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Abstract

By applying the principles of layer-by-layer cutting and layer-by-layer stacking,
RP can not only construct a complicated geometrical model rapidly and directly but also
offer detailed evaluation and analysis of the result of each workpiece. Yet, in order to
lower the cost in research and development, the lost foam, which uses much lighter
material and can greatly reduce the cost of production and the damage onto the
environment at the same time, is a better alternative for prototyping. All these attribute
to the popularity of RP, which has already become a commonly-used prototyping
method. However, in traditional RP, single layers are generally processed with laser on
a vertical plane. In order to reduce stair errors, the thickness of each single layer has to
be reduced to gain better precision, which inevitably prolongs its machining time and
makes it difficult for large scale machining.

Based on the principle of layered stack and the concept of lost foam casting and
coupled with the methods of Contour Distribution, Spatial Coordinate Transformation
and Four-axis Cutting Mechanism, a Four-axis Rapid Prototyping system is developed
to process bevel plane cutting and reduce the stair errors. When the error is controlled
within a certain range, this system can perform thicker layer machining and reduce the
number of layers, so as to achieve better precision and higher forming speed.

By using the Four-axis RP System of this study, the workpiece - a solid bottle of
irregular shape whose size is within 220 mm x 120 mm x 50 mm—is processed to
compare the bevel error and the stair error. The result shows that, when the slice is as

thick as 10 mm, the bevel error and the stair error are respectively 0.87% and 2.89%,
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with their machining spans 53 minutes and 44 minutes; yet, the Stairs processing is
obtained under 1%, with its procession span as long as 145 minutes. Another workpiece
shaped like a doughnut of 500 mm x 250 mm x 500 mm is also processed to illustrate
the steps of the large-scale lost foam prototyping system and offer discussion about the
error analysis. The result shows that the total volume error Er of the prototyped
workpiece is around 0.35 %.

Therefore, it is concluded in this study that, within the same range in error, the
bevel machining speed is greatly improved, which is about 2.8 times as fast as that of
the traditional machining. The large scale lost foam Four-axis Rapid Prototyping system

indeed helps to raise the precision and speed of the traditional rapid prototyping.

Key Words: Lost Foam, Rapid prototyping(RP), Four-axis Cutting Mechanism,

Bevel machining, Stair machining.
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