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Rapid Manufacturing of Microscale Thin-walled Structures by Phase Change
Workholding Method

Bo Sung Shin*

ABSTRACT

To provide the various machining materials with excellent quality and dimensional accuracy, high-speed machining is
very useful tool as one of the most effective rapid manufacturing processes. However, high-speed machining is not
suitable for microscale thin-walled structures because of the lack of the structure stiffness to resist the cutting force.

A new method which is able to make a very thin-walled structure rapidly will be proposed in this paper. This method is
composed two processes, high-speed machining and filling process. Strong workholding force comes out of the
solidification of filling materials. Low-melting point metal alloys are used in order to minimize the thermal effect during
phase change and to hold arbitrary shape thin-walled structures quickly during high-speed machining. To verify the
usefulness of this method, we will show some applications, for examples thin-wall cylinders and hemispherical shells,
and compare the experimental results to analyze the dimensional accuracy of typical parts of the structures.
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Table 1 Material properties of various filling materials
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Fig. 1 Experimental set-up for the workholding force
on a tensile test machine
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Fig. 2 Dimensions of the test device for workholding
force
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Fig. 3 Workholding force vs. immersion depth
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Fig. 4 Workholding force change at an immersion
depth of 70 mm
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Fig. 5 Schematic diagrams of high-speed machining
of a thin-walled cylinder: (a) without filling,
(b) with filling
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Fig. 6 Thin-walled cylinders machined without
filling: (a) CASE I: t = 0.035 mm, (b) CASE
1I: t = 0.020 mm, (c) CASE III: t = 0.010 mm
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Fig. 7 Thin-walled cylinders machined with filling:
(2) CASE IV: t = 0.035 mm, (b)CASE V: t=
0.020 mm
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Fig. 8 Measured thickness and errors in thin-walled
cylinders
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Fig. 9 CAD Models of hemispherical shells: (a)
without bridge, (b) with bridges
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Fig. 10 A hemispherical shell without bridges, CASE
I t=0.5mm
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Fig. 11 A hemispherical shell with bridges: CASE 1I:
t=0.1 mm, (b) CASE III: t = 0.035 mm
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