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Development of a Dedicated CAM System for
Styrofoam-pattern Machining

Jung W. Park*

ABSTRACT

A dedicated CAM(Computer-Aided Manufacturing) system has been developed, which gen-
erates tool-path to machine Styrofoam stamping die-patterns in Chrysler Corporation. A previous
process to build die-patterns was to “stick build” the pattern, in which stock is cut & glued to-
gether, and then the NC machining of part-surface shape completes building a Styrofoam die-pat-
tern. The current process utilizes the developed CAM system, and almost removes the manual
work, consequently reduces the overall Icad time. The paper presents the overall system structures,
tool-path generation, and some features of Styrofoam pattemn machining.
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Fig. 1. Construction of Styrofoam-pattern.
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Fig. 3. Functional flow of Pattern-Master.
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Construct_Offset_Zmap (Zm[;, j], 6= Z[;, j]i

1. Input: Model z-map Zm[;, ], offset-distance &,

2. Make a copy of model z-map — Z[j, j];

3. Forall§ jdo {

Compute update-region {L ,, L,,,L_,, L} by
equation (4);

Composc the rectangular update-region D from
{L_nLoL_ L,k

For all grid-points(m, #)=D, update Z[m, #] by
equation(3);,

}

4. Return Z[}, j;
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{F.}, Mockup-solid {S,}, grid-interval ¥,
Machining-region M, part-surface offsct-
distance(casting-allowance) §;
2.if {F,} *= “Null" then {
call Make_ParamSurface Zmap({F,}, M, y
= Zpls j))
if 3>0 then call Construct_Offset_Zmap
@pli. j), 8= Zpls J));
call Make MockupSolid_Zmap({S,}, M, ¥
= Zs[i, D
for all  j do Z[; jl=MAX(Zpl: /1, Zs[:, j1);
} clse call Make MockupSolid Zmap({S,}, M,
r=>Z[i )
3. Return Z[;, j];
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s2xe 371 shgdlel) s & A)2ddA A4
S slol oy, 27FF2) At dloje] 9
o] o)Al HAZ YA A4S NC A= 31
7 oS Hsl== 3 glet

ANE7FEe] A, s MEFACY ={P; j=1,
ws mp)ell ol B =MAX{H-z; Vj}E AAds}s,
ho>L?) Aol 4z o2 Lig gslo 5]t
e shio] MEFACV)E AN F o) 3¢ ¥
FRAR FIBLEE s}, o)#i’t A2 CV/io)
B, <LE A5 w7R) = Fo) =9, AA 7l
QA= e WEFA CVRE CV7bA] €4
Aol 7k3-0) o] FA| & & jhch(Fig. 8).

44 3THAZ WH R EF

44127 HZ

A& 7432 T2k 7 A3 AAHA) G &S
HEe7) B, 28N A o 4T Qde]
A 517 (plunge-cut) 0]2)e] FTHT WS do 2
3ol B AR FAETke] dle TTAT
uha) o 24, (1) v}Al A Z(helical-approach) & (2)
FrEdelel dAAEE FRIEEA Al A
23l A A3 L(sloped-approach)?] F 7}x] ¥kA)S
Adstedch. AAAE PAE A WL 59| Ao}
22 JAdHPZe] 7y W Adsts el

(a) Horizontal-view

13t machining curve

2nd mach. (initial) curve

Fig. 8. Z-leveling of pencil-machining.

7 e} AA(e, ADABZRY] e 7
o} FAR Y7L FEo) UASA U HUAEE
ezt

B AladdA o] YA ZARE 4] (5)9) 32 3
49 34 (left-handed  circular-helix)o] = (Fig. 9),
CL dlelelz Aol 527 A d(point-se-
quence) dlole] & AR} o]ofl, A1) ] Ps=
£%9 27)¥o] HE 2AFrt.

=R -cost, R -sinf,c-¥), (5)
o]7)A, 0<¢<2m,

R=35474,

¢=-2 - R - tanbym,

B=m/6.

442 HE % A 7 3H=2 MY

W& 7HARE P A QSR
o) 5|2l MN&FAl(pencil-curveyS-& Al4bae} 3h,
[EF4042 Adole= Ba=2 37+ A
s 2atc}(Fig. 7). & Ao AL} Aertg A=
Aol digE 2pARRE W8-S FA e Fd (Sl Y
oleh. Aal Awdo] R} clg-2] HLFAAL g
FAle| B4 2 AeFAde] A2 7EA 9] 334

i Pa Po

(b) Vertical-view

Fig. 9. Helical cutter-approach.
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1:1!.

Aelg 71EoR Ao dA%e 24 Fo)
ZA7HS S0l 24} 39} t2-8- tldi o) gl
A$9) B ApEdlolel 44 2ol
Generate_Pencil NC(Z[;, j], R, e = NCfile)
1. Input: Master-model z-map Z[i, j], cutter-radius
R, machining-tolerance &
2. Compute pencil-curves {CV; i=1, .., n} — Z[i,
R
. Set i=1; count=1;
. Write CL-data file — CV,;
. Set CCV=CV,, EP=end point of CCV;
. Find next curve CVi with min. |[SP-EP}, where
SP=start-point of CV;;
7. Jump-link between CCV and CV;; count ++;
8. Write CL-data file «— Jump-link path, CV;;
9. If count <n then goto 5;
10. call Postprocessing( Heidenhein”, CLfile, £ =
NCfile);

270 Zhadlele] AL 42444 nHlgg
master-model z-map° 286, z-map SHE AL
AH & =Y 7o dijt CL z-map-g 33}
CL-Cartesian W9} 377325 A= E st
£ A1 7l x = yE3 38 AeRe
a2sigen], A 2704 (path-interval) & SAH 0 FZ
8 mmelrt. gt dQrF FAle] A& A, 497}
F dlele] & ARt ob5-S ZHEdlely 44 )
Rolck.

Generate_Scan_NC(Z[, j], R, {A}, {I.}, D, £ =
NCfile)

1. Input: Master-model z-map Z{[i j], cutter-radius
R, area-curves {A;}, island-curves {I;}, scanning-
direction D, machining-tolerance £;

2. call Construct Offset_Zmap(Z[i, f], R = Zo[j,
i

3. Compute/write Cartesian CL-paths — Zo[i, j],
{A), () D;

4, call Postprocessing(“Heidenhein”, CLfile, £ =
NCfile),

[= NS T N N

443cCHA 7k3

B el ojuiz)l3-e xy 2ut ofu)a} yz, 2x
Heo gt WE Y AR 7L yo|HE Qs
of ghe}. 712 xy FAS) shgvlele) A4 7)%-L
Fgahz SHA, JJHR RE 7Sl Bieg, 29
Sl 23 e, 1, )0, 0, 1)0] =& W3}

A
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&

MS A43ho 2 Alae] RAYo T = xy P4
o] 7Hgdlole] A7 S-S 2dE A4 Sl E
3jgict. old], A CL dlo]e]ol] thallAle oA
o M & Zgstodo} gl

4.4.4 Post-Processing

B AFejx] 83 NC 7]AE Heidenhein FE
05 ARt ot al2f, e ¥ A0 7S
213k CL vo]e]& A 413F ¥, post-processing 2 53}
o NC Z=E AAS=E gl 2 dFelr9
post-processing= 7|Z& Z-Master A)24)2] glo| Bz
25 g4-3lqic)

445 3THR AUS

2 Aadolde ds 2 2 7158 NC o€
B F RE FFA2C A3l Ahe AR AT
S FYIEE sk B AL 7129 g
CAM A|A€|al Z-Mastere] 5 Sol|A] tlolgt glo}
e 55 AHskled, 2oty @ RS JleS
2 Fo sholct. o)ol R ALAIF F1EAQl WS
L AT (10} 32¥ 5 Yot

A, Rel7lg2 AALA z-mapol| s Eel=rd
FTT R o738 g8, old] X7] HaA)
= 744 s R4S =Psh=(e]) xy-domaind
W37} gith Al BZoz il 2erhgo)
A5HH A2 29l zmapZw)yE L2 2,
kA A4 AR z-map(Zm)s}e] A} (difference)
z-map ZA(=Zw-Zm)g A+E 4 olch o|#§ A z-
mapl 2HE B E v)Aa) gL {4A AL
st}

oq7lellA], 3} z-map A WAL ZA) 5
7HA7} sledl, Zme] HAZ el Zwele] AE
AArele wbskd] aiel Zpz)} zupsk Aol (z-diff-
erence) @ Y A18}3 x}o|(normal-difference) 2 &
g} FALY] A folls Zmzt Zwe) Zh o) A2
oA z whske 29] Zolgh Aoluks AlalsleR A
Ato] Zbedy)t wbm, AApal dol e AA e}
& vebds ol F:219) A9, Zme] HAAH A
Aol HAE N HRFE ENG LR Zwrl
A9 A= AldsAl =Hed, g S wst
B 9l b Pade] Adle] o4 Y3 4
S1L=

o= Aot 2} z-mape] AARY Folghog
€] 5 z-map?te| Aele} 435 o= et alefy,
o] My 2 Re] sjita] nelln) HA wd7le] jo]F
B 4 9lon, A 2d z-mapilelA o] AR
£ 422 FHRFOH AR AL 9 At
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298 ¢ 4 AES ek
5. 52 At S

£ oA z3L 3 sjede] CAD RYs Y
6 sheslole] A4 oIE velm, 2122 A% A
4 v]atsjo] A A A 2o Fig. 102 37
FEoZ TAEE A5 FE A% 38 NEES
wolm Ak 2 #22] BAE Aol Y punch-
shoe’, ‘die-post, ¥ ‘ting ©]x}.

Fig. 112 ‘punch-shoc'®] £-&5! £e)lx =g o
¥} master-model z-map(A A7 =1 mm) ¢, 2] 7
2" Balem 3ol digt slE % 2 7h3dlo]H

Fig. 10. Hood outer panel die.

{¢) Cutting-simulation

Fig. 12, Machining toolpath and cutting-simulation.

£ AAYTHFig. 12-, b). A& 732 24 A
29 debTe B2 4 s 2elw, ol 7}
Solojelo) it 2ol7bE-g Fabed Al B4 W
o] 2kg el o) (Fig. 12-¢).

. Fig. 11. Master model z-map. Table 1-& Fig. 1004 Bal 33 mddf] o3, 3
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Table 1. Bench mark result of previous & cument processes
Previos Current
Process Time (hr} Process Time (hr)
Manual build(die-structure) 80 Sold modification™* 1¢

NC programming**(part-surface of die-post) 8
NC machining(feedrate=1¢ m/min) 2

NC programming***(punch-shoe, die-post, ting) 5
NC machining(feedrate=10 m/min)

Total 950

Total 24

*casting-allowance modeling, splitting
**CATIA

***Pattern-Master

2 wvllo] Fu)gl Al o4 7] &9 A2} v (Fig. 1-
ayse) Bl g Wolw gle}. 7129l $akefo] 43
73Sl vla) oF 1/4 7}3k) AZbo] 4B SS I
4 et

6. 2E ¥ 1@

£ d7e ARA a2 3o AHZE "
7Fe-8- A8 CAM A2819) 7ol 33 thFot.
E AL HLo) CAD AlAgoA a9zl 3
3 A8 P4 vl S Y vk &, z-map & 7}
Iie g Balow! Fd g ds 9 A9 S
NC dlo]e] 44 2@ IFAR 33752 7Ae)

Aty 44 CAM A 283 v| 281 & v, &
A4 CAM A 2Hle] 52 4 A4 L ohg7) 72| A
284 gl 5,
o 2|2 ] 734 A8 CAM A A4H]|,
o NC X Z 721 e] A% 2} (interaction) £ 43},
e 9 AAfEHe s gdas) feldgald o
% A3 3% NC dlole] 215 AA,
« A4 NC dle]e] 9] 245 A S5

@A) Chrysler 2%} MET&D(Mount-Eliot Tool
& Die) 372] 73-¢ 10542] NC T2 727} &
Al=ws A3l g9len], 7 AiHle] #HRog
o 22 1A #2 R ENE QS 0 AR
"t
2 AR Al pales A Tt B4

=A:

p7E 71gd) NC 7 A8

— A4 Z7HE S 3uY),

W8 AlaE AL 8 2R e ST o

NC dloje] A4 217F 2 F3 xjol FA:

>4 CAM A ~8] M4

b2 3] 2] AS b 3] 413

P NC dlele] zkg 44 U 35

— NC dlo]e] 44 Azt <& 2 FA43), 7H3-
2.5 Astel.

A, 2074 2 BE7hg ool 39 F28-

At EE5FHFAFHDA AN 23 pock-

eting WA 2| ZH3A 7 A4 277 glen, El=d

o] 2)ol| H )= (filletted-end milly 72| AR =

g westa glet
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