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Pencil Curve Tracing via Virtual Digitizing

Jung W. Patk*, Bo H. Kim** and Byoung K. Choi***

ABSTRACT

Pencil-curve machining, which is a single-pass ball-end milling along a concave edge on adie
surface, is widely employed in die-surface machining. The cutter-path used for pencil-curve ma-
chining, which is the trajectory of the “ball-center point’ of a bali-endmill sliding along a con-
cave-edge region on the die surface, is called pencil-curve. Presented in the paper is a pencil-
curve tracing algorithm in which “concave-type” sharp edges are computed from a “virtually di-
gitized” model of the tool-envelope surface. The resulting “initial” pencil-curves are then refined
by applying a series of fairing operations. filustrative examples and methods for enhancing ac-
curacy ate also presented. The proposed pencil-curve tracing algorithm has been successfully im-
piemented in a commercial CAM system specialized in die-machining and in the CAD/CAM sys-

tem CATIA®.

Key words : Pencil~curve, Vintual digitizing, Z-map, Pencil-curve machining
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Fig. 2. Concave-edge tracing on the Tool-Envelope Surface (TES).
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Fig. 3. Construction of a Vertical Cross Section (VCS).
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Fig. 4. Determination of 3D pencil-point and wall-direction.

PHCAD,/CAMELS] =84 A2 Al 45 197d 129



A 2SR NEsTd 32 257

oF7)A, "HHHF 7)1F k> 1.

AA HE7ige QoM AT ale] uhere FA3e)
ol o] HAFIEE Ao zH 33U
{(down-milling)e] =]4} ke Ze] vpA]sict.

&g ol FAL "Gold', “Silver, “Bronze’, £
"Clay' 2 552 viZlch o] £rc & =l
A ARG Ao} BAdel] A]lEhe ALE, {4 2z
map?) ¥ sidollA] shdstglg of "HAYY o] AT
Aquigc}. "Cay & #3% REYEA Aslidi=, 5.
1ol Adedshs 2] MeFAde] HAE]” iAol
A AfAlA RE FZEH o 2 Yotsle & & gic) uf
2} Ao R =, "Clay o199 §F2 FUF §
o2 B £ A & Ae49 538 97 o
Y& thea -2 bl A (heuristic) 77 3-2 AHE-gkc}.

"Gold" i 0,=0

else "Silver” iflot+00) /{00 +0,) < €,

else Bronze” iflo+0u)/ (o +0,) < &,

else "Clay’ (6)

o}714, g+ “silver-point 71" &3 “bronze-point

71=".

A3 82 7 AEDES AR 23
o] RXE z-o| 7lgdlt). A&} =l FE )
9 Afele g 2L 7SS 2184 %
{default value)2 & A}4ahz 7o) Agat Aoy 3
o ot

» AYZIBA (3 1=20"

« On-grid 712 (@)): k,=4.

« 32903 1A G k=2,

» Silver-point 7)&(21(6)): €.=0.01.
» Bronze-point 7| Z(A(6)): €,=0.07.

oldf 2t 7|Fge] AL o A} $4d
AYNE" 9 Ag, Yk Zels S FTE
AL zmap(A A7 =0.7~1.0 mm)22 T3}y
S o, ¥ 257e] gho) o+, 220°F &k Wl
ZANE 2PIQ)eGe, 7FEell HYRH) MM
3512 olrt. "On-grid 7|5 & 2l 4kxle| %
< 4AE) 3P 2Aclw@34 Az, "Hx
718 MEFA ke 2Hslr] i 27o|
s, 47 7188 Ade AP G2 golo]
HEg o) AYHY FIE o) 2] 24+ Y

“Bronze-point 7)&(&,) ¥ silver-point 7] F(e )
e Abeat =l s Fae A dlH(eg, FE, o,
3, dagase) s 38 2d)e e £

Hoz AL golrh 4 FYude] Foixx ¥
Fubdet gt o] ol E 3T FUE o, §>0(e,
MN&3o] Salshs Al L5 2] {E;: i=l, ..,
m}7t EaA%c}. old] TrEwAtel TAE= 2
25 sAele] AEHE (P i=1, .., njoll A 5
ZEuE {(oraddaro)) e HAGHE) R g
(oY A 2lew, of] didel A& I Y 0,9
HEE Ask] 27t e(=0.07) o £ (001)2 47
stedeh. slgeletd, e lE o] Samuiel sht
5 F709) LB 2bol cjgh F4A Brral wiwl, ¥
NEe 087 o] Yoz e Wy o i A
A= 7]Ee] "ok F, zzmap2| S4AH o +a,)>
K, 2 Z9-2he AA W) opd A} wklE =
dl, o] & A 7] % A xbebz & 5 o)

vpz| 02 AJ(3)~(6)l| 4] A 2T e 2
map S AR (vertical plane)te] whadel|4]
Aejd "2ANAedE A geirlel st &, "y
¥ e B7L A polld WEFA 2w A
AHaitilted plane)a} z-map b2l A fjeljA
s}ofo} Fr}.

etk QEZE AAaralr] $1gh 2 wilo)
Fig. 5o Yeht vk Fig. S-a p,2] 24 2274
o7} x-H 3k PR km ko) Aol 7o)} o] 23]

(a) X-directional VCS

" n Vertical plane

plane

{b) Y-directional VCS
Fig. 5. Concave-angle and tilt-angle.
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Fig. 6. Steps for generating a mark-map.

ol B.xol, AHE(F, py g Avte FE4)E T4
o2 £ANE 8, tF Aol AH AAE A
A% 4 Sl Fig. S olg AW 9 AAAE
yz 9992 Aoz vehyglet. o) 230 23y,
y g pAGRIAde A pelld] & o)FEA
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A, 24 252 o fgshe AWt o574
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4 BEAHQ] LT FHE HF EvGAR
A1, MEAe] 2 7hgAdel v RE 2549
(concave regionsys- 2219 wjd M[i, j)(mark-map)$]
of A3k}, ol2{t mark-map FEHH S oh5-5
o] =g 4 A} Fig. 6).

Construct_mark-map (Z[5, j], Pr=> M4 j]):

1. Input: Z-map model Z[, j], Filleting radius pg..;

2. Generate a fillet z-map F[; j] +- Upward-offset-

ting followed by a downward-offsetting using

}ZFCAD/CAMEE] =83 A2 & 43 1997 129

the same offset-distance pe.

3. Generate a difference z-map D[i, j] — F[i, jI-Z[;,
j) forall 4 j.

4. For all ¢, j do { if D[; ;> € and "Z[;, j] is con-
cave in x- or y-directional VCS™ then mark the
grid-point (t.e. set M[i, j]=1), else set M[;, j1=0 }.

TR AAdde) A FGAuAge Pra=3YY: A A}
ZHA et

7] W& sk dae|EE dusb|d
o, SHeEA B Asfulers FA shte] A&
(FH512) ¥ FE 13he v $F 93 B
o ¥ e 4129 Aozt b ze] A
2% 4 9ok

Get_pencil-point(MCP, MD = Pencil-point, Wall-

location, Quality);

1. Input: MCP (maximal concave-point); MD
{marching-direction);

2. Compute the “true” concave-angles g for j=1, 2,
3, 4 at the MCP.

3. If the sharpness condition (3) is not true, then
Pencil-point “Null” and stop.

4. If the on-grid condition (4) is true, then Pencil-
point MCP, else the Pencil-point is determined
from the construction given in Figure 4-h.

5. Determine the Wall-location with respect to the
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MD by vsing the rule (5).

6. Determine the Quality by applying the rule (6).

o] H), £7) M= (initial pencil-point: IPP}E &4
% F dxelEFS YR Yo mE A
M2 "¥ A A2 (marked grid-point, M[i, jl=1)
0.2 o] R & "¥.A|%d % (marked regions) 5o
zA slmg, AeY e B Aol Az
HEg tr). %, HA ARG x- Wy £
deidbel S BHE e ¥, Fole o) Ex|
$he SARTEE Al ZAbse] 27) WEHE
Z1&3c) FAHLE, 27) Wy U 2| g
(imtial marching-direction: IMD)S 7} &sH= A&
chg-2 ek

Detect_initial-pencil-point(M[i, j]=IPP,

Wall-location, Quality, M[i, 1%

1. Input: mark-map M[i, f];

2. Find a marked grid-point from M[; j|; If not
found then IPP "Nult™ and stop;

3. For the marked grid-point, find an MCP from
the x-direcitonal VCS and then
1) set its IMD, to "+y" or "-y", and
2) call Get_pencil-point{tMCP, IMD=IPP,,
Wall-locationx, Quality,);

4. For the marked grid-point, find an MCP from
the y-direcitonal VCS and then
1) set its IMD, to “+x" or “-x", and
2) call Get_pencil-point(MCP,
Wall-locationy, Qualityy);

5. M(IPP,=IPP,="Null") or (Quality,=Quality, 2
“Clay”), then reset the marked grid-point to
zero(M[i./)=0) and go to Step 2.

6. 1f Quality, is better than Quality, then z x, else z y.

7. Return(IPP,, IMD,, Wall-location,, Quality,).

oluf, 28] 3 & 4ofl] TR EH L g4} E3)

Y Zlojaw, &7|zlsPaRe Joj2 A=y 4 Qv
(2 shie] Alaigako F v FAshAl "ol 25
22, A7) dueiss ML jYdl B4 Azpgol &
ANtz A8 FEY 2] Reg S A2+ Qe

IMD,

IMD,=1PP,,

43 MM &3

27] AeAdy Fsiod, o o1} YWY + A
€ o 72 Bg WSS W3 ARE ALY
L2824 AAg hte] WEFAe A5 At o
S APE A7) A8k TEAT WEH o] bl
"zl Ak 2K marching-celly & o] ¥ek(Fig. 7). oldf

(2) Single cell (off-grid pencil-point)

+y Front
DY

Left Right

+X

(b) Double cell {or-grid pencil-point)
Fig. 7. Marching-cell for pencil-curve tracing (MD="+y" ).

off-grid HEAol e A= " dk(single-cell) &
% 03} (Fig. 7-a), on-grid MESHL “o]FAalz]
{double-cell) & % 2)3hch(Fig. 7-b). W&TA & )
HEAE AH APdats St ¥, o5 A&H
£ Al 2 ARHeel F Bleldet aeba b
Aol stz 4 o) AL APate] & W
(side}dlol] Y Aolct. F, 2 (Lefiside), 4
{Front-side), == 2-#(Right-side) 5 3}}7} ot

o] 3/hel Wl F W oR MrFAle] wlofd o,
“Blofii whsF' & 717} Left-Ditection(LD), Front-
Diteciton(FD), Right-Direction(RD)°. & Y 27]2 3}
2}, wiek ") Al sfupero] “+y" el 7L(Fig. 7). W]
v ek ' (LD), “+y"(FD), “+x (RDY} ).
drbd o g, oz g2l fuksHCMD)el ofsf
4l Wojuhs Wk ok o)

ifCMD="+x") then {LD="+y"; FD="+x"; RD="y"}
if{CMD="x") then {LD="y"; FD="--x": RD="+y"}
ifCMD = "+y") then {LD="x"; FD="4y"; RD="4x"}
if(CMD="y") then {LD="+x"; FD="—y"; RD="x"}

At ohg ML3o] 37 ¥ F shdel Zaald, o)
e & Moz A sy, vlojtes ke
QA guleko g xA3 F A& 4S8 A x3c)
A= ol 4 tohd BEH-E “pencil-curve-list” 2.
¥ 2 & linked-list R} 5770l A8}, W&H-L 7
4 pAgPAre] ¥4 AR FAIFGL 002
ohe}.

¥FCAD,//CAMEE] =74 A2 435 19979 124



260 A, uy, g

ol AR e =R & wiged iy dejen
28 Agsle due]ES Aol g}
F, 94 W&y 2 AR APupo] Folgd o,
g 954 R o AWPS IHFe Y F
ofck. 3714} AHEHE Bl Thedt ek,
» CPP % NPP=8xl] 3 t}8 <2 (current & next
pencil-point).
»CMD % NMD=¥l % t}g Z8uk3k(current &
next marching-direction).
* MCP==Zd| £ 24 (maximal concave-point).
» LD, FD 3 RD=Left-, Front- 3 Right-direction.
 VCS=42 hd(vestical cross-section).

Marching_next-peuncil-point(CPP, CMD=NPP,
NMD};

1. Input: CPP(current pencii-point); CMD(current

marching-direction);

2. For given CPP and CMD, construct a marching-
cell and assign its exiting-directions (i.e. the
values of LD, FD, and RD) according to(8).

3. If an MCP is found on the Left-side, call Get_
pencil-point{MCP, LD=>NPP,,..).

4. If an MCP is found on the Front-side, call Get_
pencil-point{MCP, FD=NPP;, ..).

5. If an MCP is found on the Right-side, call Get_
pencil-poind( MCP, RD=NPP,, ..}.

6. If no NPP is found from the above threc steps,
return(NPP="Null") and stop.

7. If more than one valid NPP are obtained, then
the one having the same Wall-location as that
of the CPP is selected and return its NPP and
NMD.

8. Store the CPP in the pencil-curve-list and reset
al) the marked grid-points located on the current
VCS.

A7) 2aeEs ek 540 }AgwinA
(NPP="Nall"al #$), =& 2&27] dA&YE oy
abgd 9 7AX|(NPP=IPP]] 7-%-) 5] Fe] . o],
A HA Bf-oli= 27) Yo 2w i
2 3 oA AsE AR o)A, z-mapite] =
E AEF4AE @Y A3k AL oS3
2ol Al 4 gk

Procedure_pencil-curve-detection-and-tracing( );

1. Construct_mark-map(Z[i, j], p=Mli, jI); // p=
3y: fillet radius//
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2. Detect_initial-pencil-point(M[i, jI=>IPP, MD,

Wall-location, Quality, M[i j1);

3. If(IPP="Null"}) then stop.

//Set flag for restarting the
marching operation//

. CPP=IPP; CMD=IMD; //Set current pencil-point
and marching-direction//

6. Repeat {Marching_next-pencil-point(CPP,
CMD=NPP, NMD); CPP=NPP; CMD=NMD;}
until(NPP="Null") or (NPP=IPP);

7. If(NPP=IPP) then go to Step 2; //A closed pen-
cil-curve has been obtained//

8. If(NPP="Null") and(Pass="First-pass’) then
{Pass="Second-pass’; CPP=IPP; CMD=IMD;
Go to Step 6} else {Go 10 Step 2}; //An open
pencii-curve//

A7) Ao AnaA 271 Ae3A A 7Y
4 ot o) 271 #MSFAL Al "FE Ex¢E
B2, AL7HE 4 37 A 2R AHst siA
=534 wrerl” #Ajo] dasic)

4. Pass="First-pass’;

N

5. HE=M CHS7j(refinement)

439 "MEFA Y - 24" fAHg g A
4L TAle EAste UHHAY () Fdaokd
sgel)e 3 qlated 7pgedl HstA g o AUrk
#HAd AUsE vadg A »eydyn 3704 (gong-
ing)e) §lv TTHES HE7] sl 27| WeT
Ao} F7pA]l gy Hade] Badt o o
Z7) HR-L A slei(preprocessing),” A F W3}
Y % 2] 2] (postprocessing) A2 o] Fofalcl,

5.1 27| RgIMo) A2

Axge 27] defAd Agezye FAY
DEFAE 23 Ao} o] IR A FA
BETAL ol e wakg 2A4sta,”
A A7 AP HREch $4 DEeP FA
] “Clay’ ¢l % 2 A& “clay-point” 2 G ol3}t 7w,
WETA )4 clay-point?} A s ulE-E clay-
ratio” 2k37 8hxb. ek MEF A9l clay-ratiort At
AA A 22 Aozt b A 7)o T3]
2] opglct. aleia] 2 s FH H F949
HE o] gste] BAj el 53} 2L A9l g FF
&of, 2AE seFA2 dxe Jxe) glo} 43
3 W},

3
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1. 4R clay-point?] 7R57E 0o o] T4
4 (chmenl}% AbA| gt
2. Clay~ratio7} . & v #M&33A-E 4agict.
. o7t tp ofubagl MSTai e Abafgic}.
4. F4 $Zol FHo| 3l Z(F, Walllo-
cation="Right" ) W& 410 WHeF& =PI},
S. 5 Wzt Asjzh 2o T 7ke) 33}
A -y I o1sliA £ Aol 7t B3e) A
Hl¥kend tangent)e| -ZA1H(collinear)eld, T+
RAL3 21§ o34 ghcl(concatenation).
ol Azl e} U (sensitivityye "]
71t el dAjoa Agale) 23k xAdel rhg3}
t}, 712 4933k (default value)e vh&d 2o, o
= rhopet el g H2E A3g B41se] A
Azl Wadgt gholol

» Clay-segment tolerance: n.=10.

L

+ Clay-ratio tolerance: r,=50%.
» Pencil-carve length tolerance: =10y (. AR A).
+ Concatenation tolerance: le=5y.

5.2 HiEXT HEsHfairing)
|52 2e] 3xbe] Holl oig)d BYEE 98l
AL 3L AE r=(x, v, 7)F 23 " 4
X (domain-coordinate) p=(x;, y)ek "FolT #=HE
(height-coordinate) g=(s, z)Z £&| THFig 8). o
714 s WeFAe] Aoy Al o8 A
gt

5y :-iripi —pia| forj=12 - withsa=0 (9)

o
J

2

=(si, z))

=

———— ¥

S0 31 82 853 $4 35 8¢

(a)
(c) Height coordinates
, &
Pi= u,y)
|
. M’

{0) Domain Coordinates {d) Saw-teeth pattemn

Fig. 8. Decomposition of 3D pencil-points.

E =EelA AT P Aidifference)s o)
&3, oded HF {pio} £l AT {g) Tzel] o
d g -e A HYHF PP} F HAe 8
F B o ST A F A £ o] Fo] At

1. "B uied(saw-tceth pattern) o] ¥}t local stra-

ightening(Fig. 8-d).

2. 22}¢ 49 global smoothing.

A4, 3&Y AT {rj}ell A oz} RS c}L3}
3ol zolghel.

D =D\ D\ with D] =vr, (10

n=22d wf A(10)% 022 Fo8, A re) "ol
AR 912(5 ) The R 2ok

£ =0, 41, /2. (11-a)
VEETER R, n=4ed W A(10)2 022 T “ojabH
ol” 912 (rye vhga4 2}

rj.z(r;-ﬁrj-t)/z*‘f(rj-l"'j-z )J+(E-E )6 (11-b)

A7) 220 2 PEEA] 11-a) D 43} 2R g
FA 11-b)e) AAAQ 26l F Fig. 99 Hol gl
o} &, 23} aF JPH = FAHE A3 8oL, b
off 42} A H¥ 3= iAol FUT HYFFH F
B(curvamreyg Q&3 sl AAE Zizigly 4

ch ZhE Al(LE-b)e] A EgH(sum-of-squares)T} B-A}
3 oFS AFEA9] global smoothness measure 2 A}
I R 100 SRS e R R

local-straightening olf

4]

2) R
l"; et

() 2nd-difference = 0

(o) 4th-differance = 0

Fig. 9. Physical meaning of the difference fairing.
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25} 213 R3S AHS-33, global-smoothingol &
42} AP HYA3F AH-shcl

s A ]IEAgE @A g9 2B
7o) #U¥R| o.nR, P7) FE3} AL Ag3)
19 &7 o](chord-lenght)ell ¥ AF3H(normaliza-
tion)’} 9 83jr}. o] & sl b5} AL WA F
x4 2]8}7| 2 b}

d=| Bt b dy=l ver] do=| o | dia=| et |

aed, A0S o3 2L ek 388 Y
2 2E 5 vt

d d
l"j’= l;L r’.+l o+ ;lrj_]]/z =m (12-&)

a5 2,
. [a d
r; =m+[d—_02 ria—t_at d—_“z riy —rj+2]/6
(12-b)

A7V A, dy=(d, + du)2 o]e}.

o)), A(12)e dy=d,=d,=d,, d W (11 $L
e < 4 Al

olA) A1l A & A, AR UG
o] o) B3 AN r & oA A2 53}
3 92 rol AP 2 Halel AL &,

r;=r;+® - (r;-r;) subject to |, -rj]|<T, (13)

oJ7)4, @ damping factor: P[0, 1), 1& fair-

ing tolerance.

2 (13)2] Z=& “7}14) 22} (damping correction) ©)
B E 3, O 0.4~0.62) el F= Ae) A
k2 Pt

521 Y= T BEH

393 E {p}ol N¥t HaAe A4, olAal ¢
) p& YFEE JYIA(12)22 A F,

d. d
P ==L pjnt S pia|/2=m (14-a)
d, 2,
) d d
P =m+lgi Pi-1—Pj-2t d_o Pis _Pj+2]/6
-2 +2
(14-b)

714, do=(d, + d\1)2 1%
& {d}e ok Aot

d=| PPy | do=| Bampils

YFCAD, /CAMEY =53] A2 A 435 1973 124

d, = PPy [ dyz=| PpaP |

22} X B2 (140 MR d9H4EE
FarAoe Hed AHSE, 43 AR gy A
(14bye global-smoothingol| AH-€t}. (142)%H (14b)
2% CEE 42 p’ 5 921 5 p R UH¥A p,
ol efs) A3yl 23 A2 L A-4Prt

p,"=p;+@, - (p-p;) subject to |p,"-pj|<T (15)

7] 4], @& damping factor, T, fairing tolerance.

5.2.2 ¥0|=tE HEs

FolAE FUs 5L AT {g=(s,z2)}d ¥
o1k {zyih& $3ol L, 2 TFEHE HEs) AL A
9= A 23 dgake] ¥ o|(domain chord-
length) {s;} & AH3che Aot 4 {d}E chs
5} 220 A <l8).

do=s;2=siul; A =1si,-5; 1

d,= |Sj+1" j|; d;= |sj+2_sj+1l

oAl AUDZYE che o] {g(s, e het 4
2 FYH Ae FL4 Yok

d.

d+l
L= — +—z,,|/2=m 16-a
z} [do zj-l-l d(} z} ]] ( )

d d
Z_;" =m + |:ED—(ZJ-_1 -2; )+ d—o(z}-“ -~ zj+2)} /6
=2 +2

(16-b)

7|2, dy =(d, + d.,)/2 °)c}.
3oz 3 Hgel fARMA, ‘=T $A4 g'e o
23 2& ZAYA L A

3"=z'+®, - (z7z)) subject to Iz"z]|<T, an

§7) 2], d, damping factor, 7, fairing tolerance.
523 MAF! H@st HAL
A FAA S Eelo 2Ast, AMH T AY
3} 34L& ofg3) Fof Aeld £ gl
1. A)(14-2) S5yl 2] {pj}e] local “saw-teeth
pattern” straightening.
2. A](14-b) R(15)Y) 23 {pj}2] global smoothing.
3. A)(16-2) RN 7 {z}9) local “saw-teeth
pattem’” straightening.
4, A(16-2) B (172l 21%F {zj}2] global smoothing,
zt el & 2HA(15) £ (17 i 43}
A Hed, 3 2R3 (iterationyo A v = Sk (deviation)
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o] Joi(local maximum)! HH& FZo|z, o o4
F24 AAdel & vl g Fdieh

Fdstd, o]l 912 pi(EE 2% 4HA pi
(e )] A3 A% vig k&5 el A
osll e o,

viElp'-pil/ |PiiPrd B vi=lz) 2/ 20-24] (18)

local straightening2] 73-%, jH A 1HAHL o5 =4
o] WEH wjolivt ALY, F,

Y 2max (vj-ls vj+l)

%& global smoothing?| 7%, jH = gl¥YL g
Z710] BEY doft 2A R &,

viZmax (Vi Viys Vs Vi)

53 xa

e ¥ Y33} 3] sknd A&FJAdel alal)
A A 7FE Y% 714 AH=ivh 3. %
= glet. o)2dt HEEe 1) 2% F4 nil
(spline-curve fitting), 2) Al &3 (remeshing), 3) 377
A7 AHgouge-checking)5-e] dlr}. 41, R&EFTAE
Helsle ¥ dlelelw 33 ~Feql T4 WAe
rational B-spline 2.2 ¥ 7k 4~ gjepi* ™

Aot PLFH-E BY AN FA(composite
parametric curve)E Yehj9l, ¥ T o g e 7o
g 3AY HEE o FEFe2H Y " o4
T WEFAHE deceld, HA=y2(rHA7L
A). 2B =x, o) AE AL FFHAAAAL F 9
g TNl A (B3 3k=0.000 mm) 8 A4}
(piecewise linear approximation)ell 2)3l Fr}x o
Helole] & ol == gho)

obz) st Al WeFaAte] 7 (WEH)el o
g AR, RedS Balley FHAEeR F

ClL-surface

Part
surface

Moving direction for
gouging-avoidance

f‘\ Penci point

T~ Gouging

p
W

» X

Fig. 10. Gouge checking.

2 37 vlkst 43U BYA2E FAY
t}(F‘-g 10). O]tﬂ %—?-ZLAJQI t!!l';aﬂ‘{"_. 7{1'*,101 3_101
A% FPE BAFES Hw Ak

6. MET SN

2 =T A deFAad 34 gL dA
o7 THA FHFE M AHREE A4
CAM A2g¥ 9 CATIA A|Adld] F=e] AL
Foje}. ¥7HA) w3t AL, 2 WA e| 2]3) o]
A AETAe] FAE zmape] AARA (ol I
£ bt Aotk F, y& 014 AUEE Fol
ek, 2tk b gastd, ANz 9 vilRe 8
7} G733 Fr1gh) olu), AR 279 YAF
o) f3l, z-map 2. L2| o 2] ARE-E(14) ) ¥}
3, zzmap {-AE AAAIZRE ZAA e 2 (1)
vl gich o o Y z-mape] Hoj M o2,
100MB2] = of2e]8 zk¥ EWS(Enginecring Wor-
kstation)2] 74-$- ok 40MB7Leko|chR- e A] 5-A] <l
20 z-map 2ol H]F ej 2]’} 87}, o]
g ol f- 2, A T2 FY JlEA v F99
Aziof ae} Pz 0.4 mm08mmPr A
Aot 9lr}.

v, o9k AU AP (04<y<0.8)
& AR A4 A R 5 Qdke
A7) A7) o]2i% Al oh S e yyo
HAY = sledl, 1) 7] AEFAL "seed” FAIL
2 Abe} o} E 427 ub (numerical methodye: A8
slo] AGR) AEFAE A4 3, 2) HESY a-
daptive sampling scheme-2 A}-&-8h= 7o)}, &2 CA-
TIA A)2dellr= R A uha S stz ghe) £
e F-9e Aoy ohgd g 3712 whde] 7%
g, 1) quad-tree 55 A3} adaptive subdivision
scheme, 2) 2| AR ddof] oy 2bz AU z-map(U+3
core zzmaprS $7kshe B, zelw 3) AW oo
o &3 HAlerel(grd-edgelteg FopHd A
dle]e] &) Mt AR o] 4713 H$E =
5z At A A S gYsigde B} 7R
of 2GR 2R}, AS ) nl2cFAA
A8che 3-8 7l ep gadsldct

£ ule] Aidg x-ubsk oA Bal A
£ Fig. 1104 &< glc}. $4, % Azbg-& 97234
= ARES AArde)(gridedge)@ty 82} G
o) 254d& dFste Azbeye]abelld XA
T A E 22 HelolHE FUH e sl
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Initial z-map point
E-map point \

Maxinal
A concave-point (MCP)

(b)

(a) CAD-data

(b) Pencil-curves on the CL Z-map

Fig. 12. Pencil-curve tracing for an inner panel stamping-die.

(Fig. 11-a), 7t AellA] FFEatgle] Folgtd 5%
o} o] G A 7P R &3 FolatE e-map A
(e-map pointyet T &twl, e-map 32 7A1i= z-map2
EZ-map 2.2 3l

74, “WN&FA G4 ¢ 34" &S ok
71e] 42 7|A Fig. 11-bol| B9l 73} 22 EZ-
map®) 2 ciwel s H-4o) 7153, AR 2
7] &AL ohisA 2 g7 A AAES
ot AR TR oM FRdAe] 2 Az
A 2] 9]l 97Re] e-map Y& PO g &3}
33, ol dlREe FUsFTA S8 HoE #
o Sk Ao, Wee 87E da TP
2REEEA e As o 50% Foh) HES
o] AAT= 1] E S8t e Ze)oh uhg
EZ-map g ARR3IA] Qv A9, SUT e T4
o] 875 z-map o2 2]= 1007} = Zeoict.
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7. HE Al

Z-map #5A AAde] & o) F Fig. 120 He|z
gl & oAlAdlle £43 F= 3] 39 v
24, 25 226709 Tioer FA=®, A 4
9] #7)= W=836.5 mm, H=1461.6 mmo}v}t. A=}k
A yE 0.7 mmZ FU4L o, z-map 2L 9.98 MB
o] ofjql vlee]E P 2 sigdch

£ djAotale 500 2ol =) (B4E =25 mm)e]]
g ‘del = & WErlyR e st 1 2,
®E 96702 AL£ZHE A or(Fig 12-b), IBM
RS/6000-365 EWSellA A4k 748 oh-&-a) 2hgte}.

1) Z-map 0¥ 330 =

2) Mark-map +%: 186

3y 27] W4 Y476 X

4) M &FA cHE7): 2497 &
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