2119128 NUMERI CALLY CONTROLLED MACHI NI:NG SYSTEM The present invention
relates to a nunerically controlled nachjning system (hereinafter referred
to as an "NC-machining systenf) in which a nachine tool is 5 controlled by

a numerical>control unit.(hereinafter referred to as an "NC ﬁgit" i

.machi ne rlkpi ece, and nore particularly to such an NC nmac I1|1]9 &sg,em
havi ng af \i riproved system for displaying data itenms on tools used. o
Nuneri cal controll ed machine tools (hereinafter 10 referred to as an "NC €/

machine tool ") are controlled by NC units which receive. nunerical
information for specifying the position of a tool with respect to a

wor kpi ece, perform ap _arithmetjc operation based on the nunerical

i nformation, and contQB%E%iéé%HﬁﬂCOPﬁRﬂﬁEﬁPrﬂéhﬁﬁﬁimﬁ-E%F%E% 15 on the basis

of the result of the arithnetic operation. NC machi ne tools can nmachi ne

wor kpi eces into conpl ex shapes easily to a nicety at an increased rate of
production. The NC machine tool is .generally constructed as 20 shown in

Figurel of the acconpanying drawings. The NC nachine tool basically : |
conpri ses an NC uri rh@Opfesenqt dowesitign rélauss tar ia humerdicapkyati ons,

nunerical information _commands-supplied via an input termnal 10 from

-2- an ext er fantzelled naehining GYisHeNg (hereimrLtsmmedlersadpyo as an

"NC machining system”) in which a machine tool is

5 controlled by a numerical control unit (hereinafter
referred to as an "NC unit”) to machine a workpiece, and | o Eﬁ
-more particularly to such an NC machining system having an

improved system fér displaying data items on tools used.

Nuﬁerically controlled machine tools (hereinafter
10 referred to as an "NC machine tool") are controlled by NC
units which receive. numerical information for specifying

the position of a tool with respect-to'a workpiece,
ps:fc}m an a-ithﬁetic operation hased on the numerical
information, and.cont;o].-the tool to machine the ﬁofkpiece
15 on the basis of the iesulf of the arithmetic operation. "5
Nc'mach;ne tools cad machine wérkpieqes into complex
shapes easily to a niqety at aq‘increasea rate of
production.
The NC machine tool is generally constructed as
20 shown in Figurel of the accompanying drawings. The NC
machine tool.basically comprises an NC unit 20 for

processing, through arithmetic operations, numerical

information commands supplied via an input_terminal 10 from



t he results of the arithnmetic operations effected by the NC unit 20 for

machi ni ng a workpi ece. " -The NC unit 20 is conposed of an -input devi L1
for receiving input .commands 5 fromthe external source, an arith '€> ni.t
22.for performng arithnmetic operations on the commands fromthe i /

devicei21,’a ménory 23 for storing the r sults of the arithmetic o
~carried out by the arithnetic unit 22, tfie commands from the input device -
21,"\and. ot her data, 10 a control device 24 for controlling the arithnetic

operations in the arithnmetic unit 22, an output .device 25 for delivering
the results of thdR8%X%eFRRli SOBFERAt 2R MAGRHINABT aRRE AR icOnfRPLLSd BY

outputs fromthe NC unit .20, and.a display..device for displaying.th
confents of the 1Y s oBnane e PHSRE T FSPRAET 8% AASTER PRothAdte
device 21. Some NG 4N ScRdgabh2REhS Ya Wirkpleca. Keyhoad e Yt tkNY
information into the nenory 23. The machining unit 30 has a tool 31 -
supported by a tocdmpudetiof3anséapatdidvice QUUESropetebpinyllinpad tbmhatd

20 be rotated by a spindle notor 34 driven by signals issued fromthe
out put devi ce 35 f¥em [khe\@xternalosouriey ic hirithgetid¢ tugx i23cifades a tabl e

35 for securing thereon a work-_ piece 40 wi.th a §Lg or-a suitable fixture.

The table 35 i s nRYEIIPING ARSEHRRELE | PPIGIORE RBa5PS TRPIRNGH Frof, EF 36
Feed motor 38 1o MEUARIIERGER ¢ hoehott H170R HEBLIEP I redles 8K fhe

feed nmotor 38 is ¢ abl'e “under "t n sirgnal’s vered Trom
output device 25 apjdimetic dPetations carried out by the arithmetic unit

i,} _ 22, the commands from the input device 21, and other data,
10 " a control device. 24 fer.COntrolling-the-arithmetic
‘operations in the arithmetic unit 22, an outéut device 25
for delivering the rgsuits of the”arithmetic'operations
from the arithmetic unit 22 as ouﬁputs_frcm.thé NC unit 20,
"and a displaf devicé 26 for displaying the contents of the -
15 'memory 23 and the input information.given'to the input
device'ZI,' Some NC units addi;idhally includeié keybéard
for putting information into the memory 23.
The machining unit 30 has a tool 31 supported by a
im) tooi'holder 32 secﬁred to a chuck on a spindle 33 that can
20 be rotated by a sﬁindle motor 34 drive§~by signals issued
from the output device 25 in the Nc.unit 20. The machining
unit 30 includes a table 35 for securing thereon a work-
piece 40 with a jig or a suitable fixture. The table 35 is
movable in the direction of the X—axis by a ball screw 36
25 driven by an X-aiks feed motor: 38 chrough a gear box 37.
The X-axis feed motor 38 is drivable under the control of

signals delivered from the output device 25 in the NC unit



3 20. The table 35 is also novable in the directions of Y- and Z-axes by
mechani sme  (not” shown) which are identi.cal wi.th the above x-axis'drive.
mechanjssiy and driven by signals fromthe NC unit 20. 5 . When a _
count‘fER ed hole 41 is to be forned in the workpiece 40 as shown in Figure
-2 by the-'ANC machine tool of Figure 1, the workpiece 40 is machihed with a |

roughN{a€e mll, a fine face mll, 'a spot drill, adrill, and an end mill.
.sequentlally in the order naned. . This sequential nachining \
operation wll be described in re detail as illustrated in'Figure 3. As

. shown in Figure 3(a), a face mll 50 is used to mll the workpiece 40 for =
~forming a roughly flat surface, a machining step hereinafter called. "rough
face mlling". 15 ° Then, a face mll 51 which is capable of finer =
nachlmrﬂﬁihdﬁhehbablaCQSNnBI&&§Q:mQMﬂMhsﬁxntthennlke¢ttmn8f¢étter surface

on t he- war kghgcey 4 @xeé‘sb?h%héhféﬂé”Qn%ﬁ:b)snoJﬁ'strﬁ&%B' Ngfg step is

referred to as "fine face he surface thus machined in fine 20

‘face mI44§ﬁf¥Q9¥IW&§FH%QﬁlPH°FFg&ﬂ?¥M%)drl?ﬁeﬂ@&hﬂﬁlsﬂi%%ﬂterlng hol e
i s cut Id“ritm rB;}'ﬁbrﬁeu[é @ﬁox@ftﬁ@eua\m:kmew 40- by a spot. drill 52, ‘as

Fi hi al | 11 The
ot et it epepunf BrBeFad PRLAS Lk 5,38 | e PRl e L Do e TS -
fornediwnﬁwpiemekpﬂeas¢%hdwna1drMﬂgdih ZsbthWEINCFh@wMEnQ(e) Then, '
an end dd1 e’ 158d 10, SO PErkDEeRE G025l WdbcHihel Wi éhn SgUAT e

]

shoul de % ere ormn _
rough face mi a flne face mill, a spot drill, a . e
drill, and an end mill sequentially in the order named. = ot
10 - This sequential machining operation will be - ' '

described in more detail as illustrated in Figure 3.
As shown in Figure 3(a), a face mill 50 1s used to mill
- the workpiece 40 for forming a roughly flat surface, a
machining step hereinafter called "rough face milling".
15 Then, a face mill 51 which is’ capable. of £finer
machznlng than the face mill 50 lS employed to cut a
fine, flatter surface on the-workpiece 40, as shown in
Figure 3(b). ‘This maohlnlng ‘step is reﬁerred.to as
*fine face milling". The surface thus machined in fine
20 face milling is illustrated in Figure 3(c). Thereafter,
' a centering hole is cut in the milled surface of the
workpiece 40 by a spot drill 52, as shown in Figure
3(d). This machining step is called *spot drilling”.
The next machining step is referred to as "drilling® in
25 which a bore is formed in the workpiece 40 by a drill
53, as shown in Figure 3(e). Then, an end mill 53 is A
used to enlarge the bore at its end with a square
shoulder at the enlazged end, thereby forming a -

v



counterbored hole 41, as illustrated in Figure 3(f).The final nachining
step is called "end mlling". Filgure 4 shows the fundanmental construct}
of a machini-ng program for enabling the NC nachine tool to 5 effect
count erboring operation as descri bed in'FLgE[es 2 and 3. The machi ni
program is conposed of machining pattern specifying bl ocks, tool specifying
bl acks, and positional information specifying bl ocks. Each machini ng R
pattéeh speci fying bl ock serves to specify a machining 10 pattern such for
exanpl e as count er etingerbbhé® atbleg 4191 aBOL1Dgs tricdd iapPhgwerd FEOmTHee
count erboring operation shown inFigure3, a plurality of tool specifying

bl ocks and a pl ur alfiinplohagbhitainmmetiep dsocadtedn"enseaiifl}ing” bl ocks are
normal Iy required. Each taol specifying block is used for 15 specifying a
tool for a particular FaEHFRI rfg Rusatngn fuagamentak &qnéﬁﬁﬁtb%'gi?‘ﬁ c%al

I nformati on specifyi.ng. K [Ves Vfy | td l..ipfo [ for
machi ning it h t he SeRRERt e ek o8 3BERHAe M o Mlene AL bOR T 12T
codi ng sheet ousi dgrbBe bhe WbintdtoRdnBUBEEEL idH As dé8crPBEE it PBBures 2
There is provided a neans for reading thé punched program and | oadi ng the
sane into the NC uand Bhr oDiyd mdehinipgt pregramals |ddmploisgdr of Ipdchixfifrect t he
machi ni ng operation, or a neans for storing the punched programfully into
the nenory 23 (Fi gbe&teranepecifying blecks, proyranacddying bheckamAng t o

perform the machi niag,00er 2l | pllo ATURULUEL Kys 8 ISHELT BALE BdAISHE"
_L;; _ pattern épecifying block serves to specify a machining

10 pattern such for éxémple as éoﬁnterbqrinq, threading, or
Boring. As is apparent from the counterboring operation
shown_i@Figure3. a plurality of tool specifyiﬁg blocks and
a plurality of positionai'inférmation speﬁifying.blocks are
normally regquired. Each tool specifying block is used for
15 specifying a tool for a particular machining operation, and
the following positiohal iéfEfﬁétion'specifyiﬁq block
serves to specify positiénal information for machining with
_ .the speéified_togl. The machining prdgram is written on a
U - coding sheet outside the NC unit 20 and punched into é
20 paper tape. There is provided a means for reading the
 punched program and loading tﬁeISame into the NC uni?
through the input terminal.lb(Figure 1)eo effect the
machining operation, or a means for'storing ﬁhe punched
program fully into the memory 23 (Figure 1)and reading the
25 prégramnout of the memory to perform the machining'
operétion. Alternétivély,'an NC unit with a function for

- creating a machining program may.be'employed, and a



creating a machining program may be enpl oyed, and a machi ni ng program
may /betored directly into the memory through a control panel of the.NC
‘h as a keyboard, the stored program being successi-vely read for
~carxyfndg out the nachining operati®n. 5 - - A nethod of creating a
. machrming programw || be described in detail with reference to Figure 5.
- Figure 5(a) is a flowhart for preparing a machining program and Figure -~ -~
5(b) is illustrative of the prepared machining program For creating a M+
. machi ni %&cgiﬂﬂﬁér@nﬁ;ﬁﬁcmy-' B8 rlell B1 B8EE ¥ A ntRS £he ChaE.R DOre as shown.
in Figure 2is given as a command. Then, a command is prepared for returning
t he wor lgaireagh sal paomtiriodgpanél cof reHeh8CNan achioke asoal kéybaandsf er ence poi nt
-along the X-, Y-, and' Z-axes. Then, a command for a tool to be used at . -
first i $her epered prasEamobeing fuaressivebyi rRpdSorarryrelas e%¢d by a " T
~ nunber. _ For a?Pro ram for.formng the counterbore of Figure- 2,a conmmand
s prepépgdm?ﬁ %ﬁéﬁnﬁ?&FﬁS‘?ﬁb rough face mll as shown in Figure 3(a). The
nextsstep is tR fdiRfe o CPANRIKY fOhaBRYAIMY (giRokaR! wifL &dChining - °
“starting point. Subsequently, a command for 20 rotating the spindle with
t he tooldesonbbed ihdetatl witionmefedehce spdiighyény. Figmeeds(a) rid ati on of
the spindle, and a command for specifying a cutting path and.a machining ~
speed afefigvekaxt fary DEPRARIRG & FAShABIAT (RROFTE® #BA FdENFRe the workpi ece .
L2 T 8B oL kAR o GF eid B¥EpkPea SRR pd85um 2 COMTRNC TOT

st oppi'n

For creating a-machining'prograﬁ, a_machihiﬁg pattern such : .“- i;;
10 as a counterbore as shown in Figure 2is given .a_s a command. . | |
. Then, a command is prepared for:returning the workpiece
supporting table ih the NC machine tool to a reference
point along the X-, ¥-, and Z-axes. Then, a comq;nd for a
_ tool to be usediét first is prepared, the tooi:comméhd |
15 being normally ekpresed_by a "T"™ number. For a[prog:ég for
forming the counterbore _of Eig'_ure_c-_z-,_a command is -prepar_e& :
~ for specifying the rough face mill as shown inE&gﬁ:e;B(h).
The:next step is tq'cteate a command for moving the tool to '

a machining starting point. Subsequently, a command for

20 rotating the spindle with the tool mounted thereon, a
. -command for specifyigg a speed bf rotation of thé spindle,
and a command for specifyiqg a cuttinglpath andia machininq
speéd a#e successively prepared ﬁp enable the téoi to o o -
méchiné the workpiece to a pfedetermiﬁed shapé under these
25 commands. 'Then, a command for Stqpping_the rotation df the S

~ spindle is created. With this étdpping command, the

machining operation using the specified tool is brought to.



for specifying a next tool i's created. |In cgse the counterbored hole
illustrated inFigure 2 is to be formed, the face -mill with higher machhait
accuracy as shown in Figure 3(b)is specified by 5 this tool specifying
command. Then, the commands 4 through 8 are prepared again to set up the-
machai ng node using the second %ool. thhinin? nodes for respective tools

used are prepared 3h @e f SREERIPIran EPRRARA| FOF ARSSILTIRECRI REFY HYyr am

is conpleted. 10 ;o oreat H?erzﬁ_gé‘aééacéﬂe”'cag PE R0 Y tr{&i% g&ePg‘iS rdted
plural- ity of t ool% are -enpl oyed and TOURCEd On AN aut omatic To0T ¢ anger
equi pped in the NGRCAiFL2180t0 bel EOralddgNMBhécCrdd®imiaNandeh hEgrés ective
i n-automatically changing tools on the spindle under tool comrands. The
automatic tool 15 machigénghascerdaplasteshawnnién Fhgukie! 3(h)isaspaabfiediby
tools, the tool nmmgazine including tool pockets marked w th pocket nunbers
(PK NO) which a¥e &Hé &amrk sReebiVing eeERasd: T'Then, Fhe gommpndachi tharpgh
operation based.o% a _desired chi in% pr.o ran1€€ch'a shown_in Fi ureﬁ%
the operator is 20 PEJuPFERRTS® SoPE<r BRUTTR P89 ,PEHT afT HIF (1S

tool pockets with Jda@nB0ekst , UG ihiGe hBSRENEhN & d2RRL bk BbY14 Cuddif arE'

nunbers according to the machi ning program One prior tool attachnent
practice is that tgrepamedi DhnNtherieyoiag h&huéfrﬁﬁﬁ£1 hndEbguée md ¢hiningl

.

spindle is created. Wth thié st oppi ng command, the machining operation _—
usi ng-t he -speci fied-tool-is brought to an end. Thereafter, a COHﬁnggi}
g

progfam is completed.

10 | Under the machining prbgram ﬁhus prepared, a plural-
ity.of tools are employed'ﬁnd'mounted on an automatic tool
chﬁnger equippe& in'the NC machine tool. .The automatic
tool change;'is effective'in automatically changing toels

~on the spindle under Eool'comﬁands. The automatic tool

15 changer-haS'a tool magazine for helding a numﬁer of‘tooig,

_Ehe tool ﬁagazinejincluding tool .pockets marked.with pocket
nuﬁbers (PK NO) which are the same as tool commands "T".
‘Prior to any machining operation based on a desired

machining program such as shown in Figure 5the operator is

20 required to place_tools required by the program in ihe tool
- pockets with the packet numbers corresponding respectively
to the 5T" numbers according to the machining program.
_.Q o One brior toél attéchgeng practice is that the._

‘machining program as illustrated in Figure5(h)is all
25 displayed on the display 26 in the NC unit. . Where the
display 26 is in the form of a_cathode-ray tube (CRT), the

machining program for forming the counterbore as shown in



25 displayed on the display 26 in the NC unit._ Were the display 26 is in
the form of a cathode-ray-tube (CRT), the machining programfor forning the
count erfop-\ as shown in Figure 2 is displayed.in a pattern as shown in

Fi gure 6y CRT 26 displays on itsyscreen all of the machining program
Jincl udi\ng” the tool commands T1053, T1054, T1055, T1045, T1044, T1046, and

t he machi-ai ng nodes using the spedified 5 tools. - The operator prepares and. -
~sets tools with reference to a reference table wherein the T nunbers ands=
the tool Fgheel h&éeﬂanaﬁea Ot o Pak@eRANLS NSRoWE CIY BiBErs 06§ Bge di Spl ayed
‘program. As an exanple, the reference table enabl.es the. aperator to
identify CRIL@%3'displaysugh ftxascken hll. ofi tive ddvhindiakspavgramentified
sinply by synbols such as T nunbers in the displayed program the operator
has to refnaludinghshecteek reemmandse TLAP3 seTHRI4 k955pr€gﬂﬁ5ng desired '

. tool s, the toaol |l ect d 15 is i | esonme., _Th ior NC -
rachi i ndt ko 184S ef 4 sRGRiRE B mtides e dne Ao 38RR1585K) S0 i spl ays
many W?”ﬂ&kgs%“dTﬁ&”B?é?aHﬂPﬁﬁ%%%&%&'BR? Lops SSIRE N, éﬁgﬁéﬂéeoperator'”
ng tolo

finds Tt tedious and T1.ne-consu cate tools 1 n the di spl-ayed

. machi ni Ng:Praogedarend cELBXE uherdianghperi faniérd iana tae keeDsneeded for
preparing necessary tool-s. For tool preparation, only tool commands 3 and *
8 in the gmeddatedsishbwkoth drpespobdence neeckniiingndoother data itens

displayed progrém. As an examble. thé'reféréﬁée table
- enables the operator to identify “TIOSB“'éé *fough facé _ '_\_J _
10 wizre. o _ _ _ ST : . :
| Since the tools are idéntified Simply-by'sfmbols
such as t numbers in the displayed program, the operator
has to refer to the reference table for selecting or
preparing desired tools, and the tool selection procedure |
15 is troublesome. | | .
The prior ﬁc maéhining"éystem.is also'diééd§anta—'
geous in that the CRT 26 also displays many'ﬁﬁmbefs.aﬁé'
symbols unnecessary for tool selection, and £he-bperatcr
finds it tédious and time—consﬁming to IOCaté tools in.the &;;
20 displaye& machining program.' Therefére, a long peribd of
.“tiﬁe:has'beén needed for preparing'neceSéary'toolé. 'Eor
tool pfeparation, only tool commands 3 and 8. in thé pfogram
as shown inFigure Sare needed, and other data items

expresséd in numhers and symbols are unnecessary.

25  With the foregoing prior problems in view, it is an

object of the present ihvehtidn to provide an NC machining .



expressed in nunbers and synbols are unnecessary. 25 Wth the.
foregoing.prior problens-in view, it is an object of the present inveni
to provide an NC machining -~ systemin a sinple and convenient form
whi.ch the above nentioned problens are substantially overcome. Accor
to the présent invention, there is- provided a nunerically control ; :
machi ni ng system5S - .conprising: a nunergcal control unit for controlling
a nashi ne tool, said nunerical control unit including an input device, an
arithmetic unit for effecting arithnetic operations on comands entered

‘through said i npusyd€em ide\d csmpweaaay éoarve&h@nmgf&m ANWHIGHh fflﬁlén
sai d i nput device_and t

e arith ons of sai
S thnetc uni to anave BEntFERed PO Lina Shit oPrentaRERALLy Pvsicene: ¢
operations in said aketbo@ing ot théb presentautmiram:mrt,oothetengim _
RN 122 L hlifiet £081 iy CLo8REl 108! na SEAREnd Lyl i no in

sai.d menory a machi hing program havin AT hg pa FEFR €0
speci fyi ng %ach|n¢ﬂgpph§¥@9hs- -tool connands for 20 speC|fy|ng t ool s,

tool parameters a”dapﬁﬁhékﬂeah bBBQ&GEthﬁﬂtCQﬂﬂﬁﬂﬂﬁnéfﬁlﬁﬂﬁf'éYﬁiﬁhlne
positional information for the tools, wherein said raneters, |nclude

noffi nal t ool di ank9t s, SRS MBS copgrol unlt 1nc1 %lng an input

device, an arithmetic unit for effecting ‘arithmetic
operations on commands entered through said input

10 device, a memory for storing the commands from said:
input device and the results of the arithmetic
‘operations of said arithmetic unit, and a control unit
for controlling the arithmetic operations in ~said
‘arithmetic unit; | o

15 '~ automatic tool. length setting means for measuring

 the length of each tool;. '
means - for 'storing ‘in said memory a machining

program having machining pattern commands for
specifying machining patterns;- tool commands for

20 specifying tools, tool parameters and positional
information commands for specifying positional
information for the tools, wherein said tool parameters

A include nominal tool diameters, tool diameters, tool.

| ' lengths, length compensations indicative of the amounts

25 of wear on the tools, and tool lives, wherein the term
*length compensation® used herein means the amount of
wear on the tool, the term “tool diameter" means the
‘diameter of the tool, the term "tool length® means the
distance between the tip end of a tool and the end face

- 30 of a spindle on which the tool is mounted, and the term

"tool life" is the period of time in which a tool can
be used for a cutting operation, said tool lengths
.being derived from said tool length setting means;
means for Selecting only the tool commands and'
35 associated specified tools from the stored machining
program; and '



-Iengths,_length conpensatibns i ndi cati ve of the anounts 25 of wear on
“the tool&srNand tool lives,- wherein the term"length conpensati on" used
her ei n /peafis\ t he amount of wear on the tool, the term"tool dianmeter" neans

t he di i/ of the tool, the term"tool |ength" neans the di stance between
the tip Y of a tool and the end face 30 of a. spindl e on which the tool
"is mount€d, and the term"tool lige" is the period of tine.in which .a t ool -

can be used for a cutting operation, said tool |engths being derived fromv*
- said tool length setting neans; neans for selecting only the tool commands
~and 35 . amamnsuédrsﬂespﬂaqdmgmﬁqnlrpaIHMetersreélmmﬂadumm progr am and

- Ba meansdior, ghsaberhao ddils PARRERLERS SHEChIdoRkyIARY dedgEt | g TS,

wherein sai d means di's St ed tools in

t hei r metERIiavs oradelliih e §thGre%Ie ehedi rf-glqirs()gﬂ-amt@lr The above:
and ot hefa HAMAHE od ¥ WE St 8k Shed lgasi Wi nd e S8 aseNt i nvention will

- beconme nore arent fromthe followng description when taken in S
g%,unct|oniﬂgﬁ?H9Y zﬂﬂéﬂﬂghﬁﬁrﬁflﬁ%ﬁﬁ¢l FHEEF 3P, IFBREIRE enbodi nent €
- of the present inventxon will become ‘more apparent from . '

- ——

e



the_preseht |nvent|on i s shown by way of illustrative exanple, and in
which:- 5. . Figure 14s a schematic diagram partly in block form of a—_
general NC machini-ng system” Figure 2 is a cross sectional view of a : ;2;:>

wor kpi ece with a counterbored hol e forned t@ereln Figure 3 is a diagra
il'lustrative of successive steps 10 of formi hg a counterbored hole as shgwn
I n Flgure 2; Figure 4 is a dlagran1shomﬁng a machining programin its’

“f undsaent al arrangenent; Figure 5 is a diagramexplanatory of the manner in

whi ch a machi ni ng gy;9 Halaegéﬁ?gﬁ%fwuaetﬁaabﬂ r&rﬁuhétibavwba&t JPJ

preparation of a nachlnlng program and Figure 5(b) showi ng a prepare

machi ni ng progr amd@cmnyin@x@fwﬁgsmguwmshls pmm:&fedt Babs&ikait WL a
conventional CRT, showi ng a displayed program 20 ~Figure 7 is. a
schemati ¢ di agr amtile presant vinugntiwoNEsnabovmi by warsiodmiddustvabiye o t he
present invention; re 8 v of a CRT screen which displays a |ist
of tools accordlnéﬁﬁﬁgiﬁéﬁﬁg H?%gﬁg system of the invention; 25

F|gure 9 is a diagramshowing a pattern-in which data itenms on too
paraneters are stored in a menory; - 10 Figure 10 is a view of a CRT

scteen displayigg a | iBigure 1 is a schematic diagram, partly in block form,
of a general NC machining system;
Figufe 2 is a cross sectional view of‘a ﬁorkpieée with
AU o a.qouhterbored hole formed therein;
-Figure :3'is a diagrém illustrative of successive stéps
10 of forming a countérbored hdlé as shown in Figure 2;-
Figu;e 4 is a diagram showing a machining pfogram in
_its fundaﬁental arrangement; | |
Figﬁrg;'s is a diagram ekplanatorf of the manner in
which a machining program is creéted;Figurels(a)beiﬁg a
15 flowchart of preparation of a ﬁéchznlng program and Figure
S(b) showlng a prepared machining program by way of
example; o ' |
(s ~ Flgure 6 is view of the cheen of a cbnventional CRT,
showing a dxsplayed program;
20. Figure 7 is.a schematic dzagram illustrative of an NC
machlnlng system according to the present lnventlon,
‘Figure 8 is a view of a CRT screen wh;ch dlsplays a
list of tools according to the NC machining system of the
invention; . |
25 Flgure 9 is a di;gram showing a pattern in which data

items on tool parameters are stored in a memory;



bf tobl S and paraneter data items therefor; and Fi gu-(ra§8115i S aAin gg(r)aﬁr?

' gi-lve -of an automatic tool length setting,proc . i

: InI UIS:;[ - 7 the NC .machining systemincludes meggs- H)rt ﬁga\rlvggl ??o(r')nrt he top
anni machi ning programstored in a nenory 23 a _ fre )

fgatnma“ gosfom to pi gkpon?y t ool commands. (shown hatched) successively out

of the programa

t he nmenory 23 and - nmea

t he  NC _maclﬁ_i | ﬁ-és\t&ﬂ
of the tool REEH then Lo DAY L “Cf the

"end 15 = ofi'Ebdlandnddpatame E&F @g@gp{@emgn&édpé%ﬂaj di aneters o

A too-l-_-'s_-'_'-fa;rjerf d-i__'sf___p_--a%/ed ?fl I%i L]:the gn ;hlei sltsof a,%/oolzs necessary for the
gi)gurenach%ﬁsﬂéeprlégr%ﬁn # ord ffagmam gi T hes it vg bet e aas Wadq Figure 2 is

' ' - 88 . The. displayed intormation includes
1h O 3. 2
'?Ith!t gﬁ?g mtuﬁ'zg%lﬁeﬁ?%%m ni n%szsg'r ogram but excludes nunerals and

ecessary for tool preparation. Therefore; 25 _
251 By 1 ookt cabaent dol Figured SR A hataEY ZhectooqndutaLy, e
present iﬂﬂ@éﬁe&_p?p@}?ésafcthi%grm&g scanning a machining program
| s.:to.'r.,.'éd"i'n _é_:ﬁ:emor'y 23 all the way from the top to the
| bottom ‘to pick only tool commands (shown hatched)

. . . . . PK m)‘
-of . the invention, at |east po,c_k_e_t_ nunbers  (
cH ERY cafoAdCRT serlecnodimplayingt @o!1 fiaMes such as

successively out of the program and for copying the o o/

10 _to_Ql%_ commands into another area in the memory 23, and
~means for displaying selected tools on a display 26. In
the NC machining system of the invention, at least
pocket numbers (PK NO) of the tool machine which
.correspond to tool commands T, tool name"s'suc'h as "end

15 mill" .and "drill" for example, and nominal diameters of
the selected tools are displayed as a list on the
display 26, as _illustrated in Figure 8 by way of

: _'e'xampl-e'_. T R

In Figure 8, a list of tools necessary for the
20 machining program for forming the counterbore as shown

. : i her "area in .
.. copying the 1010 tool comands into anot .
nd._ Lo 5. %r 3i spl aying selected tools on a display 26. 1Q

as illustrated in -

<

t he operator can.

in Figure 2 is displayed on the screen of the CRT 26. ~

-Thefﬂisplayéd information includes the tools required
bylﬁhe machining program, but excludes numerals and
symbbls_ﬁnnecessary for tool preparation. Therefore,

25 the operator can easily locate the tools on the screen
of the CRT 26. - '

~ Accordingly, the present invention makes it simple |

Q



and easy for the operator to prepare tools necessary for a particular
machi ning .program It is preferable that the tools be displayed in
machi ning order on the CRT 26 as illustrated in Figure 8. 5 In Fi
8, ~the CRT 12 additionally displays a Ii S_t"Qf various paraneters of '{t
sel ected tools.” The di splayed tool paraneters include "NOM NAL DI AVETER—
the tools,- "TOOL DI AVMETER', "LENGTH' of the tools, "LENGTH COVPENSATI ON',
andAJOOL LI FE", for instance. The "LENGTH 10 COMPENSATI ON' used herein
neans the anount- @hd\egdy Fobrd theObpeddieor KOprebAVETERS 1 srarstfesisieydEanes er
of a tool, the "LENGTH' the distance between the tip end of a tool and the
end face of a spipateioniazhimeichihéng opfogramypunt ed, and the "TOOL LI FE" the

period of time in which a tool can be 15 used for cutting _operation. -In
order to display the todtt g&r BFEEeFadls that &Re 380lfibg éﬁ%&@??&&nt hat

they ‘be stored in_t{he. nenor . &40 £ hi v oSt QF Al g, Of
equal size for .re‘gég?:ﬁlvng t%o g 8?&?‘%‘%3%}153% ia% g%gg%ﬁ%fe;dsz\% Héac e20 '
sterage area heing diyiged, g0 regh@nEre 2 $a@ikiondPiy disPThyanatl 20kt
parameters, réspectively,  as shown in Figure 9. The stored paraneters can
be displayed on tbf @Eficis parampaessdfrthdaiselietesd tawldie Mber disphaped
new data itens entered through a keyboard, for exanple. 25 :

Par anet ers such ascohaMuImetBrAME def "NOMINASO PIAMETER(T ff HRed tPALEN
fol lowi ng mnner J0e Jail gk .o HEAGRS: e 92! RabLlP dfladif™: POt has
U | COMPENSATION®, and "TOOL LIFE", for instance. The "LENGTH

10 COMPENSATION5 used herein means the amount of wear on a
tool. The "TOOL DIAMETER" méans the diameter of a tool,
the “LEﬁGTH" the distance between the tip end of a tool and |
the end_face'df a spindle'on which the tool is mounted, and
' thé_“TOOL LIFE" the period of time in which a tool can bé
15 used for cutting operation. ' - |
—In order to display thé tool parameters on the CRT
26, it is neéeséary that they be s;ored in the memory 23.
To this end, storagé areés a;r ay, ..; of eqgual éize for
respective tools ére reserved in the memory 23, each
.2q storage area being divided into regions for storing data
items on tool parameters, respectively, as shown in Figure 5.

The stored parameters can be displayed on the CRT 26. The

L -

parameter data items can be rewritten by new data items
entered through a keyboard, for example.

25 Parameters such as "NOMINAL DIAMETER" of the tools
are displayed in the following manner; The nominal

diameters of tools (the tool name: spot has a nominal



12 di ameter of 12. 0) are det er mi ned ‘on the Creation of a nachinihg program
and ar e~di spl ayed when the tools are displayed. . Mre -specifically, the

nom ngl~dNaneters are automatically determ ned by the NC unit when 5
machi pecifications are programmed. For exanple, when a drilled hol e
'havina di aneter of 10nmis specified, t he nom nal dianmeter of a drill to

N I's automatically determined as 10nm  However, "TOOL DI AMETER', . .
"LENGTH COVPENSATI ON' and "TOCL LI FE" are 10 not deternined on the i

creation of a machining program- ¥hese paraneters can be, di.spl ayed by the

operator. who actuates nuneral key sw tches (not shown). As shown in Fig.-

8, these paraneters are initially set to zero, and can have given val ues. as

shown in Figure 10, for 15 = exanple, only when -the nuneral key

swi t chesdisietect ot 4 .loy) tdwe antatmned\noautm“éatdﬁedﬁrtgi hopegtiing

E he .» LENGLH'5

gL?gﬁ;tSIIL%#}rﬂ?}ﬁE%gh?{:ﬁgah d e'lgt grl ng ]%?la%%%f ¥ engt‘{’?Pé Oé(ég%%oéﬁezo
aut omat |®1$w¢ﬂset MDNQ WM@WIIYbetbesmomw dhameterence to Figure'
11. Fi fsagzs aﬁ&;@ﬁ‘%ﬁé@ﬁy deeéﬁmn@@& dy‘sotﬂévtzeguﬁf.é%géﬁ [err] is placed on

a table n a_tool nmount ed on-a spi nd I's | owered toward
5 machining spec1f1catlons are programmed., For example, g
when a drilled hole having a diameter of 10mm is

specified, the nominal diameter of a drill to be used

is automatically dete:mined'as-lﬂmm. _However, "TOOL : i;?
_ DIAMETER", "LENGTH COMPENSATION" and "TOOL LIFE" are | .
10 = not determined on'the'creation_of'aimachining'prog:am.

‘These parameters can be displayed by'the'operator who'
actuates numerallkey switches (not shown). As shown in
Fig. 8, these parameters are lnltlally set to. zero, and
can have given values as shown in Figure 10, for

15 example, only when the numeral Kkey sw1tches are -
actuated by the operator. ' ' '
- An automatic length setting process for determiging
the "LENGTH" parameter is employed for automatically
measuring and entering the tool lengths. . Such an

20  automatic length setting process will be described
with reference to Figure 1ll. First, a measurement x;)

%

[



traversed before.a signal 51 is.generated by 5 the measurenent base

signal 51 being indicative of contact between the tool 31 and the

. measur enent base 50. The end face of the spindle 33 is spaced upwardly from .
"the table 35 by a distance [err] which is\Rrfown in advance. Fromthese

known and neasured distances [err], the 10 length Lx of the tool can be
foundz and the length Lx thus determined is stored in a given nenory area.
Thi s | engh setti nhjage 03k Imaviay laehetghed.flsisapa.antedobnpaogatﬂm i35 ,t Rednenory
23 in the NCunit. Wth the NC-machi ning system according to the 15 present

i nvention, a |istthentadieelidthmpyared P fetsRiadleqddriy reredrkowrring

program created i s, dispalyed on the display device nd, t he qperat.o n e
Gastly | ocate  hetROJPEasr B CIPRRR o0 nrfl ARARIE o8 (BLT FARFS dta SRIR FBRgh

a certain preferregdoeMpd{JE-a0assh ShoWiqaRY €eStd ifihfbrathashoul d
be.under st ood that nany changeg ana ﬁggﬁﬁgéa?iong naygﬁe mede fﬁérgiﬁg :
wi thout departi Bgthé Gieddiremenrebatet H®, HHREFAGHal| 81 "Being iddAlchBite ofh
nunerically controlled nmachining systemconprising: a nunerical contro
uni t- for control | cogtactthetiveenSthe toobl3l smidd thenmeasiatemantt balseuhiDt

i nél udi ng an input device an arithmetic unit for effecting arithnetic
: ' The end face of the spindle 33 is spaced upwardly from the

t he neasUrenent base 50 to neasure a distance [err] which the tool %%g;??b
o

table 35 by a distance L, which is known in advance. From 
U . these knoyn and measured distagces Li, 32 and L,, ﬁhe-

10 length Lx of the tool can be found, and the length Lx thus
determined is stored in a giveh memorf &reat This lengh
setting process can be stored as a.coatrol program in the
memory 23 in the NC unit. _ |

with the NC machining ;?stem-according td the,'

15 present invention, a list of tools with tool parameters'
required for a machining'prééram'created is dispalyed on
the display device, and the bperaﬁbr can:easily-locate the
tools on the display and prepare desired tools. |

K,Q Although a certain preferred gmbodiment has been
20 shown and degcribed, it should be understcod that many
_ éhahges'and modifiqations may be made therein without

departing from the scope_of the appended claims.



operations on commands entered through said input device, a nenory
f-or ‘st orgng\t he commands from said i nput device and the results of the.
arithme operations of said arithretiecunt—ant—a—<ontrol unit for
cont rol the ari-thmetic - operations jn said arithnetic unlt automati c

tool length setting means for measuring. t“ﬂul Eu HIIIHH tool { 15 -
means for storing in said nmenory a4rachin ng nachlnlng o~
pattern commands for speC|fy|ng machi ni ng patterns "tool commands (™
for specifying tools, tool parameters and -positional information :
connandsE&QE£§pecjfying positional 20  information for the tools, wherein
sai d tool'paraneters'include noni nal tool dianeters, tool dianeters, too

| engt hs, | ength co pensations indicative of the anounts of wear on the
tool's, afd tdol loahY e FomrEolded v | BRghhnEpgpedyatiafh” used herein
means theoagqu@ﬁngf 25 . wear on the tool, the term"tool dianeter" neans

t he di aneter means the di stance between

t he .t t he term." _
the tip end 8f n&“‘?&d’lcggngof‘}lfé"én&nﬁ'&c%%&f c&'&ﬁ%‘é‘goﬁ MRt e tool is €
moént ed, tand,tmandnnumennballh@nﬂnpnrunmErimdlmdxngnanlﬁn@uuﬁla tool can.

30 bea@%@@eforaﬁ BELLHILIRET G €0 2032 deFOOL A8 " UIRRARAIE 07 VOO from -

said tool Ien means; neans ool- commands -
and asso@P&Féglgﬂém ?FecPQ'U!ﬁfsdﬁ rmtlewédst bhéguﬂchsmiﬁg impagr am  and '

.device, a memory for storing the commands from said
'lnput device and the results of the arlthmetlc '_ ) -
10 operations of said arithmetic unit, and a control unit o\
for controlllng the arlthmetlc operations in said - '
arithmetic unit; _ .
. automatic tool length settxng means for measuring
the length of each tool; - ' _
15 means for storing in said 'memory.' a machining
- program having machining ' pattern commands for
_specifying_ machining patterns, tool commands for
specifying tools, tool parameters and pasitional
information commands for specifying positional
20 information for the tools,:wherein said tool parameters
include nominal tool diameters, tool diameters, tool
lengths; length compensations indicative of the amounts
of wear on the tools, and tool lives, wherein the term
"length compensation® used hereih means the amount of
25 wear on the tool,'the term "tool diameter® means the
diameter of the tool, the term "tool léngth' means the
distance between the tip end of a tool and the end face
of a spindle on which the tool is mounted, -and the term :
- "tool life" is the period of time in which a tool can
30 be used for a cutting operation, said tool lengths
being derived from said tool length setting means;
means for selecting only the tool commands and
associated specified tools from the stored machining
program; and

)

-



means for displaying tool paraneters selected by said sel ecting neans,
wherein said displaying reans displays a list of the selected tools in
their machining order in the stored nmachining pr A
nunerically controlled machining system accordi ngnlmmﬂlmlmn““ll udp’
keyboard f or reMW|t|ng tool paraneters. 3. A nunerilcal Iy dontsrolFled
machi ni ng systenlaccordlng to claiml1, whenqgin said nunerical control
10 %.includes neans for manually inputting the nmachining program 4. A
nunerically controlled machini ng system according to claim3, wherein said
i nputting nmeans incl uteans Kbhodisplayirgt doodg paninatiens se«keq:tedagband
15 correcting le 8 146T8c{ fliq | HRalBSN Midtle i 09a2d Wi &4 Pi AP Hlans

di spl ayed by said spl ay |ng neans
' ~ displays list of the selected tools in their

machining order in the stored machlnlng program,

('—'I

i 5 2. A numerically controlled machining system according
- to claim 1, including a keyboard for néwriting tool
parameters. ' ‘

; ' 3. A numerically controlled machining system according
N . to claim 1, wherein said numerical control unit
10 includes means for manually inputting the machining
program. ' '

4. A numerically controlled machining system according
to claim 3, wherein said inputting means includes a
. keyboard for entering, deleting) inserting and
15 correcting data items for the machining program whlcb
‘is. belng dlsplayed by said displaying means. . -
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