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Mesh Reconstruction Using Redistibution of Nodes in Sub-domains and lts

Application to the Analyses of Metal Forming Problems

Jin-Tae Hong* and Dong-Yol Yang**

ABSTRACT

In the finitc clement analysis of forming process, objects are described with a finite number of cle-
ments and nodes and the approximated solutions can be obtained by the variational principle. One of
the shortcomings of a finite element analysis is that the structure of mesh has become inefficient and
unusable because discretization error increases as deformation proceeds due to severe distortion ol ele-
ments. If the state of current mesh satisfies a certain remeshing criterion, analysis is stopped instantly
and resumed with a reconstructed mesh. In the study, a new remeshing algorithm using tetrahedral ele-
ments has been developed, which is adapted to the desired mesh density. In order to reduce the discreti-
zation error, desired mesh sizes in each region of (he workpiece are calculated using the Zinkiewicz and
Zhu's a-posteriori error estimation scheme. The pre-consmucted mesh is constructed based on the modi-
fied point insertion technigue which is adapted to the density function. The object domain is divided
into uniformly-sized sub-domains and the numbers of nodes in cach sub-domain arc redistributed,
respectively. After finishing the redistribution process of nodes, a tetrahedral mesh is reconstructed with
the redistributed nodes, which is adapted to the density map and resulting in good mesh quality. A
goodness and adaptability of the constucted mesh is verified with a testing measure. The proposed
remeshing technique is applied to the finite element analyses of forging processes.

Key words : Adaptive remeshing, Rigid-plastic finite element method, Delaunay triangulation
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Fig. 1. The flowchart of a new remeshing technique.
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Fig. 2. Schematic of surface remeshing procedure.

24 WEFTHYEE o133 W2 AXTY A & X3}

WEARL A4S fside, 4 convex hullS
FA80] 27) HEe FHS T, 7 @40 M)
st 58 AALEE vaste BPF7 2R
& u), 2 8420 2} AJ S AdsEe £ AA
WUEgE o83t 4 (6)3 2ol = 7k UAHY
(weighted imner- product)&f.-_ Z713 @) (xS

TG 5, AGIRSES A% 2P F7Ho
5_,‘ xif dz’n(xt')
x;ew = :=‘: ( 6)
Z./:ien(x 1')

i=1

Aol AFE A PHEFe BE 849 377}
AANE s B A9 AY FUhS Ef& 2z}
A5 vk 9714 AR 7171“6 .59 EAo)
A B3 DR o)l Aoz HSE u) o)
L 22, Brackbill#} Saltzman'®'"lo] At v 122]8
(smoothness) FrAZt A (F o)t HEToll 283
=5 74 249 RI(Mx)et 2 f1Ae] Bk
FoBRE T EE 94 UV, () By} )
27t Ae H(NE dAAEsY A3} Ao zy
A ®), Lo FEILE S A9
Azick Q71M, HQ371A] J8E F2E o) Fat

257
2 ol ack.
. [ netenbor (A% %Y Vg AR N
'Fa = . "__L..—"!-
T - £° g gy = MUTL { P ( V(%)) ) }
(N

min- FC‘ombl’ned = I'I'Iil'] ' (a)lFadap!. + wz‘l“smamh) (8)
Z‘"i: 1.0

2.5 Yy FFAulx)

A9 RAE F3 FaR du| Az 2
AF sl gk 847} Bo) EXsty S84

£ 233 G0 thb HAlgth mebA, &
TFoAME Fig 33 2o &) 1 498 2498 2
719] Hgqe g gasta, g g9l dlsiy Az}
Bl B8 92 sl 2] (9)9) Zof 7 2
FAolA He 2 s A JigE Al 23
2, 7t RFGGA AN ARl R B o
Aol 9l 734, 234dE Mg AP & "'E7P
P 5 AR Ae BRVE AAHGLEZH AR}

-2 nd Mo

AEE APt
L’) f dendV
desired_num_nodeg, = —~—— )]

XX Y

’ RO,
g o
eole 0% 9.

eb ol . L ¥

Ll O .

! n_L. :o..&,.‘“,sj.' —

{b)Save nodes in storage cell

AN
AVa\

£
Ay

R
AV
4

STz

A

X

A
S
3
o

57
S
WAy o3 e
St
TS Ravas
v#
et
5
QAR
'
SR

y %‘4" g
o

(a) Sample Delaunay meshing
[T I B T ]
QN
AT I '1,: o .g‘:‘
. ore ,ui'! LU
§ AT
LT AL
(c) Redistribute nodes according {(d) Reconstruct mesh with
to the density of cell the modificd nodes

&l
X
wib

1

<

55

TR
"'\g\ -.v.- ‘,’v
4{‘ ""“"‘%"‘v
GBS N m;w.v.‘
ey
RS

Fig. 3. Redistribution of the pre-constructed nodes.

A2Hoz ARNE HHYEZHE] HAH Ruppert's
schemeZ") Hg-8lof WH-AZS A|+AA5HA, Az}
B A4 a4 FHol e dzs FAAE ¢
A}

3. 2Xk 9 3l FEteAdiAoe

=L

3.0 2xKd ﬂ'é'(ﬂeading) 23
FYAFl A7le I BHL A5t Fig. 4(a)

P CAD/CAME S =33 A 1248 A 435 20074 39



258

RAYATLT, aViri N vt - 1 -
. £ z Ok &
S i =2 > £ 5 H
wmﬂ«mwnmmmwmmmﬂ."humm“mwo%.‘mp«» c m z 3 & & 2 1o
1 PP ANTa 0 o AT AV VAN, S 5 m - o
ETATATAPATAT A A ATATS i g m m .W E] nw Fn) ‘_nm.r
- 3 £
m = = 8 . - S af
=] °
e ° m F
) 2 o ne
= - - j22 o _
TAYYAY Y A m h.a ° .m .m ,._L
S ey K] . s & = K
AR N PERASS - S p—1 o [=]
Kk 3 AR AR ~E_EB® s g e 3 o
B R R R NN £ 88 £ @ eo & ™
- AR POAARITIADERNK S E¥ B S = s o ° 5 L .A._
AR * CE T R Z 5 |3 ° Q =
gt 52 IS L. 2z > B o
E EO = £% £ |52 IR = £ i
L et 5 ) ©38 & S -RE ® =
¢ B3 >3 < 1. 8|22 i Swilz2. SE 5 "
= =] TEG 8..A o & .= e ﬂm m. 8 i~ 7 Q =
TR s ||s5g E 588 S S |85E 3. Qs T
KRR ey rE= & oS g | =2 |lgis ¢ s |8tz ¥ «> 5 P
D A VAR 0 Savavasrann oy FEE B8 2 &2 = 4o Qeoc s Qoc Sl s8 2= o
e ) A s e ATA i e ] & = B = @ - s~ |IBEE s, Fe S| =g
BN N IRGRAR AL KK H 3 Bai ) Q. Faic Six 5 @ N
B BRI SRR A A 06 ExE EB d - m 9 - 1 & i
- SRR s S R AR B R X ¢ b & 4] o 3% =
S - 3
g ] m o . z - —_—
N : ™~
mm.n.”v ¥ 8 8] v e w e gssRR2l3§BREC g2 2gs8s¢e-° - 7o
. (%4)103%3]a o “wmpy (% HuRUR[E Jo "amp] {4, heauraga jo “wmyy m =
:
YU RTFRG NT WA
' 0
A 2T gy o T o= oo WA
— = e C_A T = _IZE UYPAVANY VaYa Ty,
® ﬂ_ = oww S de dp . R,
o= ol 7 To = = . 8E AT S T
Z RS AT AT
o 35 ﬁ wn BT oo 4] o P ZE L SN S T e
< o W N T = X of T B | > N ATAVAY, w4 gy SO NV S i
q B\ =l EX T X = & S ok R R I P NI DO ORI
Do =T X W S R Oy O TV s AV e e
N Mm. 2 l_kl ! _..#‘0 o wﬁ_ T zro o SN NSRBI AN AN AT ARIRNIAARK
=1 ) =l Mo .= r O ) 3L AYAYAYAVAYAN 74 F %
Toe R ET antl o 7]
Q ! o= " (N7 NI
T Rgs SR 2 AN R e £ -
PTG SR oW 2 RN A D ST § I
= ) I~ KN\ PRI A A R R SR 2 1
B oy T ETE N & R SRIIAN ANERARACTROE E ,
HTT VR @ 03 o ol & NP A AL VPAAKRRERIBAD =
pEHEITNDARRAT DG *
R BT EmpxT 4
—_ r W
mm . 70 & 7o ﬂWL%oo_o.Wa ->
TogsFe X s 4
Mg FE 2+ + X = £
vl o= K bh oly H T =] =
T o R Om o o X nx = o 5
Peubpgg am@o BN 2 g
3 9
aﬁfﬂmm%ads%%mam.d. -> g s everved
ol . Rl 2y .
L xm by, = 2
NWogr W o &5 R gy 5oy <
—— —
TER PV ITHD

=

5]

o

=

=y
L

el
¥ A A4 7)

-(:5}
5

L8

[+

AFolH A)
A o2 Az Ardr oz 98 A

Fig. 75 Fig. 89l v]asisic},

L

2] vl &g A s
H

{0 Finat
reconstructed
mesh

A A2 A4 2007d 89

constreted
Mesh

=1

o

{&) Pre

(d) Surface
reconstrucdon

Fig. 4. Adaptive remehsing of 2-D heading procedure.
FCAD/CAMEE =

i

kd



P2 NS T AT B 24788 259

Mesh density |
2.585000+000
2.34007€+000
2.091240+000

¢

%num. clern. 1310
(b} Proposed remeshing
technique
1

(a) Desired density

CAPRK
P
Vi

A
o5
B A

XD

5

Y ATAPATL 7

K3
5
¥
23

74
&5
%

TATAVAYY,
'A.":q
5]

Waum clem : 1330
(d) CVDT
(Du, 2003)

Fig. 7. Comparison of generaled mesh using the proposed
technique with other techniques.

Wnum. elem.: 1300
(c) Node spacing field
(Weatherill, 1994)

Fig. 7924 R0], Aok whgo 2 A E A7)
EX A= 7h3 24T 4=E A2 39l
& = Qo). 3L, Fig 8014 BRo| A|Qks uwkio
2 348 AA7}L 7t $03t o)zt EH, 4 E
A, A= AZAHL HYe A £ AUt

3.2 BEQIE A(Ball joint socket)?] 3%H ¢}
= |

YD AAA T B A AFAE FEeR
2ole & ZQUE 279 32+ G7F g A5 o)
2 g3tck(Fig. 9). ¥ 382 120N 3452 Y
st ZeAZE B sk B4 NS Hes 3
02, 2Ale AISHO4SE AME-EHen, olaAig<=

3%
= 30 || ~*—Pronosed technique
< -8-Node space fleid
B 25 r - QVDT
Eur £
b1 8 =
-
g 10} pati 40 1
£ 5| 6-minfq, 4. §)
y —n—= Angle(’)
0 10 i k1 40 50 60
(a) Minimum dihedral angle
90
— 80 | | ~~Proposedtechnigue
i_g, 70 | | -=~Node space fleld
g 60 | | ~+~CVDT
50 |
R g = o
“6: 30 T Ay -4
g o}
Z 10
0 Quality
0 0.2 04 0.6 0.8 1
(b) Shape quality
70
- 50 -»-Proposed technigue
s -6-Note space lleld
g 50| +cvDT
g aof
= iy f=vo!qud¢n)
k] 20 W@ )
E 14
’ Conformit
. 0.2 0.4 (X3 (F] 1
(¢) Density conformity

Fig. 8. Distribution of mesh according to the remeshing
technique.

gy
B Toal Modeling

€3 Bal Join rockel B Inkiat Setop

Fig, 9. Modeling of the forging process of a ball joint
socket.

03, 2382 ekETE 300mnvsE ARSIt B
AFe E2FAHL AH 3FA, 635522 1
o] s|AE FaslA, AAANTEYL 493] alstnt.

AR {244, e} W AF) e
FREHYE BEE Fig 109} 2on, 249 3
A= Fig. W) 2t 280X B.%o] A7 ¥
HHWA WRo] AT e e JAL Fotgd 4 92, F
A3 Az PAEEE 81T 4 A

FFCAD,/CAMEE] =54 A 128 M43 20073 89



260 e, 454

o

g

Tnitial billet 5 mmf22 mm 2 mmiZ2 mm oapcamecen.

19 stage o

o o>

S mmit$ mm 10 mm/15 man
2% stage

3mmiS mm 5 mal/5 am vemmwss

3 singe
(a) Distribution of the effective strain

RRERRIRIARS

X
%
KA 3
R N N A A
2 SR ;‘;.‘»:25;4.:,"7.5.f;:.’.v¢';)‘4‘::::5 o
7 R R AP N DIt
PR XN AT KA o)
SIS, AN TSI T I A AP T
A S T G G R AN s SR G A
PR RIAaa A ST A T O AL
A R B A KA YA T X
R R A R A A KRB
R
e A S S T et 8 L e, ~
K  R DIR AN T AN A T
R P A
R L AR PRI T
v RS A G e e
RN KK DR
S S
1 ’ .
35 » num. node : 6574
2%
A » num. elem.: 3785

» num. node : 43258
» num. elem.: 30122

Stroke 22 mm of 1* stage

» num. node : 49774
» num. elem.: 30091

» num. node
» num. elem.

Stroke 3 mm of 3 stage

(b) Distribution of the reconstructed mesh

Fig. 10. Distribution of effective strain and reconstructed
mesh due to the deformation behavior of the

workpiece.

HFCAD/CAMTE] =83 A 129 A 45 2007 84

Defonuned shape Effecline stram inte

s afrmecy
pr=
[re—
eseen
PR
1
Lonia
Aoy
[y
Pramey

Effective stiess

Denshy + 1/zm )
et
E—
-
A

S
e
pen—

Desbed esh density

Section view

S R .
3 ALK
R

5

» num. elem.: 17300

Final reconstructed mesh

Fig. 11. Companson of generated mesh with and without
density control (Ball joint socket).

Aol A2L glak 274 sl =F AR
49) &2 Fig. 110] eI m, AL w3 E 4
4544 g AP 44, A APFPEE el
FAD AuRAe} AQKE BHe Ea 2R FA}
= Fig. 129} Fig. 130 »)2aldct. Fig 129} Fig.
1390 R3o] At WES HEsle] 7T HA}
7t 71 Fe 25 A4 2 8AFAE HYE
& = e

s4e) UEE gslr) st 7} slA] AR
iz 9218 A4kste] Fig. 149 Vbt Ho)
& & Aol eabe s%E A6 A4 £

RART:S
k- 5

Jnum. elem.: 2570

(b) Constructing mesh
mesh without density control

— e
MR P ——
: e

SIS

;
0

Inum. elem. 18306 3nom elem 17300
(c) Constructing pre-constructed  (d) Final reconstructed
mesh with density control mesh
Fig. 12. Comparison of gencrated mesh with and without
density control (Ball joint socket).



Fod DAL T AP % AR 261

n n ;
4
6=minld, 8 &4 &)

18 -~

——W/0 donsity control
= 15 [l —Pro-constructad
&, 4 ||{~e-Final Mesh
E 1
g 10 b
& 8
; 5
3 4
< 2
oL # Angle(®)
0 10 20 0 40 3] 80 70
(a) Minimum dihedral angle
. 3 A1
=3 - - N T
5(‘7{14'/‘;&1*“41)“(‘{1""153*131)
35
——-W/0density control
& 0 [| ~~Pre-constructed
&g 25 [ ~®—FInzl Mesh
g
20
4
& 15}
=S
g 10}
=)
Z 5t
0 F Quality
0 0.2 04 0.6 6.8 1
(b) Shape quality
28
——-W/0 denslty control 3
= og || -&-Pre-construcied
% ~o=Final Mesh
E 15
§ - volume(elern)
‘vg 10 U f;ia (fdr:nn)
g
3 5
2
4 . * Conformity
0 0.2 0.4 0.6 0.8 1

(c) Density conformity

Fig. 13. Distribution of mesh according to density control
(Batl joint socket).

12 e
% .
F 10 1 step A 2nd step ‘ 314 step =%
5 R § t
oot R E—
By 0 st o
g 6 .‘,“:"3.,..‘ e RNNTARIT
(X3

2 4 b i
I I I S
2 2 | i

[ Stroke step

[} 10 20 30 40 50 60 70

Fig. 14, Relative energy error at each stroke step.

6'}91 o x| 37} 3%-8% Alololl 52 F

& #E Y. 24 FAL 270 1pe= EE Aol
Lizlaz}t 29 FEe] 7] AEFTo] FojN =
RA) HEulo] do}r g AAWE oui=)o) o
gk Al ez 2zt ghol w7l vehe A ¥
“dojct. S, Aok WilS o] &3t Al pAlE Hg-7

AR dzgie a8l e
A7E AN deldR] 24} 712 E
o] 7hs S Hyskar.

S A, AL
FA s

4.8 E

2 AT E 247189 FHIaNo] 4G
Axe F4E Aol Az ASAANTY e
A, FAYILE 188 AT 2244
AR B2EE Fa) Ak Az 9
A % 2452 AUskdlon, 1w
B9l fpasaio) Agslel AuAe = o 2
ZlE Aoe] 92 G AN A,
A, AL AT heiol kel WEAT
& ¥ HAE, AR B 27 7% 5%
5 8 FAshe B9 ko) £YBL FAsA

=8

. Zienkiewicz, O. C. and Zhy, J. Z,, “A Simple Error
Estimate and Adaptive Proccdure for Practical Engi-
neering Analysis”, International Journal for Numer-
ical Methods in Engineering, Vol. 24, pp. 337-357,
1987.

2. e, o|NE, HEY, FTY, “2& <5 F3)
A% A& o] &7 A ° Delaunay ZZFA8A4 00",
A 7T 9kE)R), Vol. 13, No. 4, pp. 334-341,
2004.

3. Yoon, J. H. and Yang, D. Y., “Rigid-plastic Finite
Element Analysis of Three-dimensional Forging by
Constdering  Friction on Continuous Curved Dies
with lnitial Guess Generatton”, fnternational Jowrnal
of Mechanical Science, Vol. 30, pp. 887-898, 1988.

4. Zienkiewicz, O. C. and Zhu, J. Z., “The Supercon-
vergent Patch Recovery and a Posteriori Error Esti-
mates. Part |: The Recovery Technique,” International
Journal for Numerical Methods in Engineering,
Vol. 33, pp. 1331-1364, 1992,

5. Picgl, L. A. and Tiller, W., “Geomctry-based Tri-
angulation of Trimmed NURBS Surface”, Computer-
Aided Design, Vol. 30, pp. 11-18, [998.

6. o1A1g, “AAFH 1o} Geaay s
g CAD/CAM #3] Vol t, No. 4, pp. 189-
202, £996.

7. Chew, I, Constrained Delaunay triangulation, ACM,
New York, 1987.

8. Bowycr, A., “"Computing Dirichlet Tessellations,”
Computational Journal, Vol. 24, No. 2, pp. t62-
166, 1981

9. Watson, D. F., “Computing the n-dimensional

Delaunay Tessellation with Application to Voromoi

FHCAD/CAME S w3 Al129 443 2007 /Y



262 T, F52

Polytopes,” Computational Journal, Vol. 24, No. 2,
pp. 167-172, 1981

10. Brackbill, J. and Saltzman, J., “Adaptive Zoning for
Singular Problems in Two Dimensions”, Journal of
Computational Physics, Vol. 46, pp. 342-368, 1982.

11 36, o)N8, F5d, “AAdEE olg3d 4
A 2zl GHAQ) ARpHst W, ddr)
358A], Vol. 12, No. 4, pp. 340-347, 2003.

t2. Ruppert, J., “A Delaunay Refinement Algorithm for
Quality 2-dimensional Mesh Generation”, Journal
of digorithm., Vol. 18, pp. 548-585, 1995.

13. Knupp, P. M., “Algebraic Mesh Quality Metrics

for Unstructured Initial Meshes”, Finite Element in
Analysis and Design, Vol. 39, pp. 217-241, 2003.

14. Weatherill, N. P. and Hassan, O., “Efficient Three-
dimensional Delaunay Triangulation with Automatic
Point Creation and Imposed Boundary Constraints”,
International Journal for Numerical Methods in Engi-
neering, Vol. 37, No, 12, pp. 2005-2039, 1994,

15. Du, Q. and Wang, D., “Tetrahedral Mesh Generation
and Optimization based on Centroidal Voronoi les-
sellations™, Internavional Jownal for Numerical
Methods in Engineering, Vol. 56, pp. 1355-1373,
2003,

2 H H

19993 ¥F9ap |69 71Alg3h &t

20008 P47 ]e Z1Al T3 Ak

§ 20063 I=3p7)e 7)A|F 3 wpr)

20063~ 44 SDI AAAIAR pack
NE2E 49

Aok Mesh generation, FEM, AHE
A, 24713

FHCAD/CAMES] =33 A 12W A43 20073 84

¥ & ¢

19733 M W3t 714 3 =) A

1975 g=F2871=9) Z1AE e AA)

1978 §=318}7)59) 715 &) viA)

1981'4~1982d 5 Stuttgartitl, F<
Agdrs 4947

1988319891 Z-2hA ENSMP3-#t)

= g AR AAY AT R

1973~ @A P 7] A k3] ofAobe) H YA HY R

197~8Al 2871= 3 YVIAYEA T4

2000d~2002d @A rbEdE

20023 MUMISHEET 2002 Organizing Chairman

200433~20053 H1R BT IR

2006% ICFG Plenary meeling Orpanizing Chairman

2008 TCTP Organizing Chairman

20023384 POSCO A #ay

197333 A e3337)24 71AFEF A5

MRk Computer-Aided Net-Shape Manufacturing, Rapid
Prototyping & Manulacturing, Rapid Product Development




