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ABSTRACT

Sharing of CAD data plays a key role in the PLM and a lightweight model is widely used for
visualizing and sharing a large data. The lightweight model is mainly composed of triangular
elements to minimize file size. There is no problem at all to visually confirm the shape based
on these triangular elements but there is a limit to numerically calculate the exact position on
the curve or surface. In this paper, a boundary curve generation method using triangular ele-
ments is proposed to increase the utilization of lightweight models. After matching connectivity
of triangular elements, boundary element edges are extracted. Boundary curves are generated by
connecting of these boundary element edges. This proposed method has been tested on several
models to demonstrate the feasibility.
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Fig. 1 A sample of lightweight file

Fig. 2 Dimensional analysis of a large block of a ship
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struct Element
Edge* edge[3];
Node* node[3];
struct Node
Float x, y, z;
Element** element;
struct Edge
Node* node[2];
Element** element;

EASH=AE BN G A5 ABA A
o= o|FolA gl AT EA s

3.4 A olx| ¥y

3383} o] Ak P27 A EH A el= 5
¥ 84 AEIEAGE gl 1 8.4 Tt
209l ASE T 847} o]lFE 24yt 180
7P 5= U SRR e, Fig. 89 9
o O7F 2ol F 847t o] FE 7Tt 180=S
Slojubs A9= A7 X Z SR £ AT
e YAl s 0= olgsiion, F &
2] 747t 1505004 210% Abol9l 9= )
oA Z BRI Fig 89 99 @t 2ol
Aol a2 a6 Tfg7E 3 Al A= A
A= BT ERE Ao g 84 Tl
7HAL AN ol Rl Bl = Al ClA = R

o!
)

3.5 A ol x| Zg

3.442 4835 Fig. 9ollA] BAIE FGel=
47 o] ZA oA 7} A Eet. oAl = HH HE
7F A= o] Qo] QIS A oA E FHE 5 U
ol A-A A5 F A oA (boundary edge)
7} o]F= =7t 1800 77 AAg-elle T
ZAA el EFAZIT & A= dA 2z

Fig. 9 Arrangement of boundary edges



7% mele] A7k s ampo 2R 73

N

(b) Tessellation of curved

(a) Curved shape shape

(c) Result of boundary edges

Fig. 10 Result of boundary edges on curved shape

(b) Modified result of
boundary edges

L

(a) Angle and ratio of edge
distance

Fig. 11 Modified result of boundary edges on curved
shape

L5 305=E o§ o, F ollx]e] 77} 150
oA 210% AtelQl 9 TY AA o E &
F3rt}. Fig. 9914 N1, N2, N3, N4, N57} &}t
o] ZA FAel sgE).

22t Fig. 10(a)2k 2ol 23 A5 (e =
Ayt s P E F AA oA7) o] R =
7}%7F 18059l 717+ Fig. 10(c)e} 7o) 3hte)
A FAe R 44" vk WEkA Fig. 11(a)
o 7o) T oA (1, h)e] Aeln|e] xfol7F A5,
S Ao A1E AR (h)oF T oA ()2 A
ofH]7} ]Szt 7ol = o] & A3 eF=ThFig.

11(b)).

3.62H 3 2

Bl TS % A 2 4
QA =] =l del 5f R 8l
¥ Fig. 128k o] =padell AB4e 2o 757t
geh d S ok Fig 404 B% &

13(a)), 3 A FA410] el
$(Fig. 13(b)), 28|13 A FHE0] dF FTH
= 73%(Fig. 13(c))7t itk A WA A= F 4

4
}
o
ok

33

(a) Case 1

(b) Case 2 (c) Case 3

Fig. 13 Cases of different node locations

Al =] AR Exdo] oz, A9 71|
of ¥l ol e FA4 Aol dS wolh. +
WA= Aol 7k 22 549 A& 7 25 o] Q1
gk Al e 7ol Al WA= = AA
A AR 2R S & N7E AR AA A
of Ztzt E3E = 7d-g-olth.

3.7 B-spline 34 MM

3.6470] AgE Z3A FAE 33k 29
o] JFLF o]Fojx Ut EAE= A4
9] HolAut, ZRNEE Alol= A =t
27F EA g, o] & FHA4s) sh7] flal %<
< R7K(interpolation)s 4] 32} B-spline =412
‘gt

oft [l

o lm
ox (i fo o

2 el el A FAES A HAES
YA o= Fig. 59 3 WA 3 730 5
33| = 1 T8 AHE AAsA,
2733k ol o]t} Fig. 15 <1
Ak A AATE dA A &2 7-golth. 1

|8 o] 9] Hel dHo|H,
SR FAE Fto] Sl xEhE HHo]
o} 9] wollA A E A A3 ol HoellA A
e A K-S AFSNA Fig. 15(b)e} 72o] st
18] B-spline 3415 A4 8F3ATh. Fig. 16(a) = T
25 A tjo|w, 30,144712] 283} 90,43270
o] Aoz pAE mdo|th A¥ PC i7-67009]



shape(triangular elements)

bl

A TEAR AA g F HF A FAES BAdst
7] 744 0.078%7F AL = HFEHo = HH
o A 8 Aol AA= 29,706700]H,
79070 2] Z3A =FAdo] A3 = ATh(Fig. 16(b)). Fig.
16(c) = 748 LZESofollA] FHS 2ps A4
(b) Boundary curves gt o= 4,9537H94 ol *g*éE]‘iigtt], Y
PCoAlA 31z27F 28 =T 5k st 23]

(a) Lightweight

Fig. 14 Boundary curve generation for test case 1 A HEo] & Z=wo| mj1ry x| B3},

(a) Lightweight shape(triangular elements) (b) Boundary curves

Fig. 15 Boundary curve generation for test case 2

(a) Lightweight shape(triangular elements)

44 .
(5L Slmments; S0 e (¢) Boundary curves of commercial SW(4953 surfaces)

Fig. 16 Boundary curve generation for test case 3

Stiffener

Curved plate B mensional
“~ control points

(a) Lightweight shape(triangular elements) (b) Boundary curves and dimensional control points

Fig. 17 Boundary curve generation for test case 4



Fig. 172 2A0M 552
2.3} oot} A 2d-& e xlek pC

751301: U@O] /\]—71— O/\Dc]—

a

(a) Triangular elements on curved plate

© 25E A

}h
T
e

35

|
n
O:

“——— B-rep curve

Element edge

An intersected point on a b-rep curve

An’intersected point on an element edge

(b) Comparison of intersected points

Fig. 18 Generation of dimensional control points

A5 9 & =g 3 °h “7“‘53«1 3’\ °ﬂZlE Old‘lfz 7§T‘E‘
N B2 Fe] vlelHE 7HAIsE & 4= Slo] At 47907 mm7}F st 23 s 108 F 2%
AY 2202 go] FEHI Utk FEFL ol ¥ A7 A CADY| A7t ERIE 7He
=+ 3H(curved plate) 73R (stiffener)Z /3 = o @2} ko] 0.03350]3, £ NS 200.F
o] 1o, Fig. 17(b)e} o] 533 BAdA7E  F A5ole Hoh 24 ghel 0.00347F Websttt.
WAEE AR 7F A G FE] ERJIEC|H & 34 A F2 AE S8 A9 AA @S Alwst
7%1%—71% ol &34 e YXE FAIL, CAD &= Zlo] TashH, At 74501] ol He
o 2R E F&2H A F3} vwste] X4+ F £ )% E=(large block)] 7%~ 5~7 mme]t}. &
Ae BATE & dFelde A BdS o8 A A Azl HEH 3 e 331 7%]5714 8
atod ag AAl J& FESUTH FFA Y HE FE 05 mm FEolH, FEg AelE
He 84 JNFE 5, 10, 283 2002 HFo M AA el 2271 0.1 mm o= ‘ﬂ%—s}
A APE STk Fig. 18(a)= =7l tiall = Zo] dasitt 519 J7dol uet geiA]
A 107 2 £ 70|t} o] = Fig. 18(b)et 72+ A|vh A1 Z o2 7 & 31 9] chordal distance %t
o] 84 of|%](element edge)e} WAE A, E A S3mmAE FFOZ g A 7%] < 0.1 mm
o] A= ZAA A (brep curve)Z J_LX]'E] A oyl LAE TR EE AT
= A CAD ®730lH =43 ol 8sir BAE
R ‘ﬂhﬁ}cﬂ QA2 A 2] AT Table 20141 <} 7 5. B
o] SNE E5IAE A= 84 olIF| 9k CAD ¥
&el Fde] ztolE vEhl= 2AF gh(chordal B AFolM e S SRl A R =Y
distance)OI 6.40 mmel G, B Ao A AA FAAE FEoke WS AT Al
YE5E ol &8l BA FAE FE2 A Al =S AR QA48 ARE A6 Sl
CAD %@u =d3e] do] zto]7E 0.0788 mm7t  FE AHE AASAL, AA oA FE& BE&F
WA SIGATE 18]3 CAD 374-S o] §ste] i © 2 87| flal 84, a4 oA, AP oE FAH
Aok kA ko] A & Aol 22T AR 722 AT I 84 AEE o]&
A A3 nAgAeke] wapde] Ao o grol A AAl EAcE a4 dAE FE6L, ©f
Table 2 Comparison between CAD and b-rep curve, CAD and element edge
Number of division Curve length error Point distance error Point distance error
(Chordal distance) (CAD & b-rep curve) (CAD & b-rep curve) (CAD & element edge)

5 (6.40) 0.0788 0.3983 4.7907

10 (1.45) 0.0023 0.0335 1.3096

20 (0.38) 0.0022 0.0034 0.3017




36 Rk

& A =3 g Aol FA S-S T
gttt B3k @] g el vigk 4
22 2 g7 v Afele $L fAel o
2l 7R el =4de] A o d=dl, o8 dAske
A7E A =0 S =R e R
HE g FE8hs A2 ARl B2 A7k
285, AAE YA FE3h= vl -5
upebr B2 e R7F SATT 2 2 Al
A Ajtehs WS 018 A whE A7 gl
AR BA S FE2D 5 AUk Aldtse

A E o galiM 4

HAle| 2
2 a7e FoFdsta s Al s
o 2|98 EEgTh

References

1. Toriya, H., 2008, Benefits of Lightweight 3D
Data. 3D Manufacturing Innovation, Revolution-
ary Change in Japanese Manufacturing with
Digital Data, Springer, pp.33-50.

2. Cheon, S.U.,, Lee, J.H., Park, K.P. and Suh,
H.W., 2013, Requirement Analysis on Light-
weight CAD Models in Ship PLM Environment
and Its Application Examples, Transactions of
the Society of CAD/CAM Engineers, 18(4),
pp-299-307.

3. Ball, A., Ding, L. and Patel, M., 2007, Light-
weight Formats for Product Model Data
Exchange and Preservation, PV 2007 Conference,
pp.9-11.

4. Ding, L. and Ball, A., 2007, Product Represen-
tation in Lightweight Formats in Product Life-
cycle Management, 4th International Conference
on Digital Enterprise Technology, UK.

5. Noh, J.K., 2013, An Algorithm for Optimized

e

Accuracy Calculation of Hull Block Assembly,
Journal of the Korean Society of Marine Envi-
ronment & Safety, 19(5), pp.552-560.

6. Kwon, K.Y., 2016, A Weighted Points Regis-

tration Method to Analyze Dimensional Errors
Occurring during Shipbuilding Process, Trans-
actions of the Society of CAD/CAM Engineers,
21(2), pp.151-158.

7. Galvez, A. and Iglesias, A., 2012, Particle Swarm
Optimization for Non-uniform Rational B-spline
Surface Reconstruction from Clouds of 3D Data
Points, Information Sciences, 192, pp.174-192.

8. Lafarge, F. and Alliez, P., 2013, Surface Recon-

struction through Point Set Structuring. In Com-
puter Graphics Forum, Blackwell Publishing Ltd,
32(2.2), pp.225-234.

9. Berger, M., Tagliasacchi, A., Seversky, L.M.,

Alliez, P., Guennebaud, G., Levine, J.A. and
Silva, C.T., 2016, A Survey of Surface Recon-
struction from Point Clouds, In Computer Graph-
ics Forum, DOI: 10.1111/cgf.12802.

10. Xiao, D., Lin, H., Xian, C. and Gao, S., 2011,

1

CAD Mesh Model Segmentation by Clustering,
Computers & Graphics, 35(3), pp.685-691.

1. Yan, D.M., Wang, W.,, Liu, Y. and Yang, Z.,
2012, Variational Mesh Segmentation via Quad-
ric Surface Fitting. Computer-Aided Design,
44(11), pp.1072-1082.

12. Theologou, P., Pratikakis, I. and Theoharis, T.,

2015. A Comprehensive Overview of Method-
ologies and Performance Evaluation Frameworks
in 3D Mesh Segmentation, Computer Vision and
Image Understanding, 135, pp.49-82.

VU KR

1999 e Stal 71 Al g-e}} ShAb
2001d ZH N 7| A| 58kt A A}

/i

sk 2006 St 71A1E 8
e R
/g/:)\' y%”‘; 20063~20164 AHEFY 4
Vil w4 i R

- 20169~AR BTt 24
FpE
#AEok  CAD/CAE, Digital
manufacturing, Dimensional quality
management, Mesh generation,

PLM, 3D measurement system




