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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 mixture of wireframe and sheet 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 into a solid. To solve these problems, we introduce a non-manifold B-rep and propose a sheet
conversion method based on a non-manifold offset algorithm. Because the non-manifold offset algo-
rithm based on mathematical definitions results in an offset solid with tubular and spherical thickness-
faces, we modify it to 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.
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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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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 model (b)
a solid model constructed by an offset algorithm
based on a mathematical definition of offset (c) an
offset solid model being desirable for practical part
design.
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Fig. 4. Sheet offset algorithm for creating practical thin-walled
solid models.
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Fig. 5. A sample sheet model.

A2 A 2E st mebd 718e] Jut
A FA GaE)Fe Wsle] 7HE W Te 2ol
A3} 4HA Apelel] ht o] Fpsglem, 7]1E 4
252 A2, 3, 4249 -8l W2} lsdet

Bh 2ele] diste] EAE A7 whHE ube]
HPRE FF, JRlA FFoR FAXNIE WS
A B 4 Qe &, das S 9 B
W& Hoz wix mdds) F o2 RE oEE o
=z £YEE "I & Al g
S vRE = hFe) % wekoR $AS
FPA|7]aL, whate] HF Lel=e] AW Aol
e $AeE o wakeE A4S AATIA
et o] AZEA] S-S B3] FAAIE 914 840
AT FAE QA whEel A e Welrt et
A 7, 23a Eelel 2dAl FAAE 25l
FAE AET A ALA opd U e X
A QA A=) 2L lelrt S ¥, 9o &
12F e |3} Qo mebd B =RelAe
WA 59 Fig. 5ol yehd Az 22 oA &
ARG3le] RA GBHL R FAATIE A-Foll a9
o] ae|Fe] 7 SAE Ho A3 sk, o
Folut w1 4 wigko s FAAZ ¢ Pk
ofg W82t 1 Al cfsiN Fof k3] AgFs}
=& s a3 9 daeige] oAl A £ 8l
skt A AElES stllv o, & =l
AR HiTeRA Aks TR [9lIA AAE B
a4 A8 T2E AMSSRE

3. 4% Yool FMlo| MF Y
31 &4 i e eAaFe] M
HITA A bl Fell M o] =AlelA By
zrlo) AA g4 7hedl AR FA 2] A

=CAD,CAMEE] =84 A 54 )35 20003 9Y



246 @, o

off AL & 7Pl e BE 9, 2AE, ¥H
HES Adsed AR 7=, ol E2 BE ddE
Z e g9 FA HFEHE AEE 25 F
Z3o2y F3 4 glvh ol & upg mEle) A g4
7hd v 2dle] nE o waAle], HA|HEe] A
e} et AAel 9lejAM = FEH (partial-face),
#7) (wedge), Hl2IA(disk)E =2 FHEE 2R3}
31 Qe Aol A AP S oz lER, B =3
A o] 5L =YFEF 3

], FEES BE 94 AR FRE A=
3k A 84 A e EE sl WA W
g oA g WHA-E sl 9T o, 7
g Fig. 6(a)°ll WFeld wy, wa, wys} Zre] A7}
7l AL Yveplie 94 AR F2E2A shte] B
Aele} 7o) QA U i FEud g X
QIEIE AAskar 9o, BE3}  convex), 253 concave),
=1 v ne)y-(smooth) A2 FF¥} &, Fig. 6(a)
2 w~ (E,, PF, PE)E AAslar gloen ¢ B3}
712 gy v, wie woeld A2 gl
o &, o7 s chs 382 G 95AS BE
B S 3o Fo2, tAa3E Fig 6(b)ll
el A ghe] BAy FZeo] AL Vel
Al AR F2EA she] FAHTG Qe 5 A}
ofFe] FE wHEe] HYY AFE Hsim, MAAR
= alube] BB (partial-vertex)9} WEAIA W}3F
L2229 A7 50 2| AEE Al Qlv). E3}, o
tAzE B-E3hconvex) A 253k (concave) 7,
7]ele] Ao g v, 71 B8 Hamst ol
Hat #7150 B EEF AfolH, 253 A
A AdHI Y750 BT 2E5F H5e), 7|E
2] AL o] Tl £317] o= vriA] BE 75
#F= k. Fig. 6(b)oll vebd H2= 4,8 A5
PV, ws, ws, Ws)T—?f 2'17%1'8}‘51 9\1—9—“‘1, 53 vz
2 2o

w3

@ (b)
Fig. 6. Temporary topological entities for sheet offsetting (a)
wedges (b) disks.

F=CAD CAMS}HE] =84 A 54 A 335 20004 99

o] Aol E B AT LA} sl HEE 1
Foll dstd 28 7| EF JAT3EE FepliM 2
AL 8-S APsl] BR/e| T, w3 Ax)
FAHe] & F 22 (sharp edgeys-& 3ol A3l
++}

32 MEE 2la 240 i M Y M

& AN MEE BE dazm Hy], REHE
of diate] Ziztel gt A RS AYAARIH.
HiciekA] S watHql AHelof mel 7+ 34 B
Qo) 71EEtEe] S A&, 7 vzl o
g $A B ubge] FAl Agje]al FAle] H7
A9 AF7} == P (spherical surface)® 2] E
o, 72 7ol g $A 5L ubde] $Al Alel
ADE ZAYE et €3 A of AAEE
Aoz AHod £ glnt w3} 7h R-Ewd ot
4 22 BRae] WA ueko R FAAIFIE A
7 S (normal offsetting) FH-& zZHA E Hlo]+},
o, £ =FelM® (1218 A$e) v AR 7 84
off tigt 54l Aaprt 27| 7S JeTx] o= S
2 AR FAITIR St o] ojrle o 84 ¥
Al Aapet w27} doiria ¢hlohs ol op, ok
2] gt 849 FA Blo] AnT WA A B
457 kvl AYE Fosof gt

e} o)} o] Fh= Hg T sidels
FEAA] FAFFH LR ghEeX]7] Wil ¢ E
W Ee BT FHoE YE7] YA 7€ Uy
F9) $Ao] B8sle) Z, 7)ol HE M 2dL
T o, 2 A7)t s mEle] A sdEE,
%, JAF " g7 shiel F EAE|(sharp
edge)al Aol A Id 94 EE JHE 2=
Ui gl 2 $A 2d-8 AAGATIRL, dame) o
g $A4 2EE e dellx I Bx)ge| ¢ BAjE]
E Al oy Aol I vlaze] digt 4 29
AR d=F e EE A 15ke]
94 945 digk A R gL 7|E9 Bt
W3} Falsiel o9} e £ Ao Wt 5
el Aol sl ot A8Hal ok FA
9] &)= 2do] H7| Y LA d& T
g= Abateld).

oo} zro] A HPHS k] ofjA] ®pt 2o
AH4A7] A$ 1 "It Fig. 790 veRt sid o
71 Fig. T(aye 7t 84S A Z ZHE e}
Wiz glek Fig. 7oy 7k 715 S A2
A g 2ol visiME FAFHe] ohel HHE

rlo



ok A E=l=0] Bl RS g i S dareiS 247

(c)

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.
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Fig. 13. An exceptional case of removing holes on thickness
faces.
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for ( fe—each face of the model) {
if (fis adjacent to the same region in both
sides) // (1) laminar face
delete f with KFMC;
if (fis adjacent with two different finite regions)

&

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

]
for (v<—each vertex of the model) {
if (v is linked with a partial-face)
/I (7) single-vertex shell
delete v with KVS;
else if (v is linked with a partial-edge and has
only one partial-vertex)
/1 (8) single-vertex loop
delete v with KVL;
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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Fig. 16. Modeling of a mouse (a) a sheet model for the inner
wall of a mouse (b) thin-wall solid model obtained
by offsetting in the outer direction
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Table 1. Computing times for intersections in Boolean oper-
ations

Offset method Elapsed time(ims) Reduced
Model Thickness P i i ime(%
surface type Direction | Original } Modified | time(%a)
; s :
L. 0.96219 0.53788 441
Tubular Positive
0.9629 0.53558 44.4
3shestmodel |~
. G.81575 0.46262 433
s Tubular | Positive
0.81434 0.46381 43.0
0.01604 0.03725 -56.9
Ruled Inner
0.01613 0.03717 -56.6
‘ Ruled ouer | 010445 | 00sass| 478
0.10486 0.05678 45.9
0,10817 0.07072 346
‘ Ruled Both
0.10806 0.07021 35.0
mouse i
0.66032 | 0.47079 287
@ Ruled Outer
0.66017 0.47081 287
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Fig. 19. Case 2: 0=90", 0°<f<90°.
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Fig. 21. Case 4: 90°< a <180°, -180°< 5 <0".
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