
17 can dissicdypsture wdc thei Agvandédont he nachi ni ng pattern,_the

An object of the present invention is to provide a

machine tool control apparatus and a machining system
10 including the control apparatus and a machine tool, in

which an intended product can be automatically machined

at high efficiency while meeting the precision

requirements in response to only profile data on the

product to be finished and data on the workpiece to be
15 machined.

Another object of the invention is to provide a
machine tool control apparatus and a machining system
including the control apparatus and a machine tool, in
which machining requirements are predicted and a tool

20 path and machining conditions are determined
automatically in conformance with the predicted machining
requirements, thus making possible a high-precision,
high-speed machining process.

According to a first aspect of the invention, there

25 is provided a machine tool control apparatus supplied
with machining profile data for machining a workpiece,
comprising input means for inputting workpiece data
including machining profile data on a final workpiece
profile and the material and the profile of the workpiece

30 to be machined, data storage means for storing at least a
selected one of machine data representing the
specifications of the machine tool used for machining the
workpiece and tool data representing the specifications
of the tools held in the machine tool, and tool path

35 determining means for generating a tool path for
machining the workpiece and determining the conditions
for machining the workpiece such as the rotational speed



proflle and the serial nunber-of the tool, etc. 30 determned in the

fmachi ni ng process determning unit 5a of the tool path determ ning
unit 5.- The inmage processi ng unit 173 receives the data on the
curvature, the inclination and the dé&pth of the machining area from

the machining process deternining unit 5a and can 35 generate the data

for displaying o‘i’a‘i:'ﬂ ALGan @ﬁﬁ‘?xdle and %H%B 'egnﬁjalt% £ @hxffﬁ%%'?ﬁn%"lt%ﬁ

Further, thoug ure | magé processi ng
- 19 - based on the data stored in the data storage means.

According to another aspect of the invention, there

is provided a machining system supplied with the

5 machining profile data for machining a workpiece,
comprising: a machine tool for machining the workpiece;
input means for inputting the machining profile data on
the final profile of the workpiece and the material and
profile of the workpiece to be machined; data storage

10 means for storing at least a selected one of the machine
data representing the specifications of the machine tool
for machining the workpiece and the tool data
representing the specifications of the tools held in the
machine tool; predictive calculation means for predicting

15 at least a machining load or interference between a tool
and the workpiece based on the data input from the input
means and the data stored in the data storage means;
machining process determining means for selecting a tool
and a machining pattern and determining a machining

20 process based on the data input from the input means and
the data stored in the data storage means; tool path
determininéJmeans for generating a tool path for
machining the workpiece and determining the conditions
for machining the workpiece including the rotational

25 speed of the main spindle and the feed rate of the
machine tool based on the tool, the machining pattern and
the machining process selected and determined by the
machining process determining means, the result of
predictive calculation made by the predictive calculation

30 means, the data input by the input means and the data
stored in the data storage means; and numerical control
nmeans for controlling the operation of the machine tool
according to the tool path and the machining conditions
generated and determined by the tool path determining

35 neans.
Brief Description of the Drawings

Figure 1 is a block diagram showing a machine tool



unit 17a is connected to the database 3, the predictive cal cul ation
unit 7, the nunerical control unit 9 and the sensor unit 13 and thus
can display the information from each_of these conponent parts
graphically or as a text. 5 The di spl ay finft 17 can graphi cal l'y displ ay,
for exanpl e, the result of the check for the work-tool interference

based on the daggngro theagggdictive ﬁggéuLation i Furt her,
d

e
the data on the“WAEATNHI A accu?%c?cfﬁﬁ Pp3i emoo ﬁ%eﬁ%c%FnF%% profile

data la input ténvéstieput 10  database 3f and the work profile _
reasurerent data  pigQPbahned hipibex SEOAOLathodfnGo) BEcsbepbaved in
conparison with each ofher. Al'so, as described already; it 1s
possi bl e to graphi caFigusespl 4§ ahkleoktdbagnamt phowing awePRl rea®lni ng
uncut by & machjata8smpatfgaypi€ing the 15 wor k-t ool interference.

The operation accordingyto gn_enbo | rent of the I nvention wll be
descri bed. ' Figpret? 1%efo %?%EB?rFn%%?sat%%chﬁﬁh?%iPEPﬁﬁﬁﬁiIe
data | a and thedapéekpirtRgdahdtl b fromthe input unit 1

Figures 5A to 5H are diagrams schematically showing
the types of machining patterns.

10 Figure 6 is a block diagram showing a predictive
calculation unit.

Figures 7A and 7B are schematic diagrams for
explaining a method of determining a machining area.

Figures 8A and 8B are schematic diagrams for

15 explaining the effects of the invention, in which
Figure 8A shows a profile drawn based on the machining
profile data input, and Figure 8B is a diagram for
comparing the results of machining by use of a control
apparatus according to the invention and the prior art.

20 Best Mode for Carrying out the Invention

Embodiments of the invention will be described with
reference to the accompanying drawings.

Figure 1 is a block diagram showing a control
apparatus 100 for a machine tool according to an

25 embodiment of the present invention.

The control apparatus 100 includes, as main
components thereof, an input unit 1, a database 3, a tool
path determining unit 5 and a predictive calculation
unit 7. Though not shown in detail, the control

30 apparatus 100 can be configured of a CPU, a RAM, a ROM,
an input/output interface, a data memory and a
bidirectional bus for connecting these component
elements.

The operator inputs the machining profile data la of

35 a product to be machined from an input unit 1. This
machining profile data la can be, for example, electronic

pattern information such as CAD data. Also, the



20 into the database 3. Accordi 'ng to the machining profile dat a

la and the workpiece data | b thus input and the data stored in the
dat abase 3, the tool path determ ning _ o unit 5 selects and determnines a
machi ning area, a tool, a machi ni ng r?attern and a machi ni ng process.
Then, a tool 25 path is determ ned by the tool path generating unit 5b
of the toflcmalihgehe i Macinia InciWleBR e BY the matidlikicons
by the nachi ni ngccond'l tgld ns f?ete% lr“%ll r}g n unit bc. e r?acrzuﬁal ne tool 11

i s driven undecchgwasanengl the surdpcenaomghassal control unit 9 according
to the machine 30 o ii\‘%\ﬂ:at\ﬁl_iit”@ U@ R @lpplaltl ¥4t RRriRakice ng
condi tions generated.and determned. In this way, .the work i.s
machi ned and a%éﬁiﬁiH‘HQQWﬁqHQQ1 ta on the profile,ang, fhespaterdal of
predictive cal aleatioakpiricie £o be matiie®d Foromakdalgc thet paosiucar. The
pred et 09, e a0 i, 3 SR WIS AR S0 SRR AER, 02 o
by the oper at oprofdheshefi et fukittingsand igise sushi ags pallets, etc. for
mounting and fixing the work on the machine tool 11, the
mounting position on the machine tool 11 and the mounting

10 position of the workpiece to be machined on a jig. The
input unit 1 includes not only a keyboard but also such
information media as a floppy disk and a magneto-optical
disk, driving units thereof and an interface to a network
which stores the data.

15 The data .input by way of the input unit 1 are stored
in the database 3 functioning as a data storage means.
The database 3 includes a machine database 3a, a
tool/holder database 3b, a machining conditions
database 3c, a material database 3d, a NC/servo

20 database 3e and an input database 3f. The database 3 can
be configured of a data storage unit such as a hard disk
drive or an optical disk device. The machine
database 3a, the tool/holder database 3b, the machining
conditions database 3c, the material database 3d, the

25 NC/servo database 3e and the input database 3f in the
database 3 can be configured either as different data
storage units or can be incorporated in a single data
storage unit partitioned into a plurality of areas
assigned the databases 3a to 3f, respectively.

30 With reference to Figure 2, the data stored in the
machine database 3a include those on the stroke of each
feed shaft, the maximum rotational speed of the main
spindle, and the maximum feed rate of the machine
tool 11, and the deformation characteristic of the

35 machine tool 11 with respect to temperature and the
deformation characteristic of the machine tool 11 due to
the weight of the work. The data stored in the



- 20 - data stored in the database 3. The result of predictive
calculation is applied to the machi ning process determ ning unit b5a
of the tool path determning unit 5. tool, a nmachining pattern and
a machining process are 5 thus determried in the predictive cal culation
unit 7 according to the result of predictive calculation. In

simlar fashion A58 tﬂs £ | t4,0f. | Gl . G | &t i in the
predictive cal cqzu at'i o%c_fuar%l t ,abgdss;éo&b 1:1@1%@6%[ ﬁ\é%sla&etneurm%aénrce\sg % t’?%e t ool
path generating-afdis, Simgnsiens anse theolshamen afettheniteiodg hediders and
machi ni ng condifdt¥Sal and life of the tools, the trip characteristic

and the run-out characteristic of the tools under load,

5 and the dimensions and shape of the forward end of the
main spindle. The data stored in the machining
conditions database 3c include the amount of feed and the
amount of cut per blade, the pick feed amount, whether
‘coolant is used or not, the machining pattern, the

10 partitioning data for dividing the machining surface into
a plurality of machining areas, and fundamental data for
selecting an optimum tool for machining a given machining
surface. The data stored in the material database 3d
include the type, hardness, tensile strength, modulus of

15 elasticity, etc. of a material. The data stored in the
NC/servo database 3e include specifications, setup
parameters, time constant of the servo, and the gain of
the numerical control unit. The input database 3f has
stored therein the machining profile data la and the

20 workpiece data 1b input from the input unit 1.

The data stored in the database 3 are at least one
of the data input arbitrarily by the operator, the data
registered in the machine tool 11 and the data stored in
a predetermined memory.

25 The tool path determining unit 5 will be described
with reference to Figures 3 and 4.

The tool path determining unit 5 includes a
machining process determining unit 5a, a tool path
generating unit 5b, a machining conditions determining

30 unit 5c¢ and a correction unit 5d described in detail
below.

First, the machining profile data la and the
workpiece data 1b stored in the input database 3f are
sent to the machining process determining unit 5a

35 (step S11). Based on these data, the machining process
determining unit 5a recognizes the profile of the

machining surface of the workpiece to be machined and the



by the machi ning conditions determning unit 5c. As descri bed

above, according to this invention, various cal cul ations are carried
out in -advance by the predictive calculation unit 7 for predicting
the 15 machi ni ng | oad, the i nterf er ence et ween the work and the

tool, etc. based on the machining profile data |a and the wor kpi ece

data |b input fromthe.,input .unit. 1 th dat.a stQ INn the
dat abase 3. Inw&%ﬂertom&edgflnl}#}}ekde’ i#}%n’ q:ht%énafrhll%lrlnegr tpﬂl’(%% s|nch a work
is first machi detefmtindwe @Gt Sapadutiddtanen thed rfasddiealg cfunfiesendattioni ng

requirements g pldhAAde i ih G d:dlad WA GPXHY I AR Iohe L he

met hod accordingto the present inventlon starts wt predictive
cal cul ations, dmfkimeticnanddenth pfedhg speface tq e maghigeed a8 f ed

forward apd usefidfRiceiiidiidt@edsdatfed oniile suifite igartiriiRnlie data
rRCh 1109 T AUl Ll 9 15 magh i Sl i S B e e 2
opti m zed and tdexomprilzeshproe irtsec i fh athenntdr hirghaeurfane (step &1B )nove
qui ckly than i@&kﬂﬁ @gdﬂ'éﬂgng the fundamental data and the machining
patterns stored in the machining conditions database 3c
10 for selecting an optimum tool for machining surfaces, the
machining process determining unit 5a selects an optimum
tool and an optimum machining pattern for machining each
machining area in accordance with each surface parameter
thereof (step S15). In the case, where a steep slope is
15 machined with a scan path for example, the tool would be
overloaded or develop a shimmy. In order to prevent
this, a machining path along a contour is selected for a
steep slope. At the same time, the data on whether a
cooling is required to be supplied or not is introduced
20 from the machining conditions database 3c. Then, the
order of machining the respective machining areas is
determined (step S17).
Examples of machining patterns are shown in
Figures 5A to 5H. Figure 5A shows a scan machining path,
25 and Figure 5B a contour machining path. Figure 5C shows
a scan machining path, i.e. what is called the character
line machining path, intended to improve the cutting
efficiency by setting only the portion having a work as a
machining area, and Figure 5D is a radiation machining
30 path centered at about a point O. Figure 5E shows a
contour machining path for a work having a substantially
predetermined stock allowance from a final profile of a
material such as cast iron which is cutting a
predetermined amount each time along the direction of the
35 nornmal to the final profile by progressively offsetting
the work, and Figure 5F shows a scan machining path for a

work having a substantially predetermined stock allowance



30 As can be seen fromthe foregoing description, accordi ng
to this invention, the operator inputs only the profile data on the
product to be machi ned and the data _ the profile and material of
the work to be | oaded and machi ned. us, the operation of machining
a work 35 meeting the precision requirenent can be automatically

performed withigg Sl |gaRtin Ol ia”?la%%ﬂaﬂr%‘&%?ﬁ as cast"88Jmg the
required accuracy Is executed automatica

- 21 - whigh &8 dired t%@et&%ﬁ@eéiy@“@p‘éﬁt €56h F&M® and under

progressively along the direction of the normal to the
final profile thereof.

5 Figure 5G shows a contour machining path intended to
improve the cutting efficiency by defining a machining
area only at the portion covered by a work, and starting
the machining operation with the portion covered by a
work or decreasing the pick feed rate when the work

10 approaches a final profile, for example. Figure 5H shows
a machining path, in which the boundary of a machining
area is overlapped automatically with an adjacent
machining area, and the tool is retracted over the
overlapped portion smoothly thereby to prevent a

15 misalignment at the boundary. For example, the tool
begins to be moved along the normal from a relief point a
predetermined distance off the tool path associated with
the size of the particular tool toward the machining
area, within which the tool is moved along the tool path

20 corresponding to the size of the particular tool to cut
the machining area. These machining patterns are stored
in the database 3 in a form reflecting the accumulated
know-how in such a manner that a desired machining
pattern can be selected for a corresponding surface

25 parameter such as the curvature, inclination and depth of
each machining area. The shown machining patterns
represent only several examples to which the present
invention is not limited.

The data determined in the machining process

30 determining unit 5a on the machining area, the tool, the
machining pattern and the machining sequence are sent to
the tool path generating unit 5b. The tool path
generating unit 5b determines optimum values of the feed
rate per blade, the depth of cut and the pick feed length

35 for machining a particular work from various amounts of
these parameters stored in the machining conditions

database 3c in correspondence with the data on the



pfoper machi ni ng condi ti ons. An exanpl e conpari son between the

prior art and the present invention is shown in Figures 8A, 8B. In
the 5 case where the machining profile t abased on the draw ng as
shown in Figure 8 is input, according to the prior art, assune that
the feed rate of the tool is kept so hi gh that the work i s nmachined
at 6 mmn, fo'ina@fﬁ.'ﬂiln% area, th@ I%%bflor WnRg mtal%?u?i&?x@' PaREeHRE" 2hieON-
Corners are often_10 unde5|rably ul'l ed as shown one-dot chain in

Figure 8B ~ WOrHRdeS&r tadhs él’esR@n%&lﬁylﬁé‘f'eit@ﬁcgaﬁé‘rr@%@ez% 23b)

and the radius nﬁfte(i‘lih\labﬂ & hieS woltktplieaed tot be pachifed, storddsiignahed by
nunmeral 23c). Furt car di,ng ' art, in_,the, ase wher e

to.th ri
the tool is fed™®% 8a§a se 3&iry Bt gsgnéi@t&t% ighes?}é@ﬁ £RASLAE
roundness5i s strengedr easlethodalalsomi kyastierisly 23dthe mlaeteu:hladksasseids

| noreased as shoun by pgurenah BEaphbal e ! 9R11L°8Y EREC sane cilid "educed

hi gh- pr eci si on 9eReFRHLNG @péPQﬁl@ﬁtésaﬁﬁoﬂangk fepg @@ﬁbral@h23$0023g
becomes possi blath AaGOkBENSitR ¥Be8 path are generated according to

the formula stored in the machining conditions

10 database 3c. '

In place of the machining process determining
unit 5a selecting and determining the tool, the machining
pattern and the machining process, the operator can
arbitrarily input the data on the tool, the machining

15 pattern and the machining process.

Then, the machining conditions determining unit 5c
determines the rotational speed of the main spindle and
the feed rate of the machine tool 11 from the feed rate,
the cut rate and the pick feed rate per blade based on

20 the result of the calculation input from the tool path
generating unit 5b, while at the same time applying a
tool change command for each step of the process and a
command for inserting a step of measurement by a sensor
unit 13 described later to a numerical control unit 9.

25 The correction unit 5d issues a correction command
to the tool path generating unit S5b or the machining
process determining unit 5a based on the result of the
predictive calculation input from the predictive
calculation unit 7 described later.

30 Instead of determining the machining conditions in
the machining conditions determining unit 5c, the
machining conditions arbitrarily input by the operator or
the machining conditions stored in a predetermined memory
can be used with equal effect.

35 The numerical control unit 9 generally includes a
well-known NC unit 9a and a servo system 9b having a
servo motor and an amplifier for controlling the



i nventio

n,

in contrast, as shown by solid line in Figure 8B, the

above- nenti oned i nconveni ence i s not caused even when the machi ning
operation is perforned with the tool ?egt fed at high speed. This can

be 25

achi eved only by reason of the fac

that the predictive

calculation unit 9 calculates a predicted value of the machi ni ng | oad
and checks for f&ﬁ&@&m%m@w%@fgh pindle td@'u@%éé}ﬁﬂw%dlntﬁfvance

and that various data st ored

utilized.

10

15

20

25

30

35

dat abase 3 are appropria
Specifjirally, the NC unit 9a generates a comman

moving each of the X, Y and Z feed shafts based on the
tool path data and the machining conditions data, as is
well known, while at the same time issuing commands for
starting/stopping the main spindle, turning on/off the
coolant, automatically changing the tool and _
automatically changing the pallet, etc. of the machine
tool 11. The servo system 9b, in response to a move
command from the NC unit 41, controls the servo motor of
the feed shaft. In this way, the machine tool 11 is
controlled by the numerical control unit 9.

The machine tool 11 is well-known equipment such as
a machining center having an automatic tool changer, for
example. The machine tool 11 comprises a sensor unit 13
including machine sensors having a temperature sensor
such as thermistord for measuring the temperature of
various parts of the machine such as the column and the
bed, the coolant and the enviromment in which the machine
tool 11 is installed, and an ampere meter for measuring
the current value supplied to the motor of the machine
tool 11, a tool sensor for measuring the length, diameter
and the profile of the forward end of the tool mounted on
the machine tool 11, and a work sensor for measuring the
profile of the work being machined. The values detected
by the sensor unit 13 are sent to the predictive
calculation unit 7 described later. Further, the tool
length, the tool diameter, the wobble of the tool in
rotation, the off-center, etc. measured by the tool
sensor of the sensor unit 13 are sent through the data
correction unit 15 to the tool/holder database 3b of the
database 3. Thus, the contents of the database 3,
especially, the friction characteristic, the service life
and the wobble characteristic of the tool are corrected
and updated.

Also, the temperature of various parts of the
machine body, the coolant temperature, the temperature of



CLAI VB 1. A machi ne tool control apparatus, with

prachi ni ng proflle data input to nmachine a work, characteri zed by
conprising: 5 i nput nean fgr i nputting machi ni ng

profile data on the final profile of a work™and workpi ece data on the
material and the profile of the work before bei ng machi ned;

data storage nqg?§ pe:Todg] éﬁﬁgg

speci fications o saléfﬂﬁﬁﬁ¢g Iﬁééghﬁ%ﬁ qjkﬁﬁ%g sal d work aéﬁ%n
speci fi cations Fickyded in themeehpnissls sansPy PE4he MM Wwod ;13nd

tO_OLI patE get e(rjamem : 1%11\&}{&11 rt@{eatda]gtga corred@lt&plurﬁai ho Qifodf’ﬁiﬁahl SI ng
sai 9 vork based S LIE SR 1a P Ynd (PR AL IO, TS pd the data
i ncl udi ng5t he rnd]aiumqioxs:penﬂ off ﬁHmmhrmoldeabamw 3a is ddyerdotedi rate
of .sai d machi near{d)%pdétoéd.nagm rHrp%ﬁ%lquative., -\@{é('positioning error of
the machine tool 11 in operation is calculated from the
machining error measured by the work sensor of the sensor
unit 13, and applied through the data correction unit 15
10 to the machine database 3a of the database 3, so that the
corresponding portion of the machine database 3a is
corrected and updated. It is also possible to employ a
method in which the machining error measured by the work
sensor of the sensor unit 13 is sent to the correction
15 unit 5d of the tool path determining unit 5 for
generating correction data from the machining error data,
and a corrected tool path is generated by the tool path
generating unit 5b for re-machining.
Now, the predictive calculation unit 7 will be
20 described with reference to Figure 6.

The predictive calculation unit includes, as main
component elements thereof, a machining state simulation
unit 7a, a machine behavior simulation unit 7b, a
workpiece simulation unit 7c¢ and a tool behavior

25 simulation unit 7d.

The machining state simulation unit 7a receives the
machining profile data la and the workpiece data 1b from
the input database 3f, and the dimensions and the profile
of the tool, the tool holder and the forward end of the

30 main spindle determined by the machining process
determining means 5a from the tool/holder database 3b.
Further, the machining state simulation unit 7a receives
the feed rate, the cut rate, the pick feed rate, the tool
path and the pick feed path per blade determined and

35 calculated by the tool path generating unit S5b and also
receives the rotational speed of the main spindle and the
feed rate determined by the machining conditions



20 2. A machi ne tool control apparatus according to claim

-1, further conprising: predictive cal cul ati on neans
for predi cting by calculation at |edst -a selected one of a

machi ning | oad and interference between a tool and a work 25 based on
‘the data input fromsaid i nput neans and the data stored in said data

storage neans.determining SPltAﬁﬁaching tool control apparatus according to
claim1, wherein thehdamachinifg sbatel didalatsbnraget 7a, bsEaps i ncludes

at |least a selected.one, of the, data input 30 . arbifrarj he
operator, the ﬁgFﬁgfggigﬁgr@ﬁcpﬁnéﬁgdpgocessnaﬁh?new 3BILg%dg¥ﬂi nath
stored bef orehdetlermining unipr Bdéiestri gedenehesyantans. path or the 4. A

machi ne tpol copipol EQH%&%&U%&E@QWEHQ £80;[1 Fhecgaw ﬁo%&@?r&:ntﬁéi d
tool path detern1n(n§ means selects’ 3 _"a_tboland a machining pattern
and includes néervarfgend of phecwaindepépdiai hptaciasesovitbt then WPEl a

machi ni ng duPif§€EBe machining operation based on the machining
profile data la, the workpiece data 1lb, and the profile
and dimensions of the tool, the tool holder and the

10 forward end of the main spindle, the tool path and the
pick feed path. 1In the case where interference is
predicted during the machining operation in a given
machining area, the machining state simulation unit 7a
instructs the machining process determining unit 5a to

15 define the same machining area as a no-machining area.
In the case where the particular no-machining area can be
machined by another tool or in the case where the
machining pattern of the no-machining area can be
changed, then the machining process determining unit 5a

20 changes the tool or the machining pattern, as the case
may be, determines the machining area, the tool, the
machining pattern and the machining sequence afresh, and
sends the result to the tool path determining unit 5.
Then, this process is executed again. In the case where

25 the tool or the machining pattern cannot be changed, on
the other hand, the machining process determining unit S5a
sends the machining sequence with the no-machining area
removed from the machining process to the tool path
determining unit 5.

30 An example of a method for determining a machining
area will be explained with reference to Figures 7A, 7B.
Assume that an area 2la free of interference with a given
tool is predicted by calculations in the machining state
simulation unit 7a and that an area that can be machined

35 by the particular tool can be defined as an area 21b
having a surface inclination of 66 degrees or less
(Figure 7A). The portion overlapped by the two areas is



- 23- 5. A machine tool control apparatus according to

«claim4, wherein the tool, the machining pattern and the ~machi ni ng
pfocess sel ected and determ ned by said _ 1 _machi ning process determ ning
neans are the data 5 arbitrarily input By t he operator. 6.

A machi ne tool control apparatus according to claim 2,

wherein sai d {ople AASIPLA! T WAh R area 218 Qlgu 1AAD), and a
machi ni ng pattern and | ncludes 10 chi ni ng process deter'mni ng nmeans
for determ ning a The machining process determining unit 5a can
alternatively define a range to be machined as a portion
overlapped between the machining area determined by
5 checking for interference between the tool and the work
as in the method shown in Figures 7A, 7B, the machining
area arbitrarily determined by checking the machining
profile data la input from the input unit 1 for any
interference between the work and the tool and the
10 machining area determined according to the surface
inclination, the surface curvature and the depth included
in the machining profile data la input from the input
unit 1. '

The machining state simulation unit 7a further

15 checks, in real time, for a similar interference also
after the machining process has started. 1In the case
where interference between the tool and the work is
predicted as a result of the check, a data indicating it
is applied to the tool path generating unit 5b. The tool

20 path generating unit 5b calculates and generates a
machining route avoiding the interference such as along
the Z-axis.

Also, the machining state simulation unit 7a
predicts an internal-angle portion of the work being

25 machined, based on the machining profile data 1, the
workpiece data 1lb, the machining pattern and the tool
path while the actual machining work is going on. The
result of prédiction is applied to the machining
conditions determining unit 5c, which generates machining

30 conditions for decelerating the tool feed rate at the
internal-angle portion.

Further, the machining state simulation unit 7a
prédicts by calculation a machining load from the
workpiece data 1lb, the feed rate, the cut rate, the pick

35 feed rate and the tool path per bite determined and
calculated by the tool path generating unit 5b, and the
rotational speed of the main spindle and the feed rate



machi ni ng process, and wher ei n said machi ni ng process
determ ni ng nmeans sel ects and determnes a tool, a nmachining pattern
and a machi ning process based on the data égput fromsaid 15 I nput
means, the data stored in said data storage neans and the result of
predictive cal cul ation by said predictive cal cul ati on neans.

7. A machine b ARRRY d wher ei n
t he machi ni ng t((:fog}l t| onscpc?fer m %Ieagﬁlbl%%y (yd?lglé‘ttgotngol eggtrﬂd (rﬁll]eltJn rm ni ng
neans are at | é’dé‘tt 2%e| drddermore 'Oﬁéleoﬁuwmsﬂ S iEtdan v by

the operator anrghithga predidiisa t&ieorc@riﬁéei‘tomqé @xatpfeewz&r lBe'l@@ rrermry
nmeans.
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nmeans, the tooldaq__%} tlageq:%ra qﬁkgl@%e ata 1%Sui}thtehgr%rfeql ct | Ve cal cul ation

by sald predi ctive tion ans dn 00 RS machi ni ng
pattern Mmmmﬁﬁltﬁ@ r;IO@dessﬂw@elt@@tledwén@Id@t@r mmeciomyvam d

end of the main spindle determined by the machining
process determining unit 5a, and the pick feed rate and

10 the tool path determined and calculated by the tool path
generating unit 5b.

Also, the machining state simulation unit 7a
predicts the load inertia of the work based on the
predicted work weight change and the machining conditions

15 determined by the machining conditions determining
unit 5c¢. The predicted load inertia is applied to the
numerical control unit 9 for correcting the parameters of
the servo system 9b of the numerical control unit 9.

In the case where what is called an "air cut" is

20 predicted in which the work fails to be cut by the tool
moving along a given tool path, based on the predicted
contact point between the tool and the work, then the
machining state simulation unit 7a sends data informing
the machining conditions determining unit 5c¢ of the fact.

25 In response, the machining conditions determining unit 5c
can give a command to the numerical control unit 92 to
move the tool along the tool path at a maximum feed rate
through the air-cut predicted area.

The machine behavior simulation unit 7b predicts the

30 thermal deformation of the machine tool 11 based on the
data on the thermal deformation characteristic of the
machine against the temperature stored in the machine
database 3a and the temperature data supplied from the
temperature sensor of the sensor unit 13. Also, the

35 machine behavior simulation unit 7b predicts the
deformation of the machine tool 11 due to the work weight
based on the work weight data predicted by calculation in



30 machi ni ng process determ ning nmeans. 9. A machine too

control apparatus according to claim1, further conprising machini ng
profile measuring means for neasurinﬁgthe profile of a product
machi ned, wherein the result of thé& méaSurenent is fed back to said

35  tool path determ ning means thereby to correct the tool pat h

For s Provi NG e TREDK T Mg L4 8 Yiqu1az ion unidC7aaABeBhge tool control

- 24 - defornebionheharacterisoit edata o3 f t bee madihire dandestohed
weight of the work stored in the machine database 3a.

The workpiece simulation unit 7c receives the

5 machining profile data la and the workpiece data 1b from
the input database 3f, and receives, from the tool/holder
database 3b, the dimensions and profile of the tool, the
tool holder, and the forward end of the main spindle
determined by the machining process determining unit 5a.

10 Further, the workpiece simulation unit 7c¢ receives the
feed rate, the cut rate, the pick feed rate, the tool
path and the pick feed path per blade determined and
calculated by the tocol path determining unit 5b, and also
receives the rotational speed of the main spindle and the

15 feed rate determined by the machining conditions
determining unit 5c. The workpiece simulation unit 7c¢
predicts by calculation an intermediate profile of the
work being machined at each moment based on the data
received from the database, and applies the result of

20 predictive calculation to the machining state simulation
unit 7a and the machine behavior simulation unit 7b.

The tool behavior simulation unit 7d predicts the
trip and the run-out of the tool from the data on the
machining load predicted by the machining state

25 simulation unit 7a and the data on the trip and the run-
out characteristics with respect to the tool load stored
in the tool/holder database 3b. Also, the tool behavior
simulation unit 7d predicts by calculation the wear and
the wear distribution of the tool from the data on the

30 tool life stored in the tool/holder database 3b and the
machining load, the machining contact point, the cut rate
and the machining time predicted by the machining state
simulation unit 7a. The wear distribution is defined as
a prediction, for a ball end mill, for example, as to

35 whether the forward end of the mill wears, and at which
position the forward end wears, the straight portion or

other portions. Based on this predictive calculation of



in said data storage neans are updated based on the result of

nmeasurenent by said machining profile neasuring nmeans thereby to

i nprove the accuracy of the predictive 1 calculation in said

predi ctive cal cul ati on neans. = 1817 A machi ne tool

control -appar at us accordi ng to claim?2, further corrprl sing a machi ne

sensor for ti ' {g@? said
machi ne t ool andh? eed| ng ‘E)lg%k%i esuﬁﬁ%%és)%‘f%@ jOH@ c(%’get ection of)gsai d
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control apparat a &k claim?2 further conprising a machine
sensor for éléc I'hg C%Cgle) c"m’r tlﬁ%w%g in a notor, the tenperature

of the body of sai d mmmp tm&dl@twemcbaalqmbat@nsorth@wool for
detecting the didRNsi&HPSs ARt @lit &7 PTid LML £ the correction

unit 5d of the tool path determining unit 5. 1In the case

10 where the predicted tool trip is larger than a
predetermined value, the tool generating unit 5b
generates a tool path ,taking the tool trip into account.
In the case where a large machining load is imposed for
relatively moving the work and the tool to each other in

15 the horizontal direction, for example, the tool is
deformed in such a way as to trip forward in the
direction of movement. Therefore, the movement of the
forward end of the tool lags behind the coordinate of the
main spindle. As a result, the feed rate is required to

20 be corrected in such a manner that the forward end of the
tool on the main spindle moves to a predetermined
machining position in order to permit the required
machining operation. A high-precision machining
operation thus becomes possible.

25 Now, a displéy unit 17 will be explained. The
display unit 17 includes an image processing unit 17a and
a monitor 17b such as a CRT. The display unit 17 can
display the machining area, the machining pattern, the
profile and the serial number of the tool, etc.

30 determined in the machining process determining unit S5a
of the tool path determining unit 5. The image
processing unit 17a receives the data on the curvature,
the inclination and the depth of the machining area from
the machining process determining unit 5a and can

35 generate the data for displaying each area three-
dimensionally in different colors. Further, though not

shown in detail in Figure 1, the image processing



tool mounted in said nmachine tool, wherein the result of said
-detection is fed back to said predictive cal cul ation nmeans.

14. A machi ne tool control apparatus acqppﬂiqg to 25 claim 13, wherein
the contents of selected one of the machi ne data and the tool data
‘'stored in said data storage neans are updated based on the detection

data of ufitehoat ¢d EBﬁnQEtéaiGonﬁﬁaiEﬁtﬁﬁﬁﬁer39”@héaBQeHQE£'ve
th the pre

sensor thereby to inprove e accuracy o lctive 3 cal cul ation

in said predi cEptEudardgnainéh feakbe numerical controlaupithPnandoshe

control QpparaEBESBQCQhQEDQ3thd thus éhﬁiHHQpl&?etﬁéniﬁﬁbématidhctkﬁﬁ
cal cul ati on neans

I ncl udes work sinulatiop,means for predicting the
profile S8EN; R GBPREVEPREORAEHI RBH*BadERPBACARAYvBF kPP cte 0REA 35
I nput frosn sai ¢henfguspiegnanithe@7deta graphdcahlyaddsgatg, for examplege
reans and 1he tge! BaLh.A0d Lhe BREDLNERY the work2REbL' 3AE.9RARLALEY and
based on the data from the predictive calculation unit 7.
Further, the data on the machining accuracy included in
the machining profile data la input to the input
10 database 3f and the work profile measurement data
obtained in the sensor unit 13 can be displayed in
comparison with each other. Also, as described already,
it is possible to graphically display the portion of the
work remaining uncut by a machining path avoiding the
15 work-tool interference.
The operation according to an embodiment of the
invention will be described.
First, the operator inputs the machining profile
data la and the workpiece data 1b from the input unit 1
20 into the database 3. According to the machining profile
data la and the workpiece data 1lb thus input and the data
stored in the database 3, the tool path determining
unit 5 selects and determines a machining area, a tool, a
machining pattern and a machining process. Then, a tool
25 path is determined by the tool path generating unit 5b of
the tool path determining unit 5, and machining
conditions by the machining conditions determining
unit 5c. The machine tool 11 is driven under the control
of the numerical control unit 9 according to the machine
30 drive data including the tool path and the machining
conditions generated and determined. 1In this way, the
work is machined and a product is finished.
In the process, the predictive calculation unit 7
makes various calculations for predicting the machining
35 load and the work-tool interference based on the
machining profile data la and the workpiece data 1lb input
by the operator from the input unit 1 and the various



- 25 - det er m ni ng neans. 16. A machine tool contro
.apparatus according to claim2, wherein said predictive calculation
means i ncl udes machi ne behavi or sinuéation means for predicting 5
t he change in the machine tool position dGué®“td the tenperature, the
accel eration of the feed shaft, the | oad rel ocation, etc. based on

Lhe data stor eds i, Sskéd (% gorallEAS S Ad S ASISC O Al .0l 03 ¢

mach| ne sensor. con appar at®us accor
to 10 cl ai maslcwhatiom xm@mmammlmmmgtpmeﬁwns of

sai d predictivegb@d S AdPuABa s Yi s ol Bt Hetermining unit 5.
A tool, a machining pattern and a machining process are
5 thus determined in the predictive calculation unit 7
according to the result of predictive calculation. 1In
similar fashion, based on the result of predictive
calculation in the predictive calculation unit 7, a tool
path is determined by the tool path generating unit 5b of

10 the tool path determining unit 5 and machining conditions
by the machining conditions determining unit 5c.

As described above, according to this invention,
various calculations are carried out in advance by the
predictive calculation unit 7 for predicting the

15 machining load, the interference between the work and the
tool, etc. based on the machining profile data la and the
workpiece data l1lb input from the input unit 1 and the
data stored in the database 3. In other words, unlike in
the prior art in which a work is first machined followed

20 by detection and feedback of the machining requirements
in an attempt to control the operation optimally, the
method according to the present invention starts with
predictive calculations, and the result of- the predictive
calculations is fed forward and used for machining the

25 work. Also, the detected machining requirement is fed
back for further improving the accuracy of the
feedforward control. Consequently, the operation is
optimized and the work can be machined with high accuracy
and move quickly than in the prior art.

30 As can be seen from the foregoing description,
according to this invention, the operator inputs only the
profile data on the product to be machined and the data
on the profile and material of the work to be loaded and
machined. Thus, the operation of machining a work

35 meeting the precision requirement can be automatically
performed within a shorter length of time as a process
meeting the required accuracy is executed automatically



one of the thermal deformation anount of said nmachine tool actually
-measured during the nmachining operation and the thernmal defornmation
anount predicted by cal cul ation 15 bas on the detection data of said
machi ne sensor to said tool path determ ni ng nmeans, thereby

instructing said tool path determ ning neans to generate a tool path

not deterioratiRgnt RepPBHBENLBE1 ACSYHAGY -6Pe 885 en be
caused by the thernalpde ormation of ggigmg% Be nach%ngafgoﬁﬁa brass

18. A nachi ne PEBPeEORRFBLNABBaFaRdstaeRSr ding to claim2, wherein

said predictive cal gyl akbfipl@eadfiparisoni Betwdes thel ppebavaet shauthki on
means for predictin on,

wear, etc. of ggeseﬂyhényggﬁggﬂ'?g?éﬂ?gﬁ[%ﬁg@gggﬁé%LBAdgb qit@ﬁéthn sai d
data storlage nmeame wherehthdemechiningapaobileaddtababed on thendoawing
L9 o e SAChHERAL 18, PRQUBLRUESSRRGLC, Mcklrasng, of) AT AFscpte 0
means predi ct saby,capgeumat tbat the feed rate of the tool is kept so
high that the work is machined at 6 m/min, for example,
in performing the machining operation. Corners are often
10 undesirably dulled as shown by one-dot chain in Figure 8B
(the portions designated by reference numerals 23a, 23b)
and the radius of curvature is shortened (the portion
designated by numeral 23c). Further, according to the
prior art, in the case where the tool is fed along a
15 circumference at high speed, the true roundness is
decreased as shown by numeral 23d or the thickness is
increased as shown by numeral 23E. If the tool feed rate
is reduced to, say, 200 mm/min in the prior art, on the
other hand, a high-precision machining operation as shown
20 by numerals 23f, 23g becomes possible. According to this
invention, in contrast, as shown by solid line in
Figure 8B, the above-mentioned inconvenience is not
caused even when the machining operation is performed
with the tool kept fed at high speed. This can be
25 achieved only by reason of the fact that the predictive
calculation unit 9 calculates a predicted value of the
machining load and checks for interference between the
tool and the work in advance, and that various data
stored in the database 3 are appropriately utilized.



' wear, etc. of said tool and outputs the result of said
preii‘]mrm’u;mu H”mnon to said tool path det erm ni ng means, thereby
i ns pat h detern1n|§9 nmeans to generate a tool path
not 35 deterloratlng t he machi ni ng accufacy whi ch m ght ot herw se
‘be caused by the trip or wear of said tool. 20. A machi ne tool

control apparatus according to 1A ] - 26

CLAIMS
- claim 13, mhereln sai d_predictiyve caICﬁIatlon nmeans
i ncl udes: A machine tool contr apparatus, with

machining profile data input to machine a work,
characterized by comprising:

5 input means for inputting machining
profile data on the final profile of a work and workpiece
data on the material and the profile of the work before
being machined;

data storage means for storing machine
10 data representing machine specifications of said machine
tool for machining said work and/or specifications of the
cutting tools held in said machine tool; and
tool path determining means for generating
a tool path for machining said work based.on the data
15 input from said input means and the data stored in said
data storage means and determining the conditions,
including the rotational speed of the main spindle and
the feed rate of said machine tool, for machining said
work.
20 2. A machine tool control apparatus according to
claim 1, further comprising:
predictive calculation means for
predicting by calculation at least a selected one of a
machining load and interference between a tool and a work
25 based on the data input from said input means and the
data stored in said data storage means.

3. A machine tool control apparatus according to
claim 1, wherein the data stored in said data storage
means includes at least a selected one of the data input

30 arbitrarily by the operator, the data registered in said
machine tool and the data stored beforehand in a
predetermined memory means.

4. A machine tool control apparatus according to
claim 1, wherein said tool path determining means selects

35 a tool and a machining pattern and includes machining
process determining means for determining a machining
process.
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claim 2,
wherein said tool path determining means
selects a tool and a machining pattern and includes
10 machining process determining means for determining a
machining process, and
wherein said machining process determining
means selects and determines a tool, a machining pattern
and a machining process based on ;he data input from said
15 input means, the data stored in said data storage means
and the result of predictive calculation by said
predictive calculation means.

7. A machine tool control apparatus according to
claim 1, wherein the machining conditions determined by

20 said tool path determining means are at least a selected
one of the data input arbitrarily by the operator and the
data stored beforehand in a predetermined memory means.

8. A machine tool control apparatus according to
claim 6, wherein said tool path determining means

25 determines machining conditions based on the data stored
in said data storage means, the tool path generated, the
result of predictive calculation by said predictive
calculation means, and the tool, the machining pattern
and the machining process selected and determined by said

30 machining process determining means.

9. A machine tool control apparatus according to
claim 1, further comprising machining profile measuring
means for measuring the profile of a product machined,
wherein the result of the measurement is fed back to said

35 tool path determining means thereby to correct the tool
path for improving the machining accuracy.

10. A machine tool control apparatus according to



to s@j Im“ju erm ni ng nmeans; and wherein said
t ool ﬂl I m Inﬁl nmeans generates and determ nes a tool path and

machining 25 * cdonditions conform ng mﬁthzthe result of said predictive
cal cul ati on. 21. A machi ne t ool 3oﬁtrol apparatus according to
claim2, wherein said predictive cal cul ati on nmeans predi cts by

cal culation a ”@fﬂfx{?i a9 et dtl‘?ef)péérftﬁeﬁ{? P the' %éilxiné’fda?@a'\ tored
predi ctive calculation to said tool pa génerating means thereby to
generate a toolipaidid gdata storyagrigierns hare owdaksdripagedroruehe o t he

machi ni ng | oad regult RSLMNEA Strdies@i Bl 190 d RRddh O81 4 "D U1 dBRdSsuring

22. A machine tool control apparatus according to 35 claim?2, wherein
sai d predictiveiR3RT (FRRTYRY reAnEmProve the ASGUrasy £F -the RFRAIGHEFR t he
tool fails to cdldikation img&idagmsst vt ive caldilatioprméanse. data and

the 11. A machine tool control - apparatus according to
claim 2, further comprising a machine sensor for
detecting the temperature or the like of the body of said
machine tool and feeding back the result of said

10 detection to said predictive calculation means.

12. A machine tool control apparatus according to
claim 2, further comprising a tool sensor for detecting
the dimensions and the profile of a cutting tool mounted
in said machine tool and feeding back the result of said

15 detection to said predictive calculation means.

13. A machine tool control apparatus according to
claim 2, further comprising a machine sensor for
detecting the current flowing in a motor, the temperature
of the body of said machine tool, etc. and a tool sensor

20 for detecting the dimensions and the profile of a cutting
tool mounted in said machine tool, wherein the result of
said detection is fed back to said predictive calculation
means.

14. A machine tool control apparatus according to

25 claim 13, wherein the contents of selected one of the
machine data and the tool data stored in said data
storage means are updated based on the detection data of
a selected one of said machine sensor and said tool
sensor thereby to improve the accuracy of the predictive

30 calculation in said predictive calculation means.

15. A machine tool control apparatus according to
claim 2, wherein said predictive calculation means
includes work simulation means for predicting the profile
of the work being machined based on the workpiece data

35 input from said input means, the data stored in said data
storage means and the tool path and the machining
conditions generated and determined in said tool path



sai d tHII\llHkll\Hlllﬁllﬂm.enSaﬁé‘aLSpﬁét erninge the machining - candi tions

for nmovinge tHe toof at a maxi num f eed rategg said air-cut area. 5
23. A machine tool control apparatus according to claim2, wherein
said predictive cal cul ati on neans predicts an air-cut area where the

tool fails to EQEeERSnln me¥ptK based on the nmachining profile data and
t.he wor kpi ece data’i nput from said i nput neans, and wherein 10
said tool path genetfting ReshingekePat EONETPSoRPRAFALUS accerAdpmNE sai d

air-cut route. claim 2, whezZéinAsiBahppedieeliveoaknehlagpanamasangccording to
includes machine behavior simulation means for predicting
5 the change in the machine tool position due to the
temperature, the acceleration of -the feed shaft, the load
relocation, etc. based on the data stored in said storage
means and the detection data of said machine sensor.

17. A machine tool control apparatus according to

10 claim 16, wherein the machine behavior simulation means
of said predictive calculation means outputs a selected
one of the thermal deformation amount of said machine
tool actually measured during the machining operation and
the thermal deformation amount predicted by calculation

15 based on the detection data of said machine sensor to
said tool path determining means, thereby instructing
said tool path determining means to generate a tool path
not deteriorating the machining accuracy which might
otherwise be caused by the thermal deformation of said

20 machine tool.

18. A machine tool control apparatus according to
claim 2, wherein said predictive calculation means
includes tool behavior simulation means for predicting
the length, diameter, trip, blade position, wear, etc. of

25 the tool in rotation .based on the data stored in said
data storage means and the detection data of said tool
sensor.

19. A machine tool control apparatus according to
claim 18, wherein said tool behavior simulation means of

30 said predictive calculation means predicts by calculation
the trip, wear, etc. of said tool and outputs the result
of said predictive calculation to said tool path
determining means, thereby instructing said tool path
determining means to generate a tool path not

35 deteriorating the machining accuracy which might
otherwise be caused by the trip or wear of said tool.

' 20. A machine tool control apparatus according to



c[al !!u"ﬂu ”ﬂﬂtﬁ"ﬂ predictive cal cul ati on neans predi cts an
4 nter n of the work being 15 machi ned, based on the

machi ni ng profll didta and the morkp gce data i nput from said input
means, applies the result of said prediction to said tool path
deternining means, and determ nes the machi ni ng conditions for

decel erating tlig f15ed 7 atheilei3Rish id idAlcand | @aARulatiil ilins

25. A machi ne toﬁ control appar at us cor I ng clarm

wherei n sai d ndé¥flv¥elassol incl udes nunerlcal cont r ol neans and said
data storage neans 25 furt Ryrkhasntllerabn hsarish foat @riedictdling ivhed udi ng
t he hardnes eng | e strerf,%th and rﬂnduIdJs of %Xinastl itﬁ: of . o

vari ous naterlﬁgg 1ng machine ki %3|9§ﬁﬂ%§ﬁ(xive

cal cul ati Bn nealsta 1nputprfemhnctsazidflenpmtglnteaﬂaang:éxeofdatﬁae simedbdgedadm t he
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stored in said orage neans,
conditions generated and determined by said tool path

determining means;
machine behavior simulation means for

10 predicting the change in the machine tool position due to
the temperature, the acceleration of the feed shaft, the
relocation of the load, etc. based on the data stored in
said storage means and the detection data of said machine
sensor; and

15 tool behavior simulation means for
predicting the length, diameter, trip, blade position,
wear, etc. of the tool in rotation, based on the data
stored in said storage means and the detection data of
said tool sensor;

20 wherein the result of predictive
calculation in each of said simulation means is applied
to said tool path determining means; and

wherein said tool path determining means
generates and determines a tool path and machining

25 conditions conforming with the result of said predictive
calculation.

21. A machine tool control apparatus according to
claim 2, wherein said predictive calculation means
predicts by calculation a machining load and applies the

30 result of said predictive calculation to said tool path
generating means thereby to generate a tool path for
reducing the tool deformation due to the machining load
predicted by said tool path determining means.

22. A machine tool control apparatus according to

35 claim 2, wherein said predictive calculation means
predicts an air-cut area where the tool fails to cut the
work based on the machining profile data and the



“NIH rtia based on the predicted work wei ght change and
g ﬂuml R Lmﬂﬂtlons detern1ned by said tool path determ ning

neans ¢and - wherein taz predicted load inertia is
applled to sald nunerical control neans, ?cﬁ in turn corrects the
paraneters. _ - 28 - 26.
A machi ne 100l (LA Ao ARRAIR i Gl R0 input afdlaidl %%%%%&%ﬁ sai d
predictive cal cu | on _nmeans recogni zes the current’ machinin process

and t he requ|r@@1d.tool path determining means determines the machlnlng
conditions for moving the tool at a maximum feed rate in
said air-cut area.

5 23. A machine tool control apparatus according to
claim 2, wherein said predictive calculation means
predicts an air-cut area where the tool fails to cut the
work based on the machining profile data and the
workpiece data input from said input means, and wherein

10 said tool path generating means generates a tool path
skipping said air-cut route.

24. A machine tool control apparatus according to
claim 2, wherein said predictive calculation means
predicts an internal-angle portion of the work being

15 machined, based on the machining profile data and the
workpiece data input from said input means, applies the
result of said prediction to said tool path determining
means, and determines the machining conditions for
decelerating the feed rate at said internal-angle

20 portion.

25. A machine tool control apparatus according to
claim 15,

wherein said machine tool includes
numerical control means and said data storage means

25 further has stored therein material data including the
hardness, tensile strength and modulus of elasticity of
various materials of the work,

wherein said predictive calculation means
predicts the weight change of the work based on the

30 profile data of the work being machined and the material
data stored in said data storage means, and further
predicts a load inertia based on the predicted work
weight change and the machining conditions determined by
said tool path determining means, and

35 wherein the predicted load inertia is
applied to said numerical control means, which in turn
corrects the parameters.
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memﬂE recogni zed machi ni ng process and 5 the required
|

rical control neans, and instructs said
numeri cdl éontrot means to correct the 8 par anet ers. 27. A
machi ne tool control apparatus accordi ng't% B claim 15, wherein said
predictive cal cul ati on neans 10 checks for interference between a tool
and a work based 26. O themnkdigiad ogrp&éle%; d d@r&&%ﬁg} I ned
in said work sinul ation neans. é? machi ne tool” control

appar at us accordidigt 129, wheredmispid pyediqtiverfqadicWatean MeRNs he

machi ni ng ar ea ddrognisiseaiRd aseeht0mddE NIk s s tahdithd heediirded
profile data 1 nput fr n1sa|qv%n ut nmeans, and .a t.ool for nmachi njng
sai d machi ni ng 32 (?‘péﬁ'é‘(ﬁsctti @iizshMmachiing ProGass | ang of

i nterferefce beathearduirddacantdhaeovydid mumericaaigbntacil Mgansyr ea,
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i nterference ammatedrerisnes sai d nachining area as an
' 27. A machine tool control apparatus according to
claim 15, wherein said predictive calculation means
10 checks for interference between a tool and a work based
on the predicted profile of the work being machined in
said work simulation means.

28. A machine tool control apparatus according to
claim 2, wherein, after determining the machining area

15 selected based on the workpiece data and the work profile
data input from said input means and a tool for machining
said machining area, said predictive calculation means
checks for interference between the tool and the work in
said machining area, and wherein said machining process

20 determining means determines said machining area as an
area capable of being machined in the absence of
interference and determines said machining area as an
area incapable of being machined in the presence of
interference, as determined by said calculation of

25 interference prediction.

29. A machine tool control apparatus according to
claim 2, wherein said predictive calculation means checks
the machining profile data input from said input means
for interference between a tool and a work arbitrarily

30 determined, determines an area capable of being machined
where no interference occurs and an area incapable of
being machined where interference occurs, and determines
said area capable of being machined as a range to be
machined.

35 30. A machine tool control apparatus according to
claim 4, wherein said machining process determining means

recognizes the surface inclination in the machining



area of bei ng machined in the presence of I nterference, as
-deter rﬁiﬂ@iﬂw (ﬂ" ﬁﬂl uI ation of 25 I nt erference predi ction.

29. A rol apparat us accorgéng claim2, wherein
said predictive caTcuIatlon means checks the machi ni ng proflle dat a

input fromsaid i nput nmeans for interference between a tool and a

work arbitrari 'ﬁvﬁnogﬂle dgtern rf%ﬁ?.\%dix%% ery rpdnqaﬁ)gﬁ AL LaRRP! e of being

machi ned ere no I nterference occurs a an area I ncapabl e of

bei ng machi ned ditfEardnimadiese the Aachdiring argafebassichen the diffierences

capabl e of bei ng G R R iIMGR &3 RE machi ned. 35 30.
A machi ne tool control apparatus accordln claim4, wherein said

machi ni ng process detler nith MG higg, doo conrtéé’égﬁipi’ééfatth'é SFcPFddng to
inclinatien indi@m®y) FuiGher comprising display means for displaying

different machining areas in different colors.

32. A machine tool control apparatus according to
claim 4, wherein said machining process determining means
recognizes the surface curvature in the machining profile

10 data input from said input means and discriminates
machining areas according to the difference in curvature.

33. A machine tool control apparatus according to
claim 32, further comprising display means for displaying
different machining areas in different colors.

15 34. A machine tool control apparatus according to
claim 4, wherein said machining process determining means
recognizes the depth of the machining profile data input
from said input means and discriminates each machining
area according to the difference in the depth.

20 35. A machine tool control apparatus according to
claim 34, further comprising display means for displaying
different machining areas in different colors.

36. A machine tool control apparatus according to
claim 2, wherein said predictive calculation means

25 determines, as a range to be machined, the overlapped
portion between a machining area determined by the check
for interference between the tool and the work or a
machining area determined arbitrarily by checking the
machining profile data input from said input means for

30 interference between the tool and the work on the one
hand and a machining area determined based on the surface
inclination, the surface curvature and the depth in the
machining profile data input from said input means on the
other hand.

35 37. A machine tool control apparatus according to
claim 6, wherein said machining process determining means

instructs said display means to display an area incapable



roflle data input from said i nput neans and
dl scruum Hﬂl ﬁ I ni ng areas based on the difference in said
sur f 31. A machine tool control apparatus

accordi ng to cTa|n130 further conﬁrﬁ i ng di splay nmeans for

di spl ayi ng di fferent machining areas in different colors. _
32. A machi ne t89'b&?ﬂ&dﬂ%cﬁfﬁééa&ﬂéréc€ﬂédw&ﬂktfs 1nter§é?%&"6it &5 €1 N
sai d machi ning process ermnin ni zes e surface

curvature in th@eﬁacm;ne@gbxrbh¢ltoqlrworha;ateﬁégrem¢@ncbeﬂb nagat byreans

and di scrim nat gge predleggpénéggc@1§@§o§Q@Qgggng to the difference in
curvat ure. A machine tool contyol apparatus according to

claim 32, further coﬁ%rls%h@aﬁ?%%$aﬁoﬂ%aﬁgn?ﬁ?ld?EB 5??%% according to

claim 6, wherein said machining process determining means
arbitrarily sets a machining range in the area capable of
being machined as determined by the tool-work
interference check in said predictive calculation means
and instructs said display means to display said set

10 range.

'39. A machine tool control apparatus according to
claim 1, wherein said tool path determining means
recognizes the machining profile data and the workpiece
data input from said input means and generates a tool

15 path having a machining area only in a selected contour
machining pattern where the work exists.

40. A machine tool control apparatus according to
claim 1, wherein said tool path determining means
recognizes the machining profile data and the workpiece

20 data input from said input means and generates a tool
path which includes a set of selected contour machining
patterns, a tool is fed along one of the contour
machining patterns and then fed in the normal direction
relative to the workpiece to the next contour machining

25 pattern when the preceding contour machining pattern.

41. A machine tool control apparatus according to
claim 1, wherein said tool path determining means
recognizes the machining profile data and the workpiece
data input from said input means and generates a tool

30 path having a machining area only where the work exists
in a selected scan machining pattern.

42. A machine tool control apparatus according to
claim 1, wherein said tool path determining means
recognizes the machining profile data and the workpiece

35 data input from said input means and generates a tool
path which includes a set of selected scanning machining

patterns, a tool is fed along one of the scanning



di fferent machining areas in different colors. 15 34. A machine

.toollﬂ! according to claim4, wherein said nmachining
proced mwﬂulﬂﬂﬂmumnﬁans recogni zesyi he depth of the machining
profile dath ihput ¥ fromsaid i nput neans and di scrim nates each

-machi ni ng area according to the difference in the depth. 20

35. A mBchi NenQe); 3l ol ABART ahS tASGOFdU"dnl Phe normBhauT-3de by  her
conpri sing display means tor displaying | fferent nqchlnlng‘a[eas in
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to - clai mpattwher @henSdhé prededtnygeseahaihgt mabhiRang Pattern.
determ nes, as a raqge t%ebe chi ned, the ov i on bet ween
t*erm feldeb

rl apped or.t,
a machining area de lpﬁetEchﬁontrOE FBBgFﬁFEFfQFEEEglﬁgtWQen t he
tool and $he weflaimr 13 whereifmehid mngodr patteteternddiagbmenasi | y by

checki ng the i_ni rof . a lRPUL. i dyl.n for
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surface curvat Wagnand L BecdeRting"thBetool deceleration at an internal-
angle portion of the work in a selected contour machining
10 pattern. _

44, A machine tool control apparatus according to
claim 1, wherein said tool path determining means
recognizes the machining profile data and the workpiece
data input from said input means and generates a tool

15 path for preventing the tool deceleration at an internal-
angle portion of the work in a selected scan machining
pattern.

45. A machine tool control apparatus according to
claim 1, wherein said tool path determining means

20 recognizes the machining profile data and the workpiece
data input from said input means, starts to move the tool
from a relief point at a distance off a tool path
associated with the size of the tool out of said
machining area in the direction along the normal toward

25 said machining area, moves said tool along a tool path
associated with the tool size in said machining area, and
thereby generates a tool path for performing the
machining operation in said machining area.

46. A machining system supplied with machining

30 profile data for machining a work, comprising:

input means for inputting machining
profile data for the final work profile and workpiece
data for the material and profile of the workpiece to be
machined;

35 data storage means for storing at least a
selected one of machine data representing the
specifications of said machine tool for machining said



nachl i nput fromsaid input nmeans on the ot her hand.
'ﬂ“ m&al lﬁ@ﬁﬁl ne tool control apparatus according to claim
i ng process detern1n59g nmeans instructs sai d
dlsplay means to display an area incapable
~ of being machi ned where the work is |nterfered w th as
det er i ned by thsrit ogla Wasda il B ANGRK (RS dYej £icat ddifs RIS Ve

cal cul ati on neans. machi ne t'ool control apparatus
according to tools held in sald machlne tool;

predictive calculation means for
predicting at least a selected one of a machining load
5 and interference between a tool and a work based on the
data input from said input means and the data stored in
said data storage means;
machining process determining means for
selecting a tool and a machining pattern and determining
10 a machining process based on the result of predictive
calculation by said predictive calculation means, the
data input from said input means and the data stored in
said data storage means;
tool path determining means for generating
15 a tool path for machining said work based on the tool,
the machining pattern'and the machining process selected
and determined by said machining process determining
means, the result of predictive calculation by said
predictive calculation means, the data input by said
20 input means and the data stored in said data storage
means, and determining the conditions for machining said
work including the rotational speed of the spindle and
the feed rate of said machine tool; and
' numerical control means for controlling
25 the operation of said machine tool according to the tool
path and the machining conditions generated and
determined by said tool path determining means.
47. A machine tool control apparatus supplied with
a work and machining profile data for machining said work
30 to the desired profile based on said machining profile
data, comprising:
input means for inputting said machining
profile data and workpiece data such as the material and
the profile of the work;
35 data storage means for storing at least a
selected one of machine data representing the machine
specifications including the feed shaft stroke, the



sai d machi ni ng process determ ni ng neans

s

ﬂ hini ng range in the area capabl e of bei ng
machi ned ‘as-def ersm red by the tool -work i nterference check in said
predictive cal cul ati on neans and iﬁs??uﬁts said display neans to
di spl ay said set 10 range. 39. A machine tool control

appar at us accolgiuig fha1 spect YeMche WAL 3RS B0l chAL el SN0
neans recogni zes the nmachi ning profile~“data an t he wor kpl ece

data input frorhhamachime teednfoandagdiaiageshs wosk 150ntredt Hagaving a
machi ni ng ar ea sy de vrSS@C ipadafietedd’ for theMhuhieRiieadlpabnerdbiaere the

work exists. tﬁﬁéﬁ” A ngggine { qol %pn r ol %p aratus according to
claim1, whereif®%s&H 5% § g ‘s AT °°|leg€‘§ﬁ‘| zes the
nmachi ni ngs pr of ideprdaienting the wookpispee iZdcatidaiba suahutast the $§pe,i nput
reans 20 JEMRARi B impnstBH HY S 2RIICR1Th PhenBRERIA,
machi ni ng pattdéoed;and then fed in the nornmal direction
predictive calculation means for
predicting at least a selected one of a machining load,
10 the interference between a tool and a work and the
contact point of a tool in machining operation based on
the data input from said input means and the data stored
in said data storage means; .
machining process determining means for
15 selecting at least a tool and a machining pattern and
determining a machining process based on the result of
predictive calculation by said predictive calculation
means, the data input from said input means and the data
stored in said data storage means;
20 tool path generating means for generating
a tool path for machining said work based on the tool,
the machining pattern and the machining process selected
and determined by said machining process determining
means, the data input from said input means, the data
25 stored in said data storage means and the result of
predictive calculation by said predictive calculation
means;
machining conditions determining means for
determining the conditions for machining said work
30 including the tool path generated by said tool path
generating means, the data stored in said data storage
means and the result of predictive calculation by said
predictive calculation means; and
numerical control means for controlling
35 the operation of said machine tool according to the tool
path generated by said tool path generating means and the
machining conditions determined by said machining



relativ rkpi ece to the next contour machi ni ng 25 pattern when
t-he preiMﬂ "g!miﬂ!’j hi ni ng pattern. 41. A machi ne tool
a

control appar ing to claiml, wherein said tool path
det er mi ni ng means recogni zes the machi*ting profile data and the
wor kpi ece data input fromsaid input neans and generates a tooI|30 4
ath having a e wor k exi sts In a selecte
gcan machln|ngm[;‘ac?:\.étghJﬂegm&}é aeegLMlxggéeaéggchlne tool control apparatus
according to cl48m 12 mm@hhmhngaﬁﬁst@mlS@Bphld@t@lnhnangonkamnd
recogni zes the rms@hﬂhﬂﬂgpgs@éfifed@é@aaf@rtrhé‘cmfﬂ ec8; 5‘ﬁorkd]€ﬁgo 4t
I ncl udes a set

of sl et ed ScariF R RACKFAEhE éesseap%é’?%ﬂg,m%mwngsé:?@aiwmt@ne of
t he scanni %y comprising:
a machine tool for machining said work and
outputting a machined product;
input means for inputting in advance said
machining profile data and workpiece data on the material
10 and the profile of the work;
data storage means for storing at least a
selected one of machine data representing the machine
specifications such as the feed shaft stroke, the
rotational speed of the main spindle and the feed rate of
15 said machine tool for machining said work, control data
including various parameters for the numerical control
unit for controlling said machine tool and tool data
representing the tool specifications such as the type,
material and dimensions of the tools held in said machine
20 tool;
predictive calculation means for
predicting at least a selected one of a machining load,
the interference between a tool and a work and the
contact point of a tool in machining operation based on
25 the data input from said input means and the data stored
in said data storage means;
machining process determining means for
selecting at least a tool and a machining pattern and
determining a machining process based on the result of
30 predictive calculation by said predictive calculation
means, the data input from said input means and the data
stored in said data storage means;
tool path generating means for generating
a tool path for machining said work based on the tool,
35 the machining pattern and the machining process selected
and determined by said machining process determining
means, the data input from said input means, the data



m(hpatterns and then fed in the normal direction

reI atlve E“““H(Hllm lw g o the next scanni ng nmachini ng pattern when

t he precedisigcscannengs nachi ni ng pattern. 5 43. A nmachi ne t ool
control apparatus according to cl ai m:l? wherein said tool path
det er m ni ng rreans recogni zes t he machining profile data and the

wor kpi ece means and nerates. a

path for preventi ng t%re]ﬂ‘kj 4{8%%&;{3&8% %GS5 q'}e result aﬂfg
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44. A nachine tggagpntrol apparatus according to claim1l1, wherein
said tool path detern1n|ng nmeans recogni zes the machining profile
data and t he workpi ece dAMaEhiAPng fquisdians Wskermianinameayendiat es

a tool 5 determining the conditions for machining said work
including the rotational speed of the main spindle and
the feed rate of said machine tool based on the tool path
generated by said tool path generating means, the data
stored in said data storage means and the result of

10 predictive calculation by said predictive calculation
- means; and
numerical control means for controlling
the operation of the machine tool of said machining
system according to the tool path generated by said tool
15 path generating means and the machining conditions
determined by said machining conditions determining

means.



15 path for preventing the tool deceleration at an internal - angl e

sportion of the work in a selected scan nachi ni ng pat

45. A machine tool control apparatus accor éng to cl pTHISISHERTEMAS BEEN
said tool path determ ning nmeans 20 recogni zes the machi ni ngRpPRAGHELE
‘data and the workpi ece data input fromsaid input TS TS+t
nove the tool froma re'i@é‘r%ﬁ“oﬁ@ﬁ?%@ﬁ@@uﬁf a tool path
associated with the size of the 0 | ' chining area in
the direction along the normal toward 25 sai d machi ning area, noves said

tool along a tool patkontrol &gga&ia%hgd 1000t Foih@ aehifeZ@dol EBhmprises
machi ni ng area,, and erformng the

th%ég y generates a Loolgpath tar

machi ni ng oper 2PYF PR30 d FQZHAPHGtingamachining profd leadatan g R
system suppl i edhs tfinaaclproifide3df a poak aaddabakbdeceadaita 1@ anwahle,
conpri si ng: . 2L Nnput an L _inputting hi_ni;ng
profile data ngtFﬁ&aﬁiﬁgF Rgpfl%Fo #|§g§n&%ﬁ%§kgfgcﬁ5 bé mg%% gapdr t he
mat eri al and pdaftial &tofrage mpemispidedfert stoeing at least one of machine

data representing machine specifications of the machine
tool 11 for machining the work and tool data representing
10 the specifications of the tools held in the machine tool,
and tool path determining means 5 for generating a tool
path for machining the work and determining the
conditions for machining the work including the
rotational speed of the main spindle and the feed rate of
15 the machine tool 11 based on the data input from said
input means and the data stored in said data storage

means.
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néchined; 35 data storage neans for storing at |east a

sel ected one of machi ne data representing the specifications of said
machi ne tool for machining said 32 wor k and tool data
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data input fromsaid input means and the data stored in sai d data

- storage neans; machi ni ng process determ ning neans for
selecting a tool and a nachining pattern and determ ning 10 a machi ni ng
process based on the result of predictive cal cul ation by said

“predictive cal cul ati on neans, the data input fromsaid i nput neans
and the data stored in sai d data storage neans; :
tool path determ ning neans for generating 15 a tool path for machini ng
said work based on the tool, t he machi ning pattern and the machi ni ng
process sel ected and determ ned by said machining process determ ning
nmeans, the result of predictive calculation by said predictive
cal cul ati on nmeans, the data input by said_20 i nput means and the data
stored in said data storage Jﬁgi d determning the conditions for
machi ni ng said wor k i ncl udi g E;1’ ational speed of the spindle and
the feed rate of said machine tool; and nuneri cal
control neans for controllin
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25 . the operation of said machine tool according to the tool pat h

and the machi ning conditions generated and , determ ned by said t ool
pat h determ ni ng neans. 47. A machine tool control apparatus
supplied with a work and machining profile data for machining said
wor k 30 to the desired profile based on said machining profile
data, conpri sing: i nput nmeans for inputting said
machi ni ng profile data and workpi ece data such as the material and
the profile of the work; 35 data storage neans for
storing at |east a sel ect ed one of 1 ata representing the
machi ne speci fications includi nf’the feed shaft stroke, the
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- 33 - rotational speed of the main spindle and the feed rate of

-the machine tool for machining the work, control data such as various
parameters for the nunerical control unit for controlling said
machi ne tool, and tool data 5 representing the tool specifications such
as the type, mat eri al and di mensions of the tools held in the machine
t ool ; : predictive cal cul ati on neans for

predicting at | east a selected one of a nmachining |oad, 10 t he
interference between a tool and a work and the contact point of a
tool in machining operation based on the data input fromsaid input
nmeans and the data stored in said data storage neans;

machi ni ng process determ ning nmeans for 15 selecting at |east a tool and

a machining pattern and

Fig.4
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determ ning a machi ni ng process based on the result of predictive

cal cul ation by said predictive calculation nmeans, the data input from
said i nput means and the data stored in said data storage neans; 20
tool path generating neans for generating a tool path for machining
sai-d work based on the tool, the machi ning pattern and the nachini ng
process sel ected and determ ned by said machi ning process determ ning
nmeans, the data input fromsaid i nput neans, the data 25 stored in said
data storage neans and the result of predictive cal culation by said
predictive cal cul ation means; chi ni ng
condi ti ons determ ning neans for dgl ESVQ‘ng the conditions for
machi ni ng said work 30 i ncl udi ng the ol path generated by said tool

pat h generating nmeans, the data stored in said data storage

means and the result of predictive cal cul a4i on by said predictive
cal cul ati on nmeans; and rical control neans for
controlling

Fig.5B
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35 the operation of said machine tool according to the tool pat h

generated by said tool path generating neans and the machi ni ng
conditions determ ned by said machining -34 condi tions
det er m ni ng neans. 48. A machining systemsupplied with a work
and machining profile data for machining said work into the

desired profile based on said machining profile data, 5 conpri si ng:

a machi ne tool for machining said work and

Fig.5D
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out putting a machi ned product: i nput neans for

Anputting in advance said machi ni ng profile data and workpi ece data
on the material 10 and the profile of the work;

data storage neans for storing at |east a sel ect ed one of nachi ne
data representing the nmachine specifications such as the feed shaft
stroke, the " rotational speed of the main spindle and the feed rate of
15 said machine tool for machining said work, control data

i ncluding various paraneters f.or the nunerical control unit for
controlling said machi ne tool and tool data representing the tool
specifications such as the type, mat eri al and di nensions of the tools
held in said nachi ne 20 t ool ; predictive

cal cul ati on neans for predicting at l'east a selected one of a
machi ni ng | oad, the interference between a tool and a work and the

contact point of a tool in nachinEp% ergsng based on 25 the data
i nput fromsaid i nput nmeans and the dgﬁa d
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in said data storage means; machi ni ng process

-determ ni ng nmeans for selecting at least a tool and a nmachini ng
pattern and determ ning a nachi ni ng process based on the result of 30
predictive cal culation by said predictive cal cul ation means, the data
Mnput fromsaid i nput neans and the data -stored in said data storage
nmeans; ’ tool path generating neans for generating
a tool path for machining said work based on the tool, 35 t he machi ni ng
pattern and the nachi ning process sel ected and determ ned by said
machi ni ng process determ ning nmeans, the data input fromsaid input
means, the data
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35 stored in said data storage neans and the result of

predi ctive cal culation by said predictive cal cul ation nmeans;
machi hi ng conditions deternining neans for 5 determ ning the conditions
foor machi ning said work including the rotational speed of the main
spi ndl e and . the feed rate of said machine tool based on the tool path
generated by said tool path generating neans, the data stored in said
data storage neans and the result of 10 predictive cal cul ation by said
predictive cal cul ation means; and nuneri cal
control nmeans for controlling t he operation of the machine tool of
sai d machi ni ng system according to the tool path generated by said
tool 15 pat h generating neans and the machini ng conditions

determ ned by said machining conditions determ ning

Fig.7A
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_+USTRALIAN PATENT OFFICE Application No.
“SEARCH REPORT SG 9805551-0

Box III TEXT OF THE ABSTRACT (Continuation of item 5 of the first sheet)

A control apparatus (100) for a machine tool comprises input means (1) for inputting machining profile data (1a) on
the final profile of a work and workpiece data (1b) on the material and profile of the workpiece to be machined, data
storage means (3) for storing at least one of machine data representing machine specifications of the machine tool (11)
for machining the work and tool data representing the specifications of the tools held in the machine tool, and tool path
determining means (5) for generating a tool path for machining the work and determining the conditions for machining
the work including the rotational speed of the main spindle and the feed rate of the machine tool (11) based on the data
input stored in said data storage means.
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(57) Abstract
A controller (100) of a machine has an input
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means (1) for inputting machining shape data (1a)
concerning the final shape of a work and work data
(1b) concerning the material and shape of the work
before being machined, a data storing means (3) in
which machine data representing the machine
specifications of the machine (11) which machines
the work and/or tool data on tools that the machine
has, are stored, and a tool path determining means

F=9
WSS

{ |
[:EN
Hiasness 319793“]
Sa M NC 1

{ 11
Sb—

FiRiRmes

W= 29—y

IR

v
E

IABBREY

(5) which generates a tool path along which the work
is machined in accordance with the data inputted
through the input means and the data stored in the
data storing means, and which determines the
machining conditions for the machining of the work
such as the rotational speed of the main shaft and the
feeding speed of the machine (11).
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