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Laser Processing Characteristic of Polystyrene Foam Pattern
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Abstract

Polystyrene foam is easily melted and vapoured by heat, has a proper quality in the pattern
manufacturing and has a low price. The objective of this study is to develop a rapid prototyping
method for polystyrene foam pattern manufacuring to use the eliminative pattern casting (EPC).
Applying for the rapid prototyping concept reversely, the unnecessary part of section is vapored away
by -heat source of laser beam. In order to examine the applicability between laser beam process and
polystyrene foam material, the basic experiments such as hole, line, plane and contour process are
carried out. With these results, various three-dimensional shape patterns are made and this rapid
prototyping tool for polystyrene foam manufacturing.
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Table 1 Specification of CO: laser

wavelength (m) 10.6
power (W) 30
beam mode TEMowo
beam size (mm) 3.5

Fig. 2 Photograph of XYZ table and optic device
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Fig. 4 Photograph of hole process at various
laser power (a) no shielding gas (b) Ar
1.0kgf/em® (c) Ar 0.5kgflem®
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Fig. 5 Hole diameter at various laser power and
gas pressure’
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Fig. 6 Photograph of line scan at scan speed of
10mm/s (a) 25W (b) 20W (c) I5W (d)
10W

Table 2 Parameters for line scan experiment

A9 HolA & 5A

laser power (w) 5, 10, 15, 20, 25, 30
10, 20, 30, 40, 50
0, 0.2, 0.4, 0.6,

08, 1.0

scan speed (mm/s)

shielding gas

pressure (kgf/cmz)
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Fig. 7 Depth of cut at various scan speed and laser
power (Ar 0.6kgf/cm’)
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Fig. 8 Width of cut at various scan speed and
laser power (Ar 0.6kgf/cm2)
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Fig. 9 Laser beam path in plane experiment
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Fig. 10 Photograph of plane experiment at (a) 15W
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Fig. 12 Roughness and overlap at laser power
15W, scan speed 30mm/s
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Fig. 13 Contour trimming process and compensation
of laser beam path
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Fig. 14 Process flow to generate polystyrene pattern

Fig. 15 Sample pattern (200 x 100 x 50 mm)
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Fig. 16 Effect of offset and gas at the edge A, B, C

10 -
F 0.1 kgfiom2 gas
4 nogas

100 -

-]

a8
R

-
a
f

-

e ] 1

Height (mm)

— T T T T
a 5 10 15 20

Number of plane process

Fig. 17 Shielding gas effects

BE7tA R ¢ ALz ol s AF%S
e, FA4 somm 2E]2E
oz W 71FERE uw st o] WEHE
HoFa oot RIENAE AR E v 4
2 dAE o] WIAE /A1 JtEFHAAR
dov}, JFAE AMREIR ZhE Ao THE
Zolzt AX Fotee 7t "ol st Eq
A He S ¢ 5 Utk

3.5 HA HE

9 A9 23z A58 2AEE o83t Ak
Fdel NFES ARG Fig. 149 2] 3%
4 ¥2e £9= B2FsY STL Hdg A4
& F, 7 Fol g NC datad A3t} 324¢
gae AT =8 Fig 153 L 2Y S
kis-ad Hl q 2 g3 23 dF H87%
4¢ ¢ F Ak HE AF Azl QoA
L —‘ﬂr%_ ol Aoz EEHA



778 A4 =773 F

A ko] 7hed Aoz AlgdE.
4. 2 B

H&5zHE o8 F2HA Fo AEIE
o glojA dojA Wa FPLHA F HEE
A€ detstr) A 2de IYso et 2
< ZES 98 F AU

() EY2EHA F9 oA kgl oA
o]A We olF&xo 8 2d 4 Y9 T
TLY 9Ade BT £ AU

() Z2EA Fo @olA Weo] FAHd @ F
S2Ed Fo B§AGT 715ddol A FA
o dojur, §&d T2 Fol EF 715
gtojof 7hEE A0 FolAH, BIstAe EALT}
7182 &8¢ 5o Fol 7ts F29 3 =
£& & 4¥4es gdsuch

(G) B JhEd g3 Qe EE2FH AF
of 9% go] W FF oxE Hao £l
2 By AN E A% ¥ FRE 34 A
ol 2 JFE vARE, 7hEA HolA e
olFel glo] €39 By THE Fo 7teHY A

%o Folg 22N & Al

it

23

(1) Kim, J, D, and Jeon, B, C., 1998, "Rapid
Prototyping by Selective CO; Laser Sintering
Using Bronze Powder," Proc. of Ist APLS'98,
Cheju, April 27~29.

(2) Murphy, M., Lee, C. and Steen, W. M., 1993,
"Studies In Rapid Prototyping By Laser Surface
Cladding," ICALEO, pp. 882~892.

(3) Lugman, A., Lesley, E., and Jason, P., 1997,
"Rapid Prototyping & Solid
Manufacturing," Canadian Cermics Quarterly, pp.
104~107.

(4) Lennings, A., and Broek, J., 1997, "Prototyping
large sized odjects using freeform thick layers of

Freeform

plastic form," Solid Free Fabrication Symposium
Proceedings, pp. 97~104.

(5) Park, J., H., 1998, "Development and Appliction
of CAM System For Styrofoam
Manufacturing of Automobile Press Mould," Pro.

Pattern

of soc. of CAD/CAM eng., pp. 249~253.

(6) Choi, H., T, Kim, J, A. and Lee, S., H,
1995, "Development of Cross-Sectional Information
Conversion System From STL File For
Stereolithography," J. of KSPE, Vol. 12, No. 11,
pp. 140~147. '

(7) Lee, W, J, Lee, Y., H, and Hong, Y. S,
"Shape Information Conversion Arrangement For
Rapid prototyping system," J of KIIE, Vol. 18,
No. 1, pp. 63~80.

(8) Ahn, D, K., and Kim, J., A., 1994, "A Study
on Laser Scan Path Generation for Manufacturing
3-d imensional Body Using StereoLithography,"
Proc. of KSPE Conference in Autumn, pp.
687~692.

(9) Fumie, A., and Kozo, O., 1996, "Fundamental
Study of Laser Rapid Protyping of Metallic Parts,"
Int. J. Japan Soc. Prec. Eng., Vol. 30, No. 3, pp.
278~279.

(10) David, M., Carl, D., and.John, W., 1997,
"Variable Beam Size SLS Workstation and
Enhanced SLS Model," Rapid Prototyping Journal,
Vol. 3, No. 1, pp. 4~11.

(11) Ahn, D., G., Lee, S, H., Yang, D, Y., Shin,
B., S, and Lee, Y., I, 2000, “"Investigation of
Cutting Characteristics of Linear Hotwire Cutting
System and Bonding Characteristics of Expandable
Polystyrene Foam for Variable = Lamination
Manufacturing (VLM) Process,” J. of KSPE, Vol.
17, No. 12, pp. 185~194.

(12) Kim, J., D., Myung, K., H,, and Jeon, B., C,
1999, "Selective Laser Sintering Using TrueForm
and Polypropylene Powder," J. of the KSME, Vol.
23, No. 10, pp. 1693~1701.

(13) Kim, J., D., and Jung, J., K., 1999, "Laser
Heat Treatment using Polygon Mirror," J. of the
KSME, Vol. 23, No. 12, pp. 2236~2242.

(14) Kim, J., D. 1999, "Laser Heat Treatment
Using Pyramid Polygon Mirror", Proc. of 7th Int'l
Seminar of IFHT, Budapest, Hungary, pp. 165~168
(15) Kim, J, D., 1998, "CO2 laser Welding of
Zinc-Coated Steel Sheets," KSME International
Journal, July, Vol. 12, No. 4, pp. 606~614.



