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CSG-based Representation for Free-form Heterogeneous Object Modeling

Shin, K. H.* and Lee, J. K.**

ABSTRACT

This paper proposes a CSG-based representation scheme for heterogeneous objects including multi-
material objects and Functionally Graded Matcnials (FGMs). In particular, this scheme focuscs on the
construction of complicated heterogeneous objects guaranteeing desired material continuilies at all the
interfaces. In order to create various (ypes of heterogeneous primitives, we first describe methods for
specifying matcrial composition functions such as geometry-independent, geometry-dependent func-
tions. Constructive Material Composition {CMC) and corresponding heterogencous Boolean Operators
(e.g. material union, difference, intersection, and partition) are then proposed to illustrate how material
continuities are dealt with. Finally, we describe the model hicrarchy and data structure for computer
rcpresentation. Even though the proposed scheme alone is sufficient for modeling all sorts of heteroge-
neous objects, the proposed scheme adopts a hybrid representation between CSG and decomposition.
That is because hybrid representation can avoid the unnecessary growih of binary trees.

Key wards : CSG, Heterogencous Ohjects, FGMs, Constructive Material Composition, Boolcan Operators
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Fig. 1. Heterogeneous objects.
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Fig. 8. Moulding tool embedding conformable cooling
channcls.
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(b) Difference
Fig. 10. Materijal intersection, difference, and partition,

(c) Partition
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O\(Operation)0O,
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L B, (Operation)P; 1<ish, 1<j<c

B,(Operation)B,; 1<i<b, 1<j<d

(16)

where O = {P,,...,P.,B,,..., Bp}
02 = {le,.H,ch,BZI,...,Bzd}
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BoFy vk, o] 292 HEH 02 11te) hp-set
3 2709) hb-setell WAL sk G AT
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Fig. 11. Model hierarchy in CSG-based representation.
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Fig. 12. Data structure for hp-set.
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Fig. 13. Data structure for h-object.
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Fig. 14. Construction of a biomechanical arm.
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