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On Finite Element Models and Mass-Spring Models For Simulating Large Deformation
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Abstract : Many methods have been proposed for simulating deformation of soft objects. Linear fi-

nite element (FE) methods are simple but they produce unnatural deformation under large rotation.

Mass-spring models (Spring Network [SN] models) are not consistent with continuum mechanics

and nonlinear finite element methods are computationally costly. This article overviews previous

techniques for simulating elastic deformation of objects based on FE models and SN models.
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F(p) = OW(p)/op" (1)
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Mv+Dv+F(p)=h, p=v (2)
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M(vy —vi—1)/T + Dvg_1 + F(p_1) = he
Py — Prp—1 =Tk (3)
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i1 = Foy_1)
Vg — Vg1 + TM ' (hi, — Dvg_1 — f)_1)

P — Py +Tok (4)
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M(vy —vi-1)/T + Dvr + F(py) = he  (5)
P — Pr—1 = Tok (6)
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F(pp)=F(pp_1+Tvr) = F(p_1) +TK(pp_1)vr (7)
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K(p) = 0F(p)/op (8)
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Pi < Pp—1 T Tk (9)

oooboob0 KOooooooooooooooooooo
oobodoostoooooooooobooooooooo
000000 ooooo0oUoU0ooooooUoO
ooooooobooo

00000000000000 fFOO0O0OOOOOODOO
oooObO KOoOOoOOOOOOooooooooooooooo

gboooooboooboobdoboooooooooooon
oooooooooroooboooooobooobooboooon
gboooboooooboooooooobooooooboooon
ooooboooo0o0 Koooooooooooooo
ooooOoOO0oob0 FEOOOOODOD KOooooooooo
gobooooobooooobooboobobooooboooon
gobooooooobooooooobooboo

3. ODOOO0O0OO
3.1 ODODD0OFEOOOOSNOOO

ggoooobobbbobobooooobobbooooa
00000000000 FO0000O000OOOOSND
OO0 rE0OOOCDOOOOODODOOOOCOOOOOO0OO
gooooOoOoooOOoOoO0oOoooooooO FOOOOOO
00000000 000000SNOOO0OO0O00 FEODO
ocoooooooDbODOOO FOOOOOODDOOOOO
OSNOOOODODOOoOOoOOOOOOOOOOFEOOOO SN
gooooooboO0oooboooboobooboooDoooon
goboobooboobooboobooboooooboooon
00O [20, 10]O

ooboooooooooo FEOCOOOODOOODOO
OOD0OO00O00OSaint Venant-Kirchhoffd StVKO O O 0O
0000000000000 0000000000OStVK
000000 Green Lagrange (GL) 000000 Second
Piola-Kirchhoff (PK2) 0000000000000 OOO
gbooooooooooboobodoboooooooooon
O000000o0ooOooGLOOO0ooU0oO FEODO
gboooobooooobooooobooobooooooooon
0000000000 0Barbicd James 2] 000000
oboos3sgbboobobooboobooooooogon
obooooboooboooooboooobooooooboooon
00000000OZhongO [21]00GLOODOODOOO
gooobbobbbobooooooobobobbbooooog
goboodooooobooobooobooooobobooooa

OO0 FrFEOODOOOOOOOOODOOOOOOOOO
goooboooooooboooobobooooooon
gobooooboooobooooobbooooooooboooo
goboooooobobooocoooobooboooooo
0000000000000 00000000O’BrienO
Hodgins[16] 0 000D O0O0 PK2OOODOOO0OODOO
PK20000000000000000O0O0000000
0000000000 0oO00oooooOo (11, 6)0Miller
0 [1210000000000000000000000O0
0000000000000 0000Picinbono O [17] 0
gboboooooobocoobooboocooobooooboobooooao
oooooboooooooooooooooboooooooon
gobooooooooooooooboobooobooobooo
oo FOOOOOO30000O0DOO0OO0OOOOOO0O0O
Oo0o0oo0ooOo0o00000 FEOOOOODOOOOOO
gobooooOob0oooooOo FEOOOOOO S0000



gooboooobuooooba
3.2 0O0O0OOOO

0220000000000 00000ODODODOOOOO
gooooobobbbbooooobobobbbbooooog
KOOOOooooboooooboooooooooo FE
Jo0d0ooDoOoObObOOo00o0o0oOoooobobooOooooo
000000 SNODOODOO FEODOODOODOO
0000 [16, 11,6, 12,17, 22,3 00000000000
gooooo

JodoooOboooooboOooooooboboooa
gooooobobbbbooooobobobobboboooooa
gooooobobobobbooooooobobooooooo
O0000Capell000DD 40O00DO0O0ODOOOOOO
000 KOOoooooo 200000000000000
goooboboboooooooobobbbbooooooo
00 ODebunne O [6] O “semi-implicit”’00000000
JoddbOoObbOO0o0o0o0oooobobobboooooooao
Oo0O0oOMullerO [13]00000000O0O0DOOOO
goobooooboo

Jo00boobooooDooobooboobobobooo
0o0o00bO0oDOoooooOobOoboOoboooooooooa
gbbooobbooobboooboobobooobbooobobooboo
O00U000ooOU000oooUuooooOoooo (14, 5,4, 150
O00O0O0OCapell0 400000000OOOOOOO
0gooooooooobobobboooooooooooooa
O stiffness warping[15]0 00000000000 OO polar
decompositiond 0000000000000 O0OOOO0O
o0ooooObOoOoOo00o0o0o0ooooDobooOooooa
gooobobobbboooooobobbbboboouoooag
ogdo
3.3 00D0OOO0O0ODDOOOOooOOd

SNOOOO SstvKOOOOooooooooooooao
godooooobObo0ooooooboobboboooooo
Jod0ooOoObObO0o0o0o0oooobobobboooooooo
dooooooooooooooooooooooboooa
O0o00ooooooStVKOOOO GLOoooooo
000000000 UDOooOoo (18, 8|00

0000b00obOooobOooboOooboooooooooo
0000000000o0oOoooOosSNOOD 20,19, 1010
StVK-FEO OO [1710000000000000000O
00000 [10, Appendix C.2][9, Section 4] 0 0000 0
ogdodooboboboobooooooooboooooooa
00000000 p, 00000000000 fy =p,—p,
g200000000000000DO0O00OO0DbOOOODDbOO
o000 e00OD0ODODOOOODDOO 30DODO0O0O0O
ooooo30o0oooooaa

C=ps (Pp X Pc) (10)
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