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Rapid Fabrication of Large-Sized Solid Shape using 3D Scanner and Variable
Lamination Manufacturing : Case Study of Mount Rushmore Memorial
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Abstract

This paper describes the method to rapidly fabricate the large-sized physical model with the envelope
model size of more than 600 mm x 600 mm x 600 mm using two type semi-automatic VLM-ST processes in
connection with the reverse engineering technology. The fabrication procedure of the large-sized solid shape
is as follows: (1) Generation of STL data from 3D scan data using 3D scanner, (2) generation of shell-type
STL data by Boolean operation, (3) division of shell-type STL data into several pieces by solid splitting, (4)
generation of USL data for each piece with VLM-Slicer, (5) fabrication of each piece by cutting and stacking
according to USL data using VLM-ST apparatus, (6) completion of a shell-type prototype by zigzag stacking
and assembly for each piece, (7) completion of a 3D solid shape by foam backing, (8) surface finish of a
completed 3D solid shape by coating and sanding. In order to examine the applicability of the proposed
method, the miniature of the Mount Rushmore Memorial has been fabricated. The envelope model size of the
miniature of the Mount Rushmore Memorial is 1,453 mm x 760 mm x 853 mm in size. From the result of the
fabricated miniature of the Mount Rushmore Memorial, it has been shown that the method to fabricate the
large object using two type semi-automatic VLM-ST processes in connection with the reverse engineering
technology are very fast and efficient.
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Table 1 Specifications of 3D scanner
Item 3D Scanner (SNX)
Scanning Area 150 x110 mm
Camera Resolution 640 x 480 (pixels)
Accuracy 220 i
Max. number of data .
points (per scan) 300,000 points
Scanning meathod Structured Light Method
Scanning time 0.7 second
Light source Halogen Lamp (150 W)
Power DC 24V

Fig. 3 VLM300(left) and VLM400(right)

Table 2 Specifications of VLM300 and VLM400

VLM300 (A4 size) VLM400 (A3 size)
200160 mm 300x240 mm
{Height: not limited) {Haight! not limited)
Variabies Lemination Manufaciuring
{Tnick layers with sioping edges)

Max. Build Size

RP Technology

4-axis synchronized hotwire cutter

Cutting System {Paratislogram meshanism}

Stacking Manual stacking Manuat stacking
Part material | EPS-foam shoets (A4 size) | EPS-foam shests (A3 size)
Layer thickness 1~4 mm 1~10 mm
CADICAM SW | VLM-Slicer USL V. for A4 | VIM-SHeor USL V. for A3
input Data STL tile
Controt PC-NC (Stepping Motor)
Maz. Cuttino Bpeed 50 mm/aec 30 mm/sec
Price Avaliable $ 14 & {List Price]} § 20 k {Liut Price}
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Table 3 Technical data of spray-type urethane foam

Property Value Appiication Conditions
Density 26 ~ 30 ka/m?
Compressive Strength 10 ~ 20 N/em?
‘Water Absorption 0.3% vol.
Tack -tree Time 10 ~ 15 min Tomp. : 207, Humidily ; 60%
Cutting Time 40 ~ 6D min Tomp. : 207, Humidily : 60%
Curing Time 24 hour

{Application Tomperaturs : sbove + 5T (20 = §T)].

Table 4 Procedure of surface finishing

Step Process

1 Surface Drying & Cleaning of VLM-ST Part
Coating VLM-ST Part with Acryl Painter
1** Sanding(#150~#220) and Grinding
2" Sanding(#360~#1200) and Grinding
Coating VLM-ST Part with Cresol Putty
1** Sanding(#150~#220) and Grinding
2" Sanding(#360~#1200) and Grinding
Coloring & Glossing with Spray or Lacquer
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Fig. 20 Final miniature of mount rushmore memorial

Table 5 Fabrication specifications for mount rushmore

memorial
VLM300 (A4 size) VLMA0D (A siza) |
Material Thickness 3.5 mm B.52 mm
No. of SubParts 18 pisces 19 pisces
No. of Layers (USLs) 1,145 fayers 329 iayers
Heat Costs w40{,750 329,000
" 729,750
Cutting Speed 50 mm/sec 1 17 mim/sec
659 min (1430 | 494 min 8301

Not Cutting T
ot Cutting Time 3,353 min (22.6 hr)

Stacking Time 280 min (4.7hr) | 180 min (2.7 hr)
448 min 7.4 xr)
Assembly Time 60 min {1 hed
Surface Finish Time 480 min (8 bl )
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B OERIAE 3 AL 2408 9459 viM
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49 28 22718 A 9i¥ 3 A4 A gL
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WIS AR I d B 24 2 Az
43 24 & e AL 28 F QA

() A" e Bl 23 =271 1453
mm x 760 mm x 853 mm ¢l Y Eolit HUE
542 Z8E Adgozs 7129 A28 FTA 9
23 3719 Agg FE3a, o Yoyl A
2 Ngg HAgata, AF 71 fE G4 Ay
F 2

@) 71EF RP225H 3 A9 4 dolgE
5% &, AFstaz ste A7 ot 3
BE ooz HE 279 g 2ol
de AF F& AA=z SAHSA & £45
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