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Connection of CAD and CAM using Macrofunction

Yasumi NAGASAKA, Hideyuki OTAKI,
Yoshio ISHIKAWA and Keiichi WATANUKI

The macrofunction in Computer Aided Manufacturing (CAM) systems is executed based on the
macrocode which is transformed by a series of operations input by the user. By the use of this
function, operations which should be performed by the user can be simplified. Therefore, if the
transformation from mechanical drawings to NC code can be changed directly into macrocode, NC
machining can be achieved easily. In our study, a function for transforming macrocode from data of
a CAD drawing to CAM data is developed. However, drawing data of a CAD system (CAD drawing)
does not always coincide with drawing data of a CAM system (CAM drawing), because in a CAM
system, restricted conditions, such as machining conditions, must be considered. Consequently,
drawing data must be represented by a structure and function which include information about
restricted conditions. Thus, the concept of the relationship between “master and servant” for express-
ing structure and function in an object model definitely is specifically incorporated. As a result, even
in the case where structure and function are changed, the knowledge base can be consistently
maintained. This paper describes representation of knowledge in the knowledge base and a method
for generating a macro code using this knowledge base.
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—HEOERE) #a—Fk (w7 ofEH) L, CAM ¥R
FLD< 7 ulie (77 oEREEICY AT LA0EME
THHEEE) &Y, NCa—F24ERT2ILE2EH
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CAM ¥ A7 AR B 2 EELINTIERO AT BRIEH
%0, NCINIOHRMZ»OBRBITILE LD
b,

AETIR, LRETVEBEORBERR L, v 7o
WMOERDFE, BLUOMIBRCODWTHERTY
5.

2. ENEEAN— X ODANEERIA

2:1 KUATLOER WIEEE K1k, K
VAT LD L MERTEER L., CADY AT 4
(CADKEY) & Al Y — ) [ZES®® : ZE 5 DOFFIC
2l 3v—2oXA5—vary T, CAMY X T A
(Smart CAM) i3V a v ETEBELTBY, s
B4 —3—%v b 2ALTHEWIERRESTON
5. %7, NC /el (CAMM-3) i3, CAM ¥ A7
LAERS2RCyY—7TNTHEGENTWS, 22T, 4L
HARYIEES>TAS,

(1) CADY A7 ATOREER (CAD-draw-
ing) (¥, CADL (CAD Language) 7 # —~ v b T
WanTsy, IGES CHHLLIERTHS, £/, Al
HMAN—RUE, 222 FITHBAND X RHBRE TR S
hTw3, MEEHRE, BERY OREORBO FES:
BAuT, ZOMBRBEDOA VAY Y RAXKEHENS

AT (ZES)

CAD (CADKEY)

(1) Shape- Knwoledge-Base
Recognition | Knowledge-
Representation
based on

Object-Model

CAD-drawing
(CADL)

i

— e

1
- (2-2)
|CAD-reading by using

ifunction Streuture \
! -Model of Machinig
3)

¥
e

< _ =

CAM-drawing

< = CAM e ——
| Macro- L

B 1 AYRFLAOHERK & ALERRE

(B (1)].

(2) —MOCAM Y A F LB 2HBER
(CAM-drawing) i3, CAD 5AABEEEIC & D HEES
Ad, T2 —VSINTEHRR & RAML TERT
3 [EH@2-D]. Lorl, BYRAT AT, 238 T
N2 XD, B ARNOBEETFTNVEREA VT
K& Ic TEZRICET 2 MIERE R itinL
TERT D (K (2-2)).

(3) I EfE#H (JOB-plane) i, Bk O#MIIT
BEYRAT LA E>CHBNICERE LS (K
(3)).

(4) TEHE®R NEBER BRI EER
(Machine-code : TIEEMICHELTz/8F X =% %
BE) OE&7 7 A NMEO—FLT, NC2— FER
(NC-code) %4 [HF(4)] 2%, 2L, NCT
TEI I Z OB P ERL, NCINTL2EHT 3,

< ofE#Rk (Macro-code) i, FEE—#EOHN [K
o (2-2), (3), (4)] 2Za—FELRbDTH B,
EYRAT A, 2O~ oEHeRic, Sl
—FEREERITT 5.

22 HBN—AROEHRE 2 1%, MR=E
FLOBEE® 2 EALLABRREOREA By X7
ATE7 V- REOHABOBMA 22 =y b LI
B) BRLI:DDTH S,
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—BlE LT, REEREY FRA LOBETTVERE
BT HEREET > IV — F EV—LRE® 2R
L7zbDTH 5,

HMER, #»2OBABET > v — 28, BEE
[ Base-Arc, Lift-Line, Top-Arc, Side-Arc] »5H
BENRTWBIERRLTWS, 7, B4 DgEx
TFTNRBREFIZT 20, HEWGEU TRRFROMI
S, BAEET V- O L LTHESRTWLS,
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Lift-Start :
(—180(asin(/(— Base-Radius Top-Radius)
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e}

(a) MFEFVOMEUCBIT2REDES LA

ISA-relation
-=-—— HasParts-relation

HasStructure: ——=-~————-

HasFunct ion:

A
Structureof = /

l Functionof

(b) 2=v }ABORE
X 2 43— R OHBEROLM A

Radius)))
(if-varied (Base-Radius) (Top-Radius)

(Max-Lift))
LOERARAT Y ME%E, TOFBMRNIZEERT —%
e R RT F—F v [if-varied] @ #R7L T3,
ZOT7T—EHAOME (B2 1E [Base-Radiusl) i, X
Oy MEDEHTHA L bICAuy bETHH B,
B ziE, Aoy b [Lift-Start) bfﬁ%‘i@éﬁé BE, &
o7 — BENEHL, 77— NOFM
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L, REROTWBFAETIZ, B 6, (Lift-Start) W28
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Top-i Arc
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I.xft Line i
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(line type arc Zkind full_thin)
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Base-Arc -
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g Displacement(s)

02 83

@

Lift-Angle

0 4:Lift-Start 61 = 180-sin” ‘((a. Re)/ (LmaxtRy-Re))
8,:Lift~Inflection 82 = 6 +tant Wﬂm / R
8 y:Lift-End 85 = 180

Ro  :Base-Radius
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(Function data)

4 HEEER & EEHR

(Structure data)
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5,

(2) F{REEME [HasStructure] 2 &0, #&EE7
NERIRD 2= v |+ [fpcam-#ft-structure | BSBB & 1,
TFD(3), (4)3fTbh 3.

(3) BT VREOKRERERT ROy b
[segments] #Z£ML, FOMETATKHLT(4)%
175.

(4) 7PV E2—v3>® [cadl DIET, BED
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Auta—rFtlixrsuBEHReRic, v 270814

b b

fpcan-Hi# fpcam-###-structure
parent: (fpcam-xx) parent: (fpcam-***-structure)

: 2
HasStructure: (fpcam-mm-m segments: (... Base-Arc ...)
HasFunction: (fpcam-###-function) : [&)]

: Base-Arc: (arc 40.0 32.0 0.0 25.0 ..)

(cad (arc 7x0 230 720 )(4)
7Base-Radius”..))
L))

Base-Rad1us: 25.0

Lift-Start: 121,01

~N @

(can (arc

®) [ :
elements! (... Lift-Start ...)

Y2 .

: (
Lift-Start:(- 180 (asin (/ ...) KD
(if-varied (Base-Radius)”(7)
L)

B 5 HR— 2 OEERERE

TT58DTH 5.

K7k, ~70a—FOBEERLILDOTH 3,
BT #Da—-RONEEBRB,
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532 FOANEEET

VAT LARTERES AT
%, Bz X, [Files, Save,

W, Ty ANERE—TT B,
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—F—FNEDOF—-ANEE

B3, Bz, [@er]J] 3V —>AN%, [@f5]
B77vryvavFdF—15H6 LtEEODANTR2ERT S,

[$**xx*|=ig, o=

YEANEHT 37 =5 D

AN EEBRT 5. Bz, [$67)1x7—2 67TDOANE

FAETH 5.

M * % % ] i, a XV P XERLTWLS,

32 /0B HOERE I-F1L

B 8 i, &

VAT LD uEROERBREERLLEBDOTH
%, COEBBEEDRET HR) 11, v oliEorE
& (Hrh O Rig ) OS@ETY, SIRRROZERT ?

* ¥k | BRET DI LI

&b, v 7 oEREERT

3.8, w7 aBFROMEA I, MIEROBED S
NCMIWKES TO—EHDBRIEARE 22— F{LL 7z
LOTHD, 22T, <7 ufFROVEAD 22— F1b

(1)
5.

oW, HFhOESIEIGES>TA5,

~ 7 OKRER A ¥ — b (@ macstartv 1) &%

\ function

ggf[::]é?

>
NC-code CAM-drawing
file file

<=
~~ Macro-code
file

6 w7 uREolEs

(1) #x* : Input Command
file ... file command
save ... save in a file
code ... create NC-code
(2) @x*x : Input Key
€macstartvl ... start macrro-function
écr . input retuen-key
ef5 . input function-key-5
@up . input control-key-up
(3) $*xx . Input Data
$67 ... input data “67"
$testl ... input data "testl”
(4) H*xx : Input Comment

7 <zua-FolE
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(2) ¥R (new) THREEERETS. ZORKET,
TERESH (? tool-file) Du—FfTbhd, ZIT,
BIBIOZEH "2 * % %] ik, Aoy b [*%x%] @
ERAEN, (hewwaxl @cr) 27, LTI
BI5%R [wax 1.jsf] e —F&h s,

(3) ERE#HEERTS. Ruv b [cam-draw-
ing] BEMEEN, UTOY A M A»FEHE 3.

(drawing start 0 line 1 line 2 line 3 line 4
start 1 base-arc lift-line -*+)
Z 2T, B [drawing] +%, A a v b [start 0, line 1,
line2--|DIET, 7MY Ea—y a>v[cam] (R~
7aa—FeEy) ORMEZITS. B2, [start 1]
OHEIE, (start_prof $40.0 @ cr $7.0 @ cr) & FHfl
L, =7 oA, KD [¥second, ¥third]
i, Aoy MED 2ED, 3BDDEOSBEITI Z
EERRLTWS, 22T, bLBR<70a—-FaR
EHBEOBESOMEIZOWTIE, 3 3HTHBNS, 2L
T, BFTRRT <7 aiRoiliighn s,
((start_prof $0.0 @ cr $0.0 @ cr)
(line$0.0 @ cr $80.0 @ cr) -
(start_prof $40.0 @ cr $7.0 @ cr)
(arc2. cw $25.0 @ cr $40.0 @ cr accept

kerpel.
[ \ ~——ISk-relation

pec;nassenhly cad (7™ can ()

fpcas

parent: (pecas-assembly)

racro-tesplate | (@macstartvl [
i (nev ?tool-file &cr) @:
! (%can-draving) @
i (ef5 full quit) @,
! (files ssve Snactest fcr yes quit) )}
: (group purge yes quit) ® ;

! (update feature_chg clear_z entire S [GH
H accept yes $0.0 €cr quit quit) H
i {roushing pocket $1 fcr 1sland $5 Ber continue (8) !
; funish $0.1 €cr depth Pcan-depth fcr !
pass_depth $0 @cr 7pass-pitch Ger

: 0 qmit) :
; (viev shov_path fullget_view &n Ecr full [OH
: shov_path quit 8f5 full} :
*(code Scame-3 8cr Seactest Gor cr) ) a0}

Tpcan-+3% fpcam-+#*-structure

parent. (fpcan) parent: (fpcan)

hasstructure’ hasstructure: nil

(fpcan-#s#-structure} structure-of: fpcan-t++

hasfunction: tool-file: wexl
{fpcan-sss-function) work-size: (80 0 80.0 40.0)
T2

shaft-radius. 25.0 pass-pitch
base-radius  25.0 direction. (2. cx)
top-radius: 8.0 0: 40.0
side-radius: 33.0 ¥0: 32.0
max-hift. 150 20. 0.0
segaents.  (base-src lift-line top-arc side-arc)
lift-start 121.01 cad-draving’ (draving ?segsents)
(ift-inflection. 165. 45 can-draving! (draving start0 linel line2 line3 1imed
Lif l end: 180. start] %sagsents)
startl: (point 40.0 7.0 0.0)
(cad (point 7x0 (- 7y0 7base-redius) ?20)
' (cam (start_prof ¥second fcr ¥third fer))

l base-arc: (arc 40.0 32.0 0.0 20.0 148.99 270.0)
{ (cad (arc ?x0 ?y0 720 ?base-radius
1 (- 270.0 ?)ift-start) 270.9)
(can (arc “direction ¥fifth €cr
Ysecond Bcr accept Ber &créier))
lift-line®  (Yme ...) ...

fpcan-kifi-structure

parent! (fpcan-sex) /| parent: (tpcan-ssx-structure)
hasstructure: hasstructure: nil
{fpcas-iHi- :t,ructure) structure-of: fpcan-Hi

hasfunction: (..) vork-size: (180.0 80. 0 40.0

bas
llft tine: (line .. ) <= ,Mmu by CAD- drulnz.

B8 7 oo LRI

@cr@cr@cr))

(4) HEOHEME(@ S5 full) 2175,

(5) MBE® (3 mactest.sh3) 2T 2. D
B g T8, REEREER T 20D~ 7 ol T
BB, T, ETTHILHAEETH S,

DB, NCa—FERDO DD~ 7 uBRTH
5.

(6) 7—% OEHE (group purge) 217,

(7) TEYIHHRMEMOMRE LMHE (update feature-
chg clear z) #8%ET 5.

(8) 7354 ABIZBIF 3 FII (roughing) D 4L
BRTH., BT, SHBER» S BRI (sland) %
B L 78R4 % YU Hl (pocket) T %, # D, £ ETR
(finish), B T @ ¥ & (depth), /¥ X D & & (pass -
depth) %z YD EEM{TbILS, BB, IhsDEI,
(2)DTLEBHREL Y, HE, TEREK L > TNIE
BEORBZEICERET &b,

(9) TEYHIEBODY I 2v—¥ 3 v (view) %
75, ZOVIHRB A S L DOTHEBELES,

Tab—va yHICHEEKRT T2 I L bAEETH

[N

(10) kO TEYIHIEREEIC, NCa—-F 24
B L, NC 27— F{E#R (mactest. t) THEMHT 5.

IO, 2 3MTIRARSBEEE L REDET AR
Bickh, BELEBEEN~ 7 ofFHRE LTRIE
N3, 26, TEBRIZLY, NIBHRORHEZEH
<7 ulEHE L TRMNEINED T, NCIHIIHUERK
POBBATONS,

3:3 FRv 00— FDER

3-3-1 HHEEH & MEHER 91k, MEEH
(CAD-drawing) & B 1E # (CAM-drawing) @ BS %
OBERLISDTH S, KD THIL OFRIFZLL
TOERTH 5.

15 © (arc x0 y0 rad ang 1 ang 2)
EAEHR © (arc pre-line direction

_____________________________________________

pre-line : HIDBRER & DR
direction : AA

* % % _end ! B (L8, A)

EREROER R, RHEEHROt, MOKRERL
DOBEHE (pre-line : IE#ENATHE) /51 (direction : K
HAM»REEAR) & EOEHRBEEh TS, O
iz, IEERONEN TERK I EEMERT 57D
THB, TNOX, HOKRER L OBR L AASER
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RERLRD, ThEEELTWION, BEETL
FRO2=vy b+ (M8HBH) DAu v [segments]
r[direction] THh 2. F7:, HERROERIE, K10
TRT O, NEFEREFIAL (ERT 22 03T
&5, 120, ARRAOBRIE, ATOKRER L OBR
25 BBNCRBERSRESI NG HEFLHLDT,
TRCDOEFREEA T I LER LD,

B 10 i3, EEREHRL 358 ORISR (M) ©
WE7a—ThH5,

o [? direction] 1%, 32 8i TR & S, =

pre-element
A (x_end A -~ -
<///”'-T rad y_end) T rad
B angZ: B '
A angl S~ I=direction
Ry o> ~3N
(x0 y0 20) (x0 y0 z0)

CAD-drawing
9 KIHEER & KEEROBFR

CAM-drawing

|Z: 1F-condition
start
arc
tangent
pre-elenent; < ltangent
start, line other
intersection
[macm—generate [L{ ?direction
-arc ;
¥fifth Ger rad
(¥second or {other) accept
while ¥third) @cr GO end
%x0, Xy0 I reach start
larc decide < GO JP1
JP1
(¥second or
while ¥x_end Ythird) @cr | { (other) accept
Xy_end GO end
arc decide <
fcr ang_end
end

10 BIfAEER TFE) o407 o—

~=———18A-relation

cad
parent: (kernel)
arc: cadl-generate-arc
(cad (arc x0 y0 20 rad ang! ang?))

pecan-assenbly )
camn
parent: (kernel)
fpcan arc: macro-generate-arc

{cam (arc pre-elenenm
rad x0 y0 x_end y end ..))
fpcan-*x#-structure
parent: (fpcam)
direction: (Z cw)

segoents: (... Startl Base-Arc .
é "”Jh

BaseAﬁrcmuszooozso D
@ (cad ...) _—"(5)
(cam *undef*)—=—(4)

\

)

I macro-generate
-arc

11 k<2 oa—Fo4ERER

=y MO ATy b [direction] DEFHAZIS.
Fiz, EHOD[%* % x| ik, HEFRONEETT b
DT, 2=y b [cad) KZD AT v MEOERIHEM
BNTBY, FET5 [(*x*x*x] OFEESHEAEN S,
Bz, Bbo [%x 0] i3, EERoMEEROER &
D, [¥second] LFHliz A Eh 5,

oL Hi, BEERI, NEEREEC, #E
FVEBREFIELUCERTZ I enTES, Zhick
D, CAD v X 7 L OHE R £ D % & CAM ¥ X
7 ADER (KEER) & LTHBETE S,

3:3:2 R~ wa— FOERBRE 114
HEE®R (M) oBEoRik~< 7 oa— FOEE
BERLELOTHS, KL, 3-2 BiOMMIEREE
BT aERET, Aay b [Base-Arc] DK< oz
—FR2BET2HFOBEBERL TS, IOBEE
EHOBEENEIZB> TH5,

(1) Ruy b [Base-Arc/ D7 bYEa—va>r
[cam] #8M3 3. 22T, [cam] BREZERDEE
(2, EESRTWEHEIR(5)IES,

(2) Auwy b [Base-Arc] DEXZSHBL, HBEER
HHEL [arc] TH5Z L 2FHT 5.

(3) BERIIGULER<Z 0a— FOERKBEK
(BTt Tmacro-generate-arc)) %, fTIIFHE I
L DETT 2,
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