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Rapid Manufacturing of 3D Thin-walled Products using Plastics and Metals

Bo Sung Shin®, Bo Sik Kang", Jae Hyun Park”" and Chi Hyun Rho""

ABSTRACT

High-speed machining (HSM) with excellent quality and dimensional accuracy has been widely used to create 3D
structures of metal and plastics. However, the high-speed machining process is not suitable for the rapid realization of
3D thin-walled product because it consumes considerably long time in fixturing process of a work piece. In this paper,
an effective rapid manufacturing process is proposed to fabricate 3D thin-walled products directly using HSM, phase
change filling and ultrasonic welding. The filling process is useful to hold the thin-walled product during the machining
step. The ultrasonic welding process is introduced to make one piece product from two piece parts that are machined by
HSM and filling process. The proposed rapid manufacturing (RM) process has been shown that the RM process enables
to fabricate the 3D thin-walled products using ABS plastics and aluminum metals from 3D CAD data to functional parts.
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3D Thin-walled Model Completion structure
Rear part

Fig. 1 Rapid manufacturing of 3D thin-walled products
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Fig. 2 Rapid manufacturing procedure of 3D thin-walled
parts and horn using HSM
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Fig. 3 Compact sized high-speed machining machine
(HisRP M/C)
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Table 1 Specification of HisRP System
Max. feed rate (m/min)

15.0

Max. spindle speed (rpm) 60,000

Envelope size (mm®) 180 x 120 x 120
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Fig. 4 (a) Finished 3D thin-walled parts (ABS, upper-
side part)
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Fig. 4 (b) Finished 3D thin-walled parts (ABS, lower-side
part)
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Fig. 5 (a) Dimension accuracy analysis of the designed
dimension
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Fig. 5 (b) Dimension accuracy analysis of the measured

dimension
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Table 2 Comparison of the designed dimension with the
measured dimension

Designed | Measured | Error Error ratio
dimension | dimension | (mm) (%)
A 21.38 21.30 0.08 0.37
B 40.79 40.23 0.56 1.37
C 71.70 71.30 0.40 0.56
D 23.02 23.10 0.08 0.34
E 11.15 11.19 0.04 0.36
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Fig. 6 (a) Manufacturmg process of Ultrasonic welding

homn (Rough machining)

Fig. 6 (b) Manufacturing process of Ultrasonic welding
horn (Finish machining)
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Fig. 7 (a) Manufacturing process of horn base, (set-up of
horn stock, inserting of upper-side part into the
machined cavity)

Fig. 7 (b) Manufacturing process of horn base, (removing
of upper-side part after the filling of
polyurethane, finished ultrasonic welding base)

Fig. 8 Ultrasonic welding of 3D thin-walled product
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Fig. 9 Finished 3D thin-walled products after ultrasonic

welding (ABS)
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Fig. 10 (a) Finished 3D thin-walled parts (Al)
(upper-side part)
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Fig. 10 (b) Finished 3D thin-walled parts (Al)
(lower-side part)
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Table 3 Comparison of the designed dimension with the
measured dimension

Designed | Measured Error | Error ratio
dimension | dimension | (mm) (%)
A 21.38 21.60 0.22 1.03
B 40,79 40.75 0.04 0.10
C 71.70 71.80 0.10 0.14
D 23.02 23.20 0.18 0.78
E 11.14 11.10 0.04 0.36
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Fig. 12 Ultrasonic metal-welding test process
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Fig. 13 Finished products after Ultrasonic welding (Al)
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