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A Study on the Construction of CAD/CAM system; for Machining of Sculptured
Surface of Die
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ABSTRACT

A study on the construction of a CAD/CAM system operated by 16 Bit PC basic language.
for machining sculptured surface of die, was carried out,

The system consists of 2 steps i e, process for geometric modelling by wire frame and
process for machining data generation,

Geometric modelling for sculptured surface is made by the point data fitting, parallel
sweeping, normal sweeping and linear connection of cross section curve,

Machining data are gained by cutter off-set of geometric model data and machining carried
out by DNC.

This system is to be proved enough for rough cutting by actual machining experiment,

But, for becoming a high level system, another method of cutter off-set has to be regarded

and system must be reconstructed by another program language.
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CAD/CAM (Computer Aided Design and Com-
puter Aided Manufacturing) A|2A®o]g w5 1mz}s}
T AEFS =Estetn, ol HHE o]g3ste NC 7|4
7b 7HEE F JEE NC 7438 9% FnE daah-
Aol 2 FFojztxy & & Aok oA Taiw, i
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e NC Z= ¥gshs Aolgln B 4 o v
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247} 16YE (Bit) PC (Personal Computer) & o]&3}
o tigty ALg WHe Filo ARIHe &Y HAT
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& Tt ARFE 42 AAsA =, ¢ A
SRR BHshe Heode ol ZM dolge zy
B F29 olF (sweep) ol 9sta 24
AsAl "okt o] HYEL wAE
Hohe Aoz RE Azdo] AFE A8z 7] o
o2 zdsiny, 3a} Bezier AT TWAL Hg
3t o]FofF AZEdole] Ao oste Twiel A
& AAdEA " Aot

ARHAQl CAD/CAM Al2do i g4 4AZH )
A dfolo] T Uwd (wire frame model), ZHRH
surface model), EA2¥ (solid model) Fo] &5
CHOTT R AT g AARRS AR YA

A

T FAdoER BE 439 2US ndsid YA
7 (pitch) 0.2 H4S HEs o, o] A
‘wire ¥ olgly Rak dHINe A=A st

of epdich >

NC 7} A3 QAL Fdo g4 443444
AYE wire Holelg slxx %%‘f’&’é%k—% 183l
T FAE 7Y e HHEsd FEAZ (cutter
path) 7} #ald F, o7ld A3zl 5¢ s
BANEE #3hs NC 9o 4=, oo} RS-
232C UEj# o)A (interface) & F3te] FFE} NC 7]
Al Atolell A ol olFo|HogM 71T o7l
o, e

E AA"e BASIC oz Tzadygo
TG HAE: EAHES a9 a9 5%, B
gty Aol AFIHER 7] ls¥Ea uyold
g (file) ol FojHom, oES HHE zgTdozM
Y AARRYH NC 71F A2 Aol ojFo At}

ol HA4& Fig 2-1914 AFHo2 vehlz ¢}
=3
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3. AIpIH| HA A

1. ¥ HIOIEHE O|E8 XRIHol HA A

HE2l 4E2Y (physical model) & =
7 o2 EHEAY, AARBEY Fojxiz HFS
FHo2 fittingste] AL FAstA Hed, drlq
Mo FgelX e dHEH (patch) 2 shte] wiAE S
o84 (parametric polynomial equation) &2 uehy
o] oje|3 GYFAEY 2oy FolNE HTE 57

IHE ¥As= W (Composite Surface
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nzl Bezier
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R(W)= X ( Jtiq1=t)n-iR,

=0 i

togt<y) (1)

oi7]elA R, R, R, - RneZ wEojz]& vz
& 2% tt4d¥ (control polygon) o)t 51 Rix= Z
tde] A& dUehdis AXMEHEN 23H R Ao)d
(control point) o8} Fo}

Fig, 3-134 Zo] HY Pi& d¥yozsle Bezier
THE BEY o, o] HY PiE WnuygA d4s»)
HaMe HE Qi ZASA ded, ¥E Pig 94
3= Bezier %419 9973t (segment) Aol Holslx
AAEIQ Aol Qit A=A, Qidl s &
HHojA Pig Fig 3-14M9} Zol rlnydA
AZdsA "o Fig 319 R Fam ge 32
Bezier 4& Azstd dga 29 #8d: FHe

alx e
_lL\_.

DA eJsted 479 Aol Q. Q. Q. Q7 s
3},
R(£)=(1-t)3Q1 +3(1-t) 2tQ2+3(1-t) t2Q3+t3Q,
(0<t£1) (2

3-1 Points of Bezier curve

Fig.
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2, drlos AoEe Qi YYH Pl Qe
Poll thestnz Unid 2719 Aold Q. Q& T
W Ho

Fig. 32914 72 (P, P,.)el 242 R.(1), 77

[PHl pt+2]a )‘j’}‘ °]'J— Xt-] Pt+1°“ 010']*'1 Ii}'
o o] 27| slope continuity) o 2z}n|E H&e
g 92y

P.o] tisto Fig. 3-201M9} 2ol

%3 (curvature continuity) & #H&st1,

AR nilel Yy

HE @R HOAAA, bie] B APwgye
PEHoZ Yeld Fd,  o]E Gauss? AAW
(algorithm) & o83t b9} ¢, &8 Fah= wWioz
2709 A)He Falbe HHE ANEE T2 9o
FAEHA

I ARE Agsd 422 By 7P, P,
dofA FH R ()= o8 2ol Uspd £ g

R:(L):(l"t)3r)1+3(1—t)2t(})i*b. J+301-trt2
(Pnn—x;.)+t3P;+|(Og‘(§1|

(3

*¥a=P., b=QQ «=QQ QQ=a—b-c

*RERRL0, ROKR0, o=

* Ro()~=(1-0'P+30-0%(P,+b) +3(1- )t/ (P,.,—¢,) +t'P,.,
(0st=1)

Fig. 3-2 Relationship between input points and con-
trol points
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u, vE "/

(1-v)=Jp;j (0<u,v<1) (4)
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7oA u=u,2 A S(u,v)E

i

S(uo,v)= 2:: (n)vJ(l—v)"‘-‘{ ‘E (m)uo"
i=0 i=0
(1-up)=~iPj, 5} 9]

2 &5 Ak )9ty AL H P (=01, ,m)
& Aojdog d% Bezier MY u=y.l 9 go
2 Qg gowvmz 1 & P, ;2 3t 2 (5)
q Pu (=01, g Aoz v
Bezier FHolmg  ol9} o] Bezier 4L Fih
Y 2FE wHEdd FEE HEE 4 A
¥, Fig. 3-3(a) ol vepd =9 4% ofd

rir

= 2l
47}]9] O‘JQZJ(PIHH Pll]v Pllv Plll)—g-i ;gsﬂxl E}'?—]—EI’—

W (patch) & AzH¢ o, Fig. 3-3(b) oM &5 W
o 479 AAF Qi Qun Qe Qo] AHAA AN
=, ol 94#4d P, {u=0, v=0)91x¢e IWo| P,
Qu), Qv Qu. Q2 ZAET Hdd e =7
o2 olgfel o] Q& ZAAHA Hrh
Qu=Qi-Qu+Qu, (6)

Fig. 3-3 Bezier surface patch

U 3¥d gAML o9t go] HHYW (tangent
plane)2 FAsle FYF wiez ¥ 4 U o
A% 34L& AAA @i (patch) e 4709 Ao H
o] TelPeoeN wf=HY A2 dgH Po| e

F Sl
S(u, v)=(1-u)3[(1-v)3Quo+3( 1~v}Z2\)o: +3(1-v)
v2Qo2+v3Qox] +3(1-w) 2ul (1-v)3Q 4
+301=v) 2@y 1 +3 (1 )02 2+v3Q 3]
+3(1-w)u[(1-v)'Q20+3(1-v) 2\Q2,
+3{1-v) v¥0Q22+v3Q23] +u?[(1-v)3Qa0

+3(1-v) 2vQ31 +3( 1-v)v2Q32+v3Qas] (7)

ollx HEd el 2 FHE AAXE FAHI
A 2xEdolY M 3t FFe YA He
b, oldd AgH dFHE dFG A¢d AR
wire 239 o7} Fig 349 AAHe et

(a) input point 36 (6X6) and wire model (pitch=2znn)

2832 .cad ‘
2.888 98.888

(b) input point 49 (7X7) and wire model (pitch=27z)

Fig. 3—4 Modeling of sculptured surface by Bezier
surface
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. FMYZE 0|8F XRIoo HA A AR FEE AASA "o o7jdA A 334
Hl%ﬂ AERZFo|Y HAREOR REH Folxy F TGS AL disy AHguEe Falo oped 2
Ao £4g vehis SAF Mol @ 4 e 9w BolEol Yo Jlgdo YYARE YHsiA Pt
%4 (section curve) o] g HYARE o]gdld 3% of 4 AR gt o8 F NS HePolEAIRe
TS st Bg AAFQ wHoss TEIHL 24 4" AF539 wire B30l Fig. 3-59 45 ¢]
ol8(sweep) ah= WL AZAY £ ded, M o) A
ol A el gL olFIAH (generator) o] dFsh= .
THEAE QUNF A (guide curve) o] Pl s1ET *fgdgg;) o
Aol digtel QA o)F3tH (sweeping rule) o 2j3) TGy e
N BTN ClFATORA ool e |
B AFdME RE dugel AR HHsd FolA e i,\ !
¥ HHolF (parallel sweeping) 7 ©wo] sl2gw 20,20 TN —
. ) /////* T AT
A Fd€ 4A%F THERMIFM == spine) o HA 7 N N
. e N - / Vil
Aejof] FROZ FolA Hi t”HO]%(normal 4%72,//////
sweeping) ¢] F7HA oI5t HE Aol olFy a8 (a) two section curves and wire model (pitch=27mn)
ot FHE A Hel v ofr)d Fotste o
€9 54 FeRA FolN: whiaN M xe]g X *es2 basic”
2 A7se] oFolxy AAFH (ruled surface) O O 9 B 0.8, (010 (000
ZHo] AAdFET :s:fo?z:f;{(o,zo,zo).(o.to.o).(o,ao.zu).(o,wr:.o)"
EY, o Aol 4§ THIUS 23y mi |
349 Bge) HH, 95 9 Bezier2H3 o] S0l /Q =
iw ez g4 Hel 2 5E gL ol 7 Sy /2:;//;%7%
e, w;%/ff%ﬁ
O Ad ¢ =5 Hel Ho® Hold A “I(x,y)"
TE ‘Ix,y2)"2 HJdE AL Q= NE (b) two section curves and wire model (pltch=27/m)
oz geldd, Fig. 3-5 Modeling of sculptured surface by the
O Az Hell Fol" TN A rixy), parallel sweeping of section curve
TEE Ty 2, R'2 Hod de o
TR diste] ub4 RE Hele 932 3.2.2. HUMoISO ot ARIH HA MH
A ol El T} el Heolgo] oF Iel A MAA =
O Bezier34 : JBHL ovjale “blx,, ), (X, V,) FARHo] VEFHL “Jrﬂ'*i aUE HYsA o%
..... Xo v BT b (x, v, 2), Fozx HUe AAshcd welo, drldMe Faa
X Vo2, oo (X v 2) " HH 08 g X Hwol 7|F ﬁ*oll thated MWW (normal
FAAE HEE Ave dudE 2 plane) & FA4sHEAM 71EFHE weln olFstq Fw
Hog AHoldr} & A g dgd 53T 4 DCE 239 FT
ojg3 o] YHAME Holdle 2143 oi= Fig 3-5 4ol gHow HoshAl Hrh Fig 360 Ao Eo
oA Fig. 3-7o1 ZAM = e} g, oJF el Y dAd wE M PR o} I
Z2RE ANE wire BFol oA =o] ot
2.1, YOS <3t ARl HA MAH
‘3‘(‘_91 ol A=A DC(Drive Curve)2 B2+ 3.2.3. HMAHO| o3t ARIH HA AN
3291 el FMo] 1&FM BC (Basic Curve) 2 BEHHE olFHH osfN olFuPsie] ITug
FEE FH54E wEd gl ol%se 43S st 99 TR A9 gEA, FolAE 2
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" 1(30,%0,0)7 .
" oe(30,70,0),12° !

:
©r(10,70,0),127 . ORI

" r(70.30,0),32° 10,0

T r(36,30,0),127 |

* 1(30,50,0)" . . A~

(a) two section curves and wire model (pitch=2un)

8

“sn0214a1”

“ 1(-60,0)"

© r(-55,30),10"
[ T 1(-40,30)7
“sn0214b2” T or(-35,10),107
" 1(60,75,0)7 T 1(-20,10)"
= 1(60,90,0)" T or(-20,20),10"
* 1(90,90,0)" T 1(-10,20)"
~ 1(90,60,0)" BRICH N
" 1{80,60,0)"
< 1(60,75,0)"

(b) two section curves and wire model (pitch=2nzn)

Fig. 3-6 Modeling of sculptured
normal sweeping of section curve

surface by the

2 betha2
“ss1 curvel” . |
“ b(0,0,0),(50,0,25),(100,0,0) i
2 |
"sst curve2” 1
" 5(0.100.25).(50,\00,0],(‘00.100,25) |
“eng” ;.

(a) two section curves and wire model (pitch=2nn)

1

"003b”

- »(6,0,0),(30,0,20),(50,0,-19),(70,0,20),(100,0,0)"
I

1
"003¢” .
“ b(30,100,-20)},(50,100,10),(70,100,-20)

(b) two section curves and wire model (pitch=2znxr)

Fig. 3-7 Modeling of linear

connection of section curve

sculptured by the
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A7l ME F FFAE tishy Ao r o d

N HeolFel Aoz sgHo FYYRE YA
Jo|Rol oo} o]lFAHe E43 Hef
A A4 (linear
AfEEe] wire E¥o|

gt o] F4
2R FolAe F dUEIA AlelE
connection) 3to] A H
Fig. 3-7¢ o5} ith

4. NC 712 FEe MAMal DNC 7I2

4.1, 37E29 MM

H "oleh} FUHFRERE 7138 FHd dig 3
4 ARl BUE °& 7IE3] A% FFY olF
#2822 AASA "ot NC 7t8eld T19 9x&
vehlEs #AE#3E CL(cutter location) tloeletxz 3
o diAle ZIAEE A dolA SR HATRS e
£ ball-end mille] #2 Alg=e AR d7]eNe
FTFY vy Y& 7Feg 59 CL HoEE FA
Al =Hw, F3e AUtEE % o CL dHolglA
Folzle A& wEgM FFolA €4

drier CL diolels AHFTY £F9 A4
Tl HA (offset) F, 7I1FFA T s FENY
o HAARR T3 deh B AFqMe 4 4A
AAelH BPE wire 2F9 dHolgtg 7IAx 49
AHEE wire dlolElet FFUAHE Yo YxE
se 23AE Bt FFPAR (cutter path) & HA4F
o HAZLEAC AREE JEE FEEA &l st
of Bt 2 HAG9 FFE ALA HAW, CL
olEle AHA AME FFHT & HAY FFE A3}
T AL 7MAEA wire HolgR RE FEoEH FF
o] Aol7t thgel dAEE 98 ARKE Brh
T dA wire 744 (pitch) Bop & W73 $F4E A
£ dol= Fig 4-10149} 2o] AAs= wired] &4
ol dolgoan HAHAlel Humz g ATME
FFARY AT olE Iyl At ot
e ez AR

D) 34 AAFAAAA BAE wire 2Hol dste F
Fubgo| sidse wire 7HH (pitch) g +Y9HgoR
3] o|F (shift) @ YL A olAT} e



rg=ygdgsts=; 98 A1a

cutter (ball-end mill)

-~.

wire data

Fig.

wire E¥7el F(union) o FAHANL 3
2) wire Z¥ol tiste] ool 1) o=

o] FAANL Tl ANE TFEARANN BEs
dre) wiredolels sl J1Y 2 FAERS B
FozH, 1/M9 wire doletde FF AR d(d<
pitchX2) Q! F47} olgdhs Ao, Yl I¥sle=
wire dlojetst FH7HIE dos)x 4A ©vk Fig 4-
2v ¥4 HARHAM ANE wire ¥ oo g
e FTBRE ANT AL JdAsa U

* wire model— cutter (pitch=>5uz)

% wire model-—> cutter

(pitch=>57nz)

Fig. 4-2 Example of cutter path drawing on the

basis of wire model

4-1 Cutter path and overcut
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4.2. NC H3¥ M4 3 DNC 72

YA FTARE o439 NC 7147 742g 4
A=E NC 93& 43 P Y48 Inoem
FE 9% & e AN A2E CL dolgs
olg3ste] NC 7147} e4& 4 9l NC =2 wWg
A7 Aglelgt @ 4 Atk o] CL wolele)
A2l (post processing) 2t k=], ol& 7lAlg A7
Aoty M2 danz o 7)Ae 2 =29 (post
porocessor) o] lojo} it}

2 AFdME FT7 AEEQ oFo] Fojx: 7
TREE webd dEugozal JFERE =
way Waez oFgtezy JAviEE e
F4 stnzx g o HERD Be HAs
AFY dovt Aded, ol NC 7189 444 u
U= 940 8% 247 "o 2 A2dgdMe
AHEAE AFEY digeh: aeE Y FUe B
94 Fig 4-3o1 Ueld Az go] NC zx 9=
239 W3 (Program No ), #HA 4% 9 (least

one-
32

£,

input increment;um), ¥+ WMz (Tool No, ), 23
& (Tool Diameter;um), FF ®A W3 (Tool
compensation No.), &7 BAZ (W, F23A5

(rpm), ol$4% (mm/min), HHF FFo|%L 9%
A2 A gol(mm)o 2L slF¥zd L IR
59 doletg d¥FozM Y NC 7Ad wg 3
JHofFl 2ZEgole] Helo] olste] NC FHE AA
T} 4 olojA] HFEEe NC 7]AIZk RS-232C Q]
#o] A (interface) & F3led DNC (Direct Numerical
Control) Ao o]FojHozW HAsIZe] Eoj7}A ¢
t}.

: Ceneration of NC commands on the basis of wire ceta : XKoo, Y H

*t You can load any wire data stored in Disk Unit:A sz
EEIIEIIL TEL

Load File name ? psks .cmQ FILE NAME : pSk§ . cm0
NC commands szaxszrs srs mn.unit = .01
File name ? psks .cm0 pitch = §

PROGRAM No. ? 501 NC.UNIT (,um) 7 1609
TOOL No. 7 1
TOOL C.No. ? 2
SPEED (rom) 72
FEED (mm/min} * TOP Z (mm) ? 25

TOOtL Dia (,um) ? 10000
TOOL C.R (,um) ? 5000

Fig. 4-3 Generation of NC commands on the basis
of wire data



‘ T8 - olFF - HF A -

ool HAE 4ol tE dA NC 7hsel 4%
ZHstE, Fig 4-4v NC HHo] 22 (list) & ZHHE
2847 Aog olfd NC ®BHe d2A(floppy
disk) o] AFelo] FFol| 7jAZIEA o]&3tA =AY
£E A3 RS-232CE 3§39 7lwel A&5e NCYI
A, el R=E wHEAAM AFsA B

TIRSL0,000 S 440 T1RSLO.000 S4A()

z x
(Lx501) (82503)
N1 GO XeD Y+0 24100 N1 GO X+0 Y+0 24100
K2 617 T 1 K2 G17 T 3
K3 GO X-15 ¥ 0 % <5 K3 G0 X-15 Y 0 2 <5
N £ 800 Ne £ 1000
N5 G0 2 ¢ NS GO 2 1,38
HE GV X O F 1000 N8 G1 X O F 200
N1 X 517 .48 NT X 5.88 2 6.53
N® X V0 Z 3.72 NE X B.259 2 4.2
L33 X157 6.C5 L X 9
31" X 207 7.8¢ K10
AR} X 257 5,428 N9
N2 X 30 2 7.2¢ M2
N3 X 21 4.87 Nid
Nid X 20 12.0¢ N1¢
N1S X £4.42 1 € K15
N1g X EX.58 I7C
K570 X 44.42 2 0
N&? X $£.58 2 0
NET2 X 66 2 2.06
RST3 X 65 2 <, 87
N&T2 X 10 2 7.28
NSTE X T8 Y £.429
L3 X 30 2 7.8¢
N5TY X 85 7 4,08
NSTE X 9c I 3,72
K579 X 85 7 1.48
N533 X 3002 0
NS83 X 118
K582 GD I <%
NEE2 GO X-1%2 Y 10%
LE123 e
NSEE G X ©
NS86 X 0¢ 20
N527 X 338
NSBE GO 2 <5 G0 2 45
Nb23 YO TC
NESO GO 24100 24 G0 74100
N5$Y GO X+0 ¥+0 MID GC X+0 Y40 M30
5
Fig. 4-4 Example of NC part program

Fig, 4-5% ol9t 22 NC #H#EE& 71A7Ed
PCo] X UE (monitor) AellM F7e HAHZE
A Alg#ol A (simulation) AlAE Fo|t},

T8, Fig 4-62 99 Fig 4-49 NC #33& PCH
q4 RS-232CE& T3t AHAZ Ed DECKELANY
FP-2 CNC ®¥go& DNC HEAIAAN 7A7IEst
A4 FRES ade slgzd € FTAHR 59 o
& Yehix

A

u}}

%)
A

(9]

. 4

=2
==

I6¥E PCE |83 T3 Af3d

NC 7134, %told CAD/CAM A2

d7Es gD 2e FES A4

D) A48 2ERgY 79 WEe Ze 3 dolEs
ety Alguoz 2oz AMEAI} dake
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Fig.

ZHA
ez 1) ‘l\
B.098 8. 088 10C.803 M N
another dispiau Too! Path (y/n)7? [N
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