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An Algorithm to Speed Up the Rapid Prototyping

Min-suk Ko*, Min-ho Chang’, Gi-nam Wang"* and Sang-chul Park **

ABSTRACT

While developing physical prototype from CAD model, rapid prototyping mainly focuses on two key points
reducing time and material consumption. So, we have to change from a traditional solid model to building a hollowed
prototype. In this paper, a new method is presented to hollow out solid objects with uniform wall thickness to increase
RP efficiency. To achieve uniform wall thickness, it is necessary to generate internal contour by slicing the offset model
of an STL model. Due to many difficulties in this method, this paper proposes a new algorithm that computes internal
contours computing offset model which is generated from external contour using wall thickness. Proposed method can
easily compute the internal contour by slicing the offset surface defined by the sum of circle swept volumes of external
contours without actual offset and the circle wept volumes. Internal contour existences are confirmed by using the
external point. Presented algorithm uses the 2D geometric algorithm allowing RP implementation more efficient. Various

examples have been tested with implementation of the algorithm, and some examples are presented for illustration.

Key Words : RP (#< £ %), Hollowing out (£¥]-), Uniform wall thickness (F Q& ¥ F7), Circle swept

volume (8 2} ¥-31), 2D curve offsetting (2D AE QI A)
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Aot &, &o] ¥l &L= Fd(Hollowing out solid
model)% T Zd Wi Egazt uyddAe
Zargozs, RP A Azt v¢ AEE T

A A olE HE JIEY Y& dFe A"
F2E % (Investment cast toolingg %  SLA
(Stercolithography)E  ©] 83t &2 (wax)& AlE-8)
A @u FALFZEL o2 H ¥ (master pattern)S
AR AFsE F4F R (quick cast) 7]Ho] glThle
RP & H& Fobo Zx wzz =AY o
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casting)E YT FHmold)A &, ANE Yo A%
He HE A, o okl "ad HE A F
ol I o]t} & =&NA A<td &o] W RP 3}
EE olgd Bobdll §8 @ o, #YdT #H FA
(Uniform wall thickness)& X8t A& oL F

atot.
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Elevator

x-y Positioning %
sysumi ¥

Partbeing
built in layers

Fig. lll'-Iollowing out a solid modél

(a) Original solid model (b) Offsetmodel (inward)

(c) Hollowed model = original model — offset model

Fig. 2 Hollowing out a solid model
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A AT WEsta Yok 1) vertex °ﬂ AZd
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Self-Intersections
& Invalid mangles

(b)Facet Offsetting

(c) Vertex Offsetting
Fig. 3 Facet offsetting & Vertex offsetting
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Foo] e do| FHolgkw 7S Fig 4(e)¢
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A R o R FEME ¥ FALE D
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gttts RS olngc) olejg y|EY T Q= A
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{a) A solid model

1,2»»" Hole ..<

Y External cross-sectional contours

(d)Layer 2

Lowest extreme point

\ v"‘“\\\“"
\ \ /
/

\i& -~
(e} Extreme Point

Fig. 4 Offsetting cross-sectional contours, extreme point
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and its problem

ol 2D AH 2.TAG TFH3E 2
I8 Z2D geometric algorithm)ol] 7]
W&ol 3D 715t ¢nYFE /‘}%5
Bj@ato] Blay hgaka ﬁﬂ]

Fig. 4 oA A4
Hole(7T%H)2 #4973
o] 4=
Hel AEE THolty. AA AF7}
A AA 2 4 AES Hole & Fig 4(e)8t 2ol

9ol 4 (Lowest extreme point)d] HAHE

32 WSE Py o
Garel, 3 o)A 7
e EL AdDT.

T,



aWY - FAE - $AG - %3

D RFTHLEEIA] A 25E AR

33 W57 ¥ 5 (variation), F7}5E RP A8
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(slicing process)ye Wl &ch. £ =&olA olgig of  FH Ruo ANAALE AAsE Re] € =&Y
HES Hahr] 98, 224 B9 3 9 AH Aotk Fig 7(a) £ A% &AM (ECL] = an
HE Axtetrl o R FB/ML £2F 4 9l external contouron L[i], 0<i<21) & E¥8E 227
= 2nYFE MG g FolA o] FuelFE 9 E-layers(L[i,0<i<2]) & ZE A9 g9o
o ek M A g & =3

(aYAsobdmodel & Extemal Cortoxs (b} An extemalcontow & Cirele swept vohume

{c}Sum of swept volumes ofall external contours

Fig. 5 Offset surface defined by the sum of circle swept
volumes

Original surface Inneroffsetsurface Originalsurface  Inner offsetsurface

(a) Flat region

71 wall thickness
v acceptable variation in wall thickness

& gap distance between lavers containing external contours

(b) Convex region

Fig. 6 Variation in wall thickness & gap distance between
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Fig. 7(a) Effect range of the circle swept volume of
EC[12]}: L[10], L{11], L[12], L[13], L{14]

Fig. 7(b) Internal contour extraction
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(a) Circle swept volume (b) Inner side of the circle swept volume
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External contour,

d]i Trynslate {;

g .; > ]
2D offset (JE—a? "‘\),\

R . Sliced curve, :
(c) Section View (jtersection curve between (@) Sliced curve

the ¢circle swept volume of £C, and §,}

Fig. 8 Computing a sliced curve

Area; = {CV,}
Arca, = ('V;,C\’,g
Area; = 2C‘\",‘ V)

{n) Sliced curves defining 3 arcas () Split(segmems

()

(d) Extracted internal contour
(innermost curve)

,-,"\;sgsff.

(c) After in‘out test

Fig. 9 Extracting innermost curves
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