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}T—heNormal Double-Faced Rapid Prototyping Process by-using Slope
Layer Compensatio

Abstract

Purpose —The study is-focusesé on the normal Deubledouble-Faced-faced rapid prototyping process.
The cutting tool compensation route formula is derived from the different cutting thickness and the
change ofin slope. and-lit is then introduced into the cutting layer program in order to obtain a
dynamic single--layer route compensation.

Design/methodology/approach —Each layer route compensation will be converted into numerical
control (NC) code to construct the 3D models.

Findings — The main purpose of this study is to #mpreve-reduce the staircase effect. For the-
currently available rapid prototypmg stackmg systems the surface contour is not exactly a staircase

pfesentat}eﬁconﬁguratlon

resultIt is believed that if this method were-te-beis introduced into the manufacturing process, it
would allow the production of a prototype with a thicker cutting layer while providing similar
accuracy to conventional methods. This will lead to faster production of models with higher
accuracy.

Originality/value — The cutting rapid prototyping method discussed here indeed-produces a 0.55mm
layer th1ckness with the-an accuracy which-is-closesimilar to the accuracy produced-of by-the
Viper Si® cuttmg method w1th the layer th1ckness of 0.05mm. ThlS demonstrates that with-using

this method,
accuracy can be mamtamed whilste decreasmg the product1on time.

>-the surface
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Introduction

wefkp*ee«,—wﬂh—eempkea&d—&hap&aﬂd—feﬁm—Rapld
prototyping (RP) is a relatively recent technology that
employs techniques that have been established since the
late 1980s. Since then, RP has used by companies
desiringseeking a decrease in the time required to
produce a prototype for evaluation. RP has advantages
over conventional processing methods in that it is not
necessary to have a support clip on the workpiece, and it
can easily produce a workpiece with complex shapes and

form Bﬂh%e—%kmﬂﬂ*ﬁﬁ—by—%ﬂﬂ*ﬂfﬁ{—l—&yeﬁﬂg

pre&e%ypmg—systenFDue to the nature of the layering
process employed by RP, obvious cross-sectional
differences are present between the layers. These
differences are determined by the thickness of each layer
and results in an unsmooth ebjeet—surface that
resemblesing a staircase, hence the term ‘staircase effect’
(P.J. de Jager, J.J. Broek and J.S.M. Vergeest, 1997),
(Hong Wenbin, Lee Yong Tsui and Gong Haiqing, 2005).
This effect is hlghly undes1red by users of current RP
systems.

a&.hl(.\x, a dcﬁmlc prccmon on 1119 surfaw of 1hu

= he most common solutlon to
this problem is to adopt a thinner cutting layer to prevent
the staircase phenomenon that would otherwise occur
with a thicker cutting layer. However, this method cannot
reduce the additional time required to deal withements
eaused-by the staircase phenomenonl

there aren’t too many people that actually have

S nAlthough
many studles have been maéeconducted regarding
improvements ea—theto the cutting layers and

implementation methods both domestically and abroad,
not many attempts have been made at actual
implementation on a RP machine. However, a proposal
was made by B. Koc of the Buffalo University Industrial
Engineering Department in the United States to employ a
ruled layer (B. Koc, 2004). In this case, an improvement
was—madein —onreducing the staircase effect that
oceurred—from-theby use of adaptive slicing technology
(K. Tata, G. Fadel, A. Bagchi and Nadim, 1998) (K. Mani,
P. Kulkarni, and D. Dutta, 1999). It can be seen in
Fig.ure 1 that the staircase effect (Fig. 1b) has been
improvedreduced (Fig. lc) from the traditional 2D
cutting layer. However, a major drawback of this method
is that it cannot be applied directly to the layer stack
processing method.
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a. CAD Model b. 2D Layer Model

Figure 1 a. Spherical CAD Model b. 2D Cutting Layer
Model ¢. Ruled Layer Model

Since the rapid shaping system is adapting layer

research—Since the rapid shaping system is an adaptation
of the layer processing method, the thickness of the

c. Ruled Layer Model
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cutting layer will—beis the most important parameter Yeﬂgm.aﬂ%ﬂy_zggﬁ%eh;webhspeakmﬁ,_ehe
affecting the prototyping speed and accuracy. cutting—layer CAD model—should—also—be
Furthermore, the-determination of thea suitable cutting . .

layer thickness to—employ—will-beis the most technical adj EA sted—for—a—layer—proe ESSlﬂg. ms, del—for
task in the operation of the RP system. Currently, most various—types—of RP-systems—TFhis—will-alew
RP machines employ a fixed layer thickness—in—their  the-centrol-eftheerroronsinsle layer contonrs
operation. The size-of-the-gap error of-the-gap-between  and-will-enable-the prototype-to-mere similarto
the actual curve and the layer thickness is determined by the—CAD model —using—the—stacklayers
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precision and speed of the RP system are inversely ' | would be “...in the upwards or the z-axis
related and thefinding key-peoint-ofrelatedresearch-is—te v | direction:
determine—a method that idealizesoptimizes both the Layer Layer \ direction”.
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Taiwan ally-and abroad, the-discussions-made  and-to-colocate-with-cuttingtoolspathwayfor
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only relatedon relation to the improvement of  staireasephenomenon-of rapid protetypingand
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within an RP system. The cutting CAD model order—to-achicve-on-—cnhancing the-degreeof
is normally shown as a staircase model, but in  exhibition—on—the—eurved—surface—of—the
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