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Sheet Offsetting Algorithms for Efficient Solid Modeling for
Thin-Walled Parts

Kim, H. S.* and Lee, S. H.**

ABSTRACT

This paper describes an efficient solid modeling method for thin-walled plastic or sheet metal parts,
based on the non-manifold offsetting operations. Since the previous methods for modeling and con-
verting a sheet into a solid have adopted the boundary representations for solid object as their topological
framework. it is difficult to represent the exact adjacency relationship between topological entities of a
sheet model and a mixiure of wireframe and sheel models that can appear in the meantime of modeling
procedure. and it is hard to implement topological operations for sheet modeling and transformation of
a sheet o a solid. To solve these problems, we introducce a non-manifold B-rep and propose a sheet
conversion method based on a non-manifold offset algorithm. Because the non-manifold offset aigo-
rithm hased on mathematical definitions results in an offset solid with tubular and spherical thickness-
faces, we modify it 1o generate the ruled or planar thickness-faces that are mostly shown in actual plastic
or sheet metal parts. In addition, in order to accelerate the Boolean operations used the offset algorithm,
we also develope an efficient face-face intersection algorithm using topological adjacency information.

Key words : CAD, Non-manifold. Sheet Model, Offset, Euler Operator, Boolean Operation
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Fig. 1. Thin-walled solid modeling methods (a) shelling
operation {b) conversion of a sheet into a solid"!.
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1. Select vertices, edges and faces to

be offset

2. Generate offset models for the

selected entities

I

3. Unite all the offset models

'

4. Remove unnecessary entities

Fig, 2. Non-manifold offset algorithm,
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Fig. 3. Comparison of the mathematical offset model with
a practical one (a) a simple L-shaped sheet modei (b)
a solid model constructed by an offsct algorichm
based on a mathematical definition of offset {¢) an
oftset sofid model being desirable for practicul purt
design.
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Select entities to be offset

v

Generate offset models

for the selected entities

Adding Exceptional Cases:
¢ For sharp edges: Tubular sf. > Ruled sf.
* For vertices on sharp edges: Spherical sf. > X

v

Unite all the offset models

v

Fill holes on thickness faces

Y

Purge unnecessary entities

Fig. 4. Sheet offset algorithm for creating practical thin-walled
solid models.
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Fig, 7. Offset models for the sample sheet model (a) partial-
face offsets (b) wedge offsets (¢) disk offsets.
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Fig, 8. Parents of the entities of a partial-face offset model.
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Fig. 10. Parents of the entities of a disk offset model,

¥ 22 E, E, E, Vo, V,, V] R 84% B
¥ Vol €}

s209| g4 HE #X

A 229 Wol} BM2|EL Fig. 110 vepgd
A3} o) Ba)ol A ®F o o} mAe)e}
o @Ale) A3}ed Rgd F Yot o] Ay £ F
7 27t R Hog Hgsm o5 BA »vA
2]l E, E, E, EJ} 247 vi2 289} o9}
Zo| Qe 34-Fo) B A5l M2 9kE
a7 Kol ¥ HHE BAlERE s o
Fo=ZAN NE 2O 4 8401 o) Fel & &
Al 247 Bt R 2RIS AL S,
FE Y 4E vt A3 £ wle) A4
FAe] B} FAoE FolA 5 QI EE H9lc)

332 M YEE OB it AM

sholl A2} Zho] AR mule] Al QAT Apad
0| o9 Fa == WA A B 2= o]

Lo, o] o] 88l i} FA o)} e} P& o
Al Ae g 2L A2 2P

(A 1) P& w2l FA2] @y

2ok A1) HA}e] By ¥ zde] RE wA
212l dha 2 HE Y4 842 AT Qe B
MEES S8 I9. 238 Y 5 gle)

L

(@ (b)
Fig. 11. Topological entities split by intersections (a) before
intersection (b) after intersection.




o T E2i=e] BEAq] 2ol Rk o B UeE Y 249

Fig. 9} Fig. 109} Zol shie] 14} f425€] o
2 el o) 84Fe] ANE 4 lerz, A of
X 2 MElEo] 331 FAM TY fFd =
A ZAksof gkt o) 5 flel P& 22} EL Al
R oA & FAL < EHol R o JAH A
& AERE Frbeted 228 5o 2 AL w3}
FHdeg AAsic},

(A 2) Fahe Z3Ye] 4y

A F He] BAHE oM 22 = i 8
28 e FAHEY 2FES Tk A gl
A 2Al FA-G pshed AR 2o oFE %
A4S ZPFT Qe AFEL AR} o
olsle BAA IFEY el wis) e 37
HEHel A=E vlarsled 22 gl U= HES
33

Tt kel A 1, 29|l A B o) XY <)
FHRA ko 7|&e) Ynbye) F o] mx} A4t
A& Y3t &, doaye I FRe) g A
F45-2 25 7R ¢l EY Fo(timmed surface)
< AAAA o] 57kl BX FAF BAHES HA
3 it

34 SAY &9 7Y 9f7|

o Beigh Y Aol F LAY R
¥27 vigepsl 22 97 dok. ad), o F
A A dgHel FAE Y33 0E7] 95k
of FrAE Aol Alx FA A il o-F-H &
A 2 -E TEA 947 difol Fig. 1260 ehd A
7 o] FAg Aol & Zhe 2lo] ghEe] A
2 e} Fig. 12(ays AA 2o Higk gke] 28]
3t 2A7Ae) ARE vehiFa e, o] =4
9] 3% He) 114 P 2] Fyo] Tl Alel]
EAE AL £ 4 glok S 49 v o
7] A8 ol FHES vl A e s
of 3}, 0|5 $Jal] ¥ EFo M= gt Wil

(b)
Fig. 12, Automatic hole removal on thickness faces (a) three
holes on the thickness faces (b) after removing holes.
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faces.
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tor ( fe~each face of the maodel) |
if (f is adjacent to the same region in both
sides) // (1} lamnar face
delete f with KFMC:
it (fis adjacent with two diflcrent finite regions)

&

Fig. 14. Topological entities to be purged: (1) Jaminar face
(2) screen face (3) wire edge (4} isthmus edge (5)
strut edge (6) redundanl edge (7) single-vertex shell
(8) single-vertex ioop (9) redundant vertex.
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/f (2) screen face
delete f with KFR:
}
for (eeeach edge of the model) |(
if (e is a wire) /1 (3) wire-edge
if (e is the only path connecting its two
cnding vertices)
delete ¢ with KEMS;
else
delete ¢ with KEC.
else
if (¢ has two partial-edges) {
it {the partiai-edges belong to the same
ioop} # (4) isthmus or (5) strut edge
deletc ¢ with KEML:
if (the faces of 1wo partial-edges lie on
the same plane) // (6) redundant edge
delete e with KEF;

}
for (v« each vertex of the model) |
if (v is linked with a partial-face)
# (7Y single-vertex shell
delete v with KVS:
else if (v is linked with a partial-edge and has
only one partial-vertex)
/ (8) single-veriex loop
delerc » with KV1,;
else if (v is adjacent to two edges that lie on
the same line) // (9) redundant vertex
delete v with JEKV:
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Fig. 15. One-side offset solids (a} offset in the outer direction
(b} offset in the inner direction.
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