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$F£1ZEZ ElasticaDEHRES=

ZRREHME Y X 2 L — & Elastica DRFOFEHEIX

o JEHIFITT, EAFEIT TDOLAER 2D 3 TGN IR D 28 K 0 B R T B BE.

o RERAMEIT, WM - JESE T HME (IERREE M) DFE AW HE,

LA MR S X 2 L — & Elastica DHEEIZA T O@ED TH 5,

o IR LHMMERMEE (BN T A — &) 25 DEBOYWENREINZAHRREZWMOES 2L hTE S,

o HEEFMNLMMARZRS Z W TE, FHHME L IEESHEDRL DA PVES I NAKRBIDHS
ZEINTE S,

o 3B L2 ML DOHEREREIEIC X I HMERD BB DFHHEZ1T D,

o Ay apke U TEREDONEAREH VWS ZENTE, Mik DT H—F A v ¥ aRETERL RO
AR5 T, ~BOARBERETO T T LHDA Y V220 ANTHEETTD Z L DAHETH 5,

o ZOIRE FHIEL UTHRRL). RESHET S & CEIEEMBR&M:, AR RREHNS Z 2D TE S,

o FlRAMEEL UTENMNANZ MUBLUHBI RV X —DEHSARHF LN,

1.1 ERORE
KRR D T 3OV X — I3 AR 27 SV u(x) ONBEBE LTUTO LIRS Z N TES, [1]

F[u(a:)]z/vddx%Dijkl(w)eijekl—/Vddxp(a:)giui(w)—/s A4 T () (x) (1.1)

ZZT, diz, d 2 1384, REBESB LCHBESZ2ERL, £/, X7 MLV, TUVILORFOR—REDIT
M3 2sMzL2e WS HAIZEAT 5,
eij \F. BART MV SEIRINDEAT VY IVTHAERLOHETUTO L S IZEHHEI NG,

=3 (a0 + o) 12

p(z) IFHAARE D72 0 OBEESM, g FEIIMEE, T(z) ZWEOKEOEALHERE D 72 D 125 %Ki
1 (fifE), Sy BREMENGZ SN SERM, d FEMITEERT,

BEVERT VOV Dyjig (&, BAT VYNV E BRI ZERIANF —&RHEOMNIT 2 ABDOT VY IVT, EAT
VN ey WA j I UTRIRCH S Z LTI LTy WF (4,5) & (k1) DO S KT ANEZITH U
TR D LS ICERIND, BIEERDORFGEDEE WG U T Dijy D5 HEOTRVESDEIFLED S,

FFHMERDOEEIZIE Dijy DS HbEUTRVBOOHIF 2 HE LD HHZALF—ORIEBATD & 512
2%,

Flu(x)] = /Vddx {G(m) (eij - ;5¢jeu> + Kém) (en)? — K(m)a(a})e”}

— dl‘ T)g;u;\xr) — d71$ iU (T .
/Vdp<>g<>/d Toui(x) (1.3)

St



2 £ 1E Elastica DERER

ZZT. K(z) I3MEBE#MER (bulk modulus), G(z) & AWM (shear modulus). «o(z) IFAREMEIRRE
Th 5,

B D ERIL BN T A — R 2R OYHEMNRE S NERRZID TS HEITIE. Dy SWEEZ#EKT 55k
7 a OMPENT A=2 D KBRS U (z) 6T O &S ICEET 2,

Diji(z) = Dg), 0% (x) (1.4)

HMUEARDOEITFEHBH T ANV T — FDRR/NE R BEMRT MUk UTEREI NS, NOBHBT 2L F—
WIBUNRERLR T DIV Su(z) 25 A T-ROEERE L TERI NG,

0F[du] = /Vddeijkl(a:)ekﬁeijf/vddxp(m)giéuif/s ddilx’ﬂ(a)ﬁui

8uk 0
= | d%&Diju(w) 55 —0u;— [ d? iéi—/dd‘l Ti(x)du;
/V xDjj(x) du, 0z, u /V xp(x)g;ou ., 2T (x)ou
0

(1.5)

Z 2T §F[0u) 1&. BUNBERRT DV Su(z) 252722 &L, u(z) + du(z) DHHI ALY —%%
=7,
FHMMEAROGEIIE EEE ORI,

o Ulou w1, ow) | Kiw), ow oo
SF[ou] = /Vd x{2G(m)<2 aijré)xi déwaml t— 51]&” K(z)a(x) oz,

—/ ddwp(w)giéui — dd_lei(x)éui
\% St

= 0 (1.6)

tEREBH, TIT,

<€ij - Cli(sij6”> (51']‘ =0 (17)
ERALUEZ, 202 SIEAT VYV T LS IZEETE S,
oF 1
oij = 8€ij = 2G(w)(eij — géije”) + K(CL’)(Sijell — K(CII)O&(:E)(SU (1.8)

1.2 ABREZFRZEKICK 2EEUL

X (1.5) £721ER (1.6) THRINDH D HEVERAERITHN U TEDIEIC L 2 ERELZMHEL 2175, 1 DOER
WHEAY Y aANDOENNRT MVEER %, BREMERT 288 T TE 1 2R DM L () ORIEAEEIZ
L 2RATBIE TR T,

ui(x) = Li(x)u] (1.9)
I
ZDENRZ PV TRINEZHHZ A LVF-RTBWT
oF
S 0 (1.10)

7

LB itk uf BRNEE T HEN-RABEREZES N TES, FHEEEKIZOVWT, ZOAK
AR EREZ—DDEE e IZDVWTETEUTD LIRS,



1.3. FEFEHBMEERDEY HFKW 3

.y

J

XB%HV@IV@md+WﬂyVﬂﬂ@}+OQ >E:VMJVLI ]
k

J

= Keoo(ViL) + Y plgi U ddeILJ} +y 1/ [/ dd_leILJ} (1.11)
J € J €
ZIZT, V IZEREORME, Koo Geu ao EZZNZTNARBRMER, & A WHMER AR RGER O B HE 1M
T, JIZEEEBET MO VT 2 ATH S, EADOFEIR [..] NOELLRZ N IVELG DR S kX
NBE< MY w7 A XL IRARRPBFONS,
FEROENL ARRERNIZORDOMBEHiR [ BWET 2EZTRTUIIODVWTRLAEDEEZ DL TR LGNS,
Bo Nl IR R A B AREIC & DR Z 8 TEAARZ MV RIS 5,

1.3 FEFFHEMEEDERY H W

PR D B ME ISR D X 1 TS U THbN, BlZE UTOL5 20055,

o TNFRE M (axisymmetric) : R OZEREG AN R 2D, AU TERSTANZ DWW TIEEF G,

o EXRFESME (orthorhombic) : ExR 9 5 3 DDZEMEZNENIZ R DHMELEER D,

AV Ialb—RTRINSGDOELGEDS B, HNFREGHEFMEAREZRS Z VP HRS, EH#IOSGAIERIC
52BN TED,

EARAMEFZIZZNE D EOFREZ R DBMEROMEEBIE —MRITELATD K ST T Vb oy
EEART VY e REECRT 2HBBUTHI C L LTRBESND, 22T, FlAA%E 2y, 2 8lI22 > T3,

£ [Cyy Ciy Cis 0 0 0] [ers]

Oyy Cia (O (O 0 0 0 Eyy

0wz| _ |Cis Caz Csz 0 0 0 €2z (1.12)
Oys 0 0 0 Cu 0 0] le.

fo o 0 0 0 0 Cs5 O €ra

| Oay | 0 0 0 0 0 C'66 | €y |

BRI R OB A LT D & 12 5 DO 85 A — 2 L kom 5 £ & FWT C 171% 25
TEB, (xMEREAMEOEMY L)

Oga n l l 0 0 O0Of |egs
Oyy I E+m k—m 0 0 0f [ey
Oz | _ Il E—m k+m 0 0 0Of (e. (1.13)
Oyz 0 0 0 m 0 0f |ey
Oz 0 0 0 0 pw O €2z
[Ty | 0 0 0 0 0 1] | ay

A (1.13) FEGVED R R e — BT 2G5 EORJLE Lo TWVWED, —fRIZY Iab— 3 VIFOEERE
iR FER e —BT 2 LIRS T, FERLIMAEROYWENMBESGINREEZ LV HONIHEELEEZS
N3, ZZ T Elastica ¥ a L — X TIEEANOHMMEED HlaE 52N TEBLLSIZLTWVS

R M % £ DBMRD FE GO BN R Y ML E n, 2T &, BAERBDZ0 DO TADT I
e fEUTO LS ICEET 3,



4 £ 1E Elastica DERER

f = Di(ei)* + Da(ninjei;)* + Da(en - ninjeij) + Danjeq - npeq, + Dseijeis
1
= 3 [2D16;0k1 + 2Doninjngng + Ds(;5n,m + Opning) + Da(dienjng + djiming) + Ds (01051 + 6510:1)]
€ij€kl

1
= §Dijkl€ijekl (1.14)

ZZiZHobhd 5HDFRE Dy, Dy, D3, Dy, Ds 133 (1.13) IZB N5 5 DOBMMENR T A —X LBEDIT 5 Z &
MTE, 2L D ERORAMMA % G A A RO L 25 R T 5 Z e TE 5, BIRK 0y = i{j
Eny=1n,=n,=0,L722EDX (1.13) DEHDOMIGIZ L D U FOBEFRAR SN,

Dy = (k—m)/2 (1.15)
Dy, = (n+k—-m)/2-1—p (1.16)
D; = Il—k+m (1.17)
D, H—m (1.18)
Ds = m (1.19)

ZOHAIILE—FRE AV o IS8T 5 ERERMEERIER (111) % L LU FORICE 5,
SORIZE S BRERSA RESIC FAC ORIEREME I TTRE T B B

uy

VY 1D DiuViLiViLy
J i o1

=Y pla U ddelLJ} +y 1/ [/ddleILJ} (1.20)
J € J

€

1.4 ERIWNHEEFTORSDEEROEEWL

Elastica ¥ I 2 L — X [FE S BHVEGR & RAME 2 R OMMEARORAR IR 2R TE 5, #lEkT Y
WEA (1.4) D & D IZEB D DOFMERT VY )V WD OB RIZE > THNEFH LS DL L TH>TW
%, ZORFVOFHBETIEAHTRALVF—BUTOLIICHED a Tk BHE LTRTZEHHKS,

*Z ukz‘l’ €ijCkl (1.21)

U7l THIRZESEY b Y v 7 ADERSMEL TR, AR ECHMER T >V Vh Dy, v T%é&it%’*
IR T 2 MUY 7 AZRER LT, IHICENSDIY NI Y I ADHE LS T &T(E‘: IG5 < b
Vw2 AERERTHIENTES, FHAITOVTIEZENS DRER T/waﬁﬁ%hmth@%ﬁ&z
FEWDT, BRELTEDLS REAMEZ L OWHDEEW TELEHIEHHETH S,

1.5 ZEHMEHICEROMI D H155 DKL

e R M 2 B DBMER R > D B AGMERN R 7 ML n BRZEETH— TR <, BEASE n(x) 2F255
2EZ D, finl K TORGMEEIRZ bV nk OBEE UTRINZRAGWBIET > VIV D (nf) &, fHis
K TORBEDR Uy POBRENOMERT VYV EUTO LS IZHFET 5,



1.6. BERFH 5

Dija(z Z L (®)Dijra(n" ) ¥ (1.22)

=Ved {Z [ZZ ( Dijri(n ) V;LiViL; } uj, (1.23)
K
I Tp B—DDEREZERTIHEOBTHE, ZORIRZLZESGEEL O L H BRI K 1T

Omfllmm mwK%#%ﬁ%%w%yv»aufvruyaz%Wﬁu\%mgéﬁﬁﬁKmomfm
Yk X KkY 5,

ZoBA. R (1.20) OILEMTFOE > c# A ET,

ZZ ( ikt (1 /eddeK(x)) V;iLiViL;

K

£{zs

1.6 mAKH

Elastica ¥ I 2L —X THID D Z & DTE BEREMIE, “FEREMBEREM” &7 README O 2D
ThHD,
BREEZ S=5,+S &35, ZIT;

o [FEEZABIF S, :
w; = (1.24)

|
&

o REMENG X SNHER S,
05515 = Ti (1.25)

HEXHIIKE S EOORAMENPGEA SNBHRAEEZ 5,
BRI e RS D A ik, “Elastica V) 7 7 L ¥ 27 @ Elastica O F Al G872 8 2488k (R b0 —
B 2zaniw,

1.7 BEEZEAMEFFEDONE

Elastica > I 2 L — & Tl&, penalty number % {#H$ 5 5% (K. FHH [2]. p.50) (2 & b EEBERSRMED
Him 2O F->TWd

ZOHETIE, FTEEBMBERLMEEZMBRT 2HAUTTLTH, —HIZZOHi DB AR ETH 5D
DEIITA(1.11) [T U720 TITH ORI 2 7o THE L, ZDODHEYIZRD 72 K E 728Ul o % penalty
number & U THEEZRIERIRMEDERL ul OIFFIBEROMAIIZ a &, HIXT SVORSZ au! ZMZ 5,

COEDITHHL 7= — IR R T CEERM R ZRO AND I LN TE S,






$£2% Elastica DIt HEE{E

Z 2 TSRS I 2 L — & Elastica Q&AM % 7,

2.1 Elastica iz FBH#EER

Elastica TIEELTFD 11 DYV TV EHBELTWS, IS5 DIGAMNZNIET S5 AN UDF 771, Hh
7 7 4 NVE X MUFFIN OEAKRDO T« L2 MU MTIZEENOT s L2 b LTHDONT WS,

2.1.1 G101 : BEEER
e 3%t
1) MNL U 7 E S ARDO M2 (GEAM). (EX01/EX01_cube_in.udf)
Usage : muffinbe_elastica -1 EX01_cube_in.udf -O EX01_cube_ou.udf
2) HAIEIM 2T (). (EX01/EX01 bulk_in.udf)
Usage : muffinbe_elastica -1 EX01_bulk_in.udf -O EX01_bulk_ou.udf

o 2IRJT
1) NZ U 7z UAE O S AR GEE). (EX01/2D/EX01_square2d_in.udf)
Usage : muffinbe_elastica -1 EX01_square2d_in.udf -O EX01_square2d_ou.udf
2) MBI 2 (A#). (EX01/2D/EX01 _bulk2d_in.udf)
Usage : muffinbe_elastica -1 EX01_bulk2d_in.udf -O EX01_bulk2d_ou.udf

2.1.2 BAFI02: FEFBR

o 3L : FFFB R, (EX02/EX02.in.udf)
Usage : muffinbe_elastica -1 EX02_in.udf -O EX02_ou.udf

e 27X : FEEBR, (EX02/2D/EX02.2d in.udf)
Usage : muffinbe_elastica -1 EX02_2d_in.udf -O EX02_2d_ou.udf

2.1.3 J5AAfI03 : PhaseSeparation 5D 2 KA EIL 7 # O2 —D AN & BEERER

PhaseSeparation FEM D] 03 (RNVG#EE L, Flory-Huggins model @ 2 0 A0 0 BEREIE) DFH 4> B
1 D T W 2 TR AT

1. EX03.in.udf 2 &, 72 ¥ 3 »”import_fields” T PhaseSeparation FEM @ EX03/EX03_ou.udf % i
i&&O

2. BHREZELT
Usage : muffinbe_elastica -1 EX03_in.udf -O EX03_ou.udf

FER R IR



8 5 2 & Elastica OHRE

2.1.4 ABI04 : SUSHID 1RTT2 M T X FHED A & EFEZET
SUSHI ® 1 kG 2 J§45> 7 A Z HEiE DFHREFER (blend_uot.udf) 2 AN U, EMEEZ1T D,
1. EXO4_in.udf ZB#&, 72 ¥ 2 »”import_fields_1d” T SUSHI @ blend_uot.udf % & AiA &,

2. FHREAT
Usage : muffinbe_elastica -1 EX04_in.udf -O EX04_ou.udf

2.1.5 5AHI05 : SUSHI® 3R> ) v 4 —HED AFI & RE AN
SUSHI @ 3 ¥kt V) v X —HEiEDFHRAER (susi3_cylinder3D_uot.udf) 2 AJ1 L., RS THIELE %
?# 50
1. EXO5.in.udf Zf &, 72 ¥ 3 »"import_fields” T SUSHI @ susi3_cylinder3D _uot.udf % FéAiA A,
2. FHRESEAT
Usage : muffinbe_elastica -1 EX05_in.udf -O EX05_ou.udf

FElER R I3 A

2.1.6 GFI06 : HKBEASOEMEAROEMER (EL74+0Y—THE5X %)

1 DOHRRT L% &OHMERDOTMZETY, WEOBRME 2RO £5 04k 3~ > F”ONE_SPHERE” IZ
QU (IR
Usage : muffinbe_elastica -1 EX06_in.udf -O EX06_ou.udf

2.1.7 BAFI07 : BEEAESUEMEERDIEMEY (Ay>aTHKE5Z3)

1 DDRRIT L2 ETHIEADOTIMZIL, WIIZERIEE 2 &SR IE Milk 2 W7 JEER FeRBE X 0T
0. EX06 L AT, BREMDB Y v — TR0 5, BRORRE D R I B S (region_condition]]) T
AR,

1. Milk (2 & b JEARVERL,
Usage : milk5_3d -I EX07_milk_onesphere_in.udf -O EX07_milk_onesphere_ou.udf
2. EX07_in.udf 2B &, 72 ¥ 3 >?import_mesh” T EX07_milk_onesphere_ou.udf % g AiA A,

3. BHREFELT
Usage : muffinbe_elastica -1 EX07_in.udf -O EX07_ou.udf

2.1.8 [GFI08 : SUSHI D 1 RIT 2D T X ZBEDEDE R & F<mE Mk
SUSHI @ 1 ¥XJt 2 Bisr 7 A FHEEDEMEAER (blend_uot.udf) 2 AL, ERASOWEERL2 G2 TER %

4= =

/fT 9 o
1. EX08.in.udf 2 &, 72 ¥ a > import_fields_.1d” T SUSHI ® blend_uot.udf % #iAiA .,

2. FHREAT
Usage : muffinbe_elastica -1 EX08_in.udf -O EX08_ou.udf



2.2. Elastica R IEFMAR 9

2.1.9 [GEMFI09 : /N XY IJLDORRIS

iERDO R 5 2 BIEOMIT2FHET 5, HEMEA Y Y2l 22Tk (Milk TIEE<L) Elastica DAy ¥ 2
R W TEKRT 5, (BHAA Mk ZHVWTHREL)

1. Ay Yo :
Usage : muffinbe_elastica -I EX09_meshgenerate_in.udf -O EX09_meshgenerate_ou.udf

2. EX09_in.udf 2B &, 72 > 3 >”import_mesh” T EX09_meshgenerate_ou.udf % #iMil &,
3. Ya— KU, Python 2~ > K "make_bilayer.py” T 2 J&IRA#E % 7E 5%,

4. BIEFELT
Usage : muffinbe_elastica -1 EX09_in.udf -O EX09_ou.udf

2.1.10 BAMFI10: /v FDHBENEE FTOEDINHNE & S ES

v FDHBERD & S EENEE (K=G=1000) ETOE (K=G=1) OIHEEE L In Eh O 217 5.
FEREE A v > ald, T 2Tl (Milk TIZMEL) Elastica D A v ¥ 2 ERikRE % FIWTIEKR T 5. (55 A Milk
EZHVWTHREL)

1. Ay Y agpk:
Usage : muffinbe_elastica -1 EX10_meshgenerate_in.udf -O EX10_meshgenerate_ou.udf

2. EX10.in.udf 2B &, 72 ¥ 3 >”import_mesh” T EX10_meshgenerate_ou.udf % #i ik M,
3. Yra— KU, Python 2 ¥ K "make_bilayer_with_notch.py” T./ v F2 & D 2 JEfEE % /E K,
4. FHEZFEAT

Usage : muffinbe_elastica -1 EX10_in.udf -O EX10_ou.udf

5. Python I > R "stress_analysis.py” THEDIRIZIA o 7= LIS I 010 % A,

2.1.11 5EAI11 : BETTOHEKkRR (FIKE) OEF
EE T COYERBOLW A MITT 5, BREIBIRD A v > 213 Milk TIEEHKES, (MILK © EX12 28)

1. Aw ¥R
Usage : milk5_3d -I EX11_milk_in.udf -O EX11_milk_ou.udf

2. EX1l.in.udf 25§ &, 772 ¥ 2 >”import_mesh” T EX11_milk_ou.udf % FAiAH,
3. AT
Usage : muffinbe_elastica -1 EX11_in.udf -O EX11_ou.udf

2.2 Elastica i AR {EGEHARER
2T, RAE 03 ISHE 05 12D WT, BIED B AT S,



10 % 2ZF Elastica DISARE

2.2.1 &A1 03 : PhaseSeparation ™S DEI 7 4+ OY —D AN & FHEMEREMN
[EEE
1. PhaseSeparation FEM & 3 2 L — & TEHE L 72 2 4% (50:50) O Flory-Huggins EIHT %L ¥ — (2 &
B HEREE (RNEEL) DEIL 7 4 B Y — (PhaseSeparation_ FEM D& 3 OFER) % A S,
2. Wi & HEFHERE T 5,

3. B LS (REDHKT) DIV 7 MERE KO AWEERE 1012, 282 B0 (FEROKT) DL 26
MRS L O AMHTERZ 40 (2305E,

4, Yz EER Bl X OIEAANC, Y BN EERERZ X OB ARIZEML, TAWMER 25 25K %
vialb—vay,

5. ZHORKT L HHT XV F =D 7 — 3 ¥ X — & A,

[~ 7 )L UDF 7 7 1]

PhaseSeparation FEM @D 1) UDF 7 7 1 Vi
MUFFIN5/sample/muffinbebeta/PhaseSeparation/EX03/EX03_ou.udf |2,
AJ1UDF 7 7 A )Ll MUFFINS/sample/muffinSebeta/Elastica/EX03/EX03_in.udf (2,
i1 UDF 7 7 1 JVi% MUFFIN5/sample/muffin5Sebeta/Elastica/EX03/EX03_ou.udf & 5,

[AJ1 UDF 7 7 1 LOERK]

1. Elastica ® AJJ UDF 7 7 A )L MUFFIN5/sample/muffin5ebeta/Elastica/EX03/EX03_in.udf % GOURMET
ThHI<,

2. GOURMET ®”NEW WINDOW” T, Editor #% 5 1 23 % Elf, Phaseseparation FEM ¥ 21 — &
DR 3 DHF UDF 77— X MUFFINS/sample/muffin5ebeta/PhaseSeparation/EX03/EX03_ou.udf
ZH<, Bl a— K (Nob) DEMAELGZHET S5 &, 2.1 0K S RHESMEEY R o5, i
%1772 51213 GOURMET OO Y 4 » KU @D “EX03ouudf” ¥V ADLERX Y TZ )y 7 LK
TT7 v T AZa—Ir5 “show field” % #IY 5 (region % z-sections (29 5),

2.1: Elastica : Joff 3. AJ13 2 €I 7+ 1Y — (Phaseseparation FEM: & A 3 DAESL)
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3. BT ABY—DF—R% EX03_in.udf (CAVN—=FT 2 (U TILT 74V TETTIZIYN— MK
), MUFFIN5/sample/muffinSebeta/Elastica/EX03/EX03_in.udf @ Editor V1 ¥ KU TY T AD
FAREZVEIZV Yy ZUAZa—205 “mport_fields” %EIRT 5,

4. RIZT—=REBEWMD-DDINT A —=REXATHT ETANT 5, Phaseseparation FEM @ H ) UDF,
MUFFIN5/sample/muffin5ebeta/PhaseSeparation/EX03/EX03_ou.udf %
“import_udf_filepath” & UL CAJI L. “import_recordno” iZ 5 % AT 5, 7FAMKY I AETH
IVw o FHE, Ty ANVERIRTE S, “saveas” 2. HlAIE EX03_2_in.udf & AHT S (FTIZ
EX03_in.udf ZfWTW57/d), ZOMFZH 2.21TR7,

Names Values
import_udf_filepath |C\OCTAB\ENGINES\WMuffin5\sample\muffin5ebeta\PhaseSeparation\EX03\EX03_ou.udf
import _record_no 5
save_as EX_03_2_in.udf

2.2: Elastica : Al 3. X A =X AKX 70T

5. 22 N— MM T TUE EX03_2_in.udf AMERE . ZTH52MELTV-TH WA, AR TIE, 5l
E e EX03_in.udf ZHWS,

6. FLNT, NTA—RDOZBEEITD, £9. A v adD/XT A —XK (parameter.mesh_parameter) % Z 53

% (¥ 2.3), Phaseseparation FEM D X v ¥ 2 TIZEMABI R % 3% E L T\ 203, Elastica & W72 RKE1HHE
TIHHHIBR R 2N RN DTH D,

¢ [ mesh_parameter Mesh - -
sef type select UNSTRUCTURED_RECT

¢ [ axes[] MeshAxis ar... - -

¢ [ axes[0] MeshAxis

¢ 4 values[] double array - :

4 values[0] double 1.0

4 values[1] double 32.0

4 values[2] double 31.0]

¢ 3 axes[1] MeshAxis - -

¢ d values] double array - .

4 values[0] double 1.0

4 values[1] double 32.0

4 values[2] double 31.0]

¢ axes[2] MeshAxis - -

¢ d values] double array - .

4 values[0] double 1.0

4 values[1] double 3.0

4 values[2] double 2.0

9 ¢ periodic] int array - -
¢ periodic[0] int 0

£ periodic[1] int 0]

¢ periodic[2] int 0

2.3: Elastica : MBI 3. Ay a2 /8T A—XDEH

7. RIZ, YN T X — X E (parameter.physical_parameter[]) 23 &3 %, ANDED XS IZATT S,

| A | i E
NUMBER_OF_COMPONENTS | 2 2 5%
MODULUS_ANISOTROPY .0 Isotropic 1R 1T E AR
MODULUS_ANISOTROPY_1 Isotropic 22 B 1E S AR
BULK_MODULUS (10, 40](BLA1) | 78I 27 BMESRIZES 1 01 10, 55 2 40 1% 40
SHEAR_MODULUS [10,40](Fd5) | & A WrMERIEE 1 o1k 10, 2 2 B4 id 40




12 % 2% Elastica DBERE

8. MEWT, BESRMERAEZEIT D, T aHI () SFE8 (region_condition.condition[]) IZEAFDHED & 5
WCANT 5, BREMEEDLTO XS ICHAEESMA L LTERAT WS,
| % B2 E B |
conditionl | BOUNDARY_VERTEX_YMIN | Displacement | D_-VEC | [-5.0,0.0,0.0]
condition2 | BOUNDARY_VERTEX_YMAX | Displacement | D_-VEC | [+5.0,0.0,0.0]
INGDOFMIE, Yz #EEZR Bl (BOUNDARY _VERTEX_YMAX) % X O EARNC +5.0 247, Y #if

WCEEZER (BOUNDARY _VERTEX_YMIN) & X O & A —5.0 2L, TAMEKE525ZL%
HkLTW3, (D.VEC IZEMIZDWTDT Y 7 LE&MEDER)

[¥Ial—vavEd]

LA FD 3= > KT Elastica 2 Ef73 5,
muffin5e_elastica -I EX03_in.udf -O EX03_ou.udf

[#EROHE]
1. BHEMEHEOH S UDF 7 7 1 V% GOURMET TR &, £F#DL 32— K (No.1) IZHBHE),

2. BT, BIEBROBELREDOH T —a X =%/l L THALD, GOURMET OO 1+ > KUD
“EX03oundf” 2 D ADEREZ YTV I LRy TTw T AZa—05 “show_field” ZE#ENT 5,
K24 DEKDEIIZH T —a VX —=HEI NG, REVEHIPWVE 1 KD, FOPHEWE 2 RS TH

5, L3A—F No.0 DEFEIDENL 7 A0 Y=L HRZ LENFOORD IIHEZ ML, O VWRED
BAODBRKELBATWEI NSNS,

X 2.4: Elastica : Juf#l 3. BWEDENL 7 4B Y- HHI ALV F— (AT -V X —)

3. BEWT, BRERDHEZ ALY —DAT—a VX —%2H L THALS, GOURMET OLMDY 1 >~ K
7D “EX03ouudf” 2T ADERZYTIZ VY I URY TT7 v A =a—206 “show field” % FE1T
U. "FreeEnergy” 5% 8K, M 24 DAKDE S 1ZAT7—a v Z=HiEINnb, L7 +0Y—RHH
o> T, OT AWM T VB Z g5,

2.2.2 HABIO05 : SUSHINSDEIL T # AT —D AN & FEEHEMARNT
[RIREER E]

1. SUSHI ¥ a L— X TEAELEZXA 7Ry 7R v —R (RED 5:15) DYV v X —EDEL T +
0Y—% AN, ¥V U X—HEXZMETTH S,
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2. MR & BN IEFE MR E U, RAGMOHEZ Z#h (2 > X —0Wf) 12 FE 727 5,

3. WL (RaDY ) v X — ks B 57) 12, ZEAMICEE ., XY BAANICIER» W35, BR
X, 5 DO T A — & (HEE % 2R) % (n,l, k,m,u) = (100,20,10,5,5) &35, —H, &2
B (E DM 1&. Z 8GR < XY #lA AW § 5, BERIIZIE. 5 DOk T
A—=R% (n,l,k,m,u) = (20,20,100,5,5) £ 3 5,

4. ZENZEE R EHAE Z OIEBENZSAHZEIE, 2z EEREmMIIEE L, HELKE2EZLEK 2 I a
V=3,

5. ZBOT L HHTALVX -0 T —3 v & — % fifi,

[¥~ 7L UDF 7 7 1 JV]

e SUSHI ®HiJ UDF 7 7 A Jb:
MUFFIN5/sample/muffinbebeta/Elastica/EX05/sushi3_cylinder3D_uot.udf

e AJ1UDF 7 7 A )L: MUFFIN5/sample/muffin5ebeta/Elastica/EX05/EX05_in.udf

e 111 UDF 7 7 - )L: MUFFIN5/sample/muffin5ebeta/Elastica/EX05/EX05_ou.udf

[A71 UDF 7 7 1 JLDYERK]

1. Elastica ® AJJ UDF 7 7 A )L MUFFIN5/sample/muffin5ebeta/Elastica/EX05/EX05_in.udf Z GOURMET
Th <,

2. BT ABUY—DFT—R% EX05_in.udf IZIVN—=FF 2B (BTN T7 74 TIETTIZI Y N=}
¥ #), MUFFIN5/sample/muffinSebeta/Elastica/EX05/EX05_in.udf % i\ 72 GOURMET DD
T4 Y RO “EX05inudf” XV ADHRR TV v I UKRY 77y FAZa—75 “import_fields”
ZIERT D,

3. ¥4 7w kET SUSHI ®H} UDF
MUFFIN5/sample/muffinSebeta/Elastica/EX05/susi3_cylinder3D_uot.udf % “import_udf_filepath”
& UTAJIL, “mportrecordno” iZ1%2 AT 5 (Wifiz), TFA MRV A LETHIZ Y v 2T 5
L. 77 ANVEERTE S, “save_as” 12, #AIE EX05_2_in.udf & AJ1 9% (3 TIZ EXO5_in.udf %
W TWa720),

4. AUN—FPE T ITHIUL EX05_2_in.udf BMERI N, THLHZHEL TW-TH LW, BITFTIE, 5l
Efi & EX05_in.udf #H\W 5,

5. EWT, NI RA—RDBEERLTD . XEDMBEN D DD, YHL T A — X (parameter.physical_parameter|])
Thb, UMFORDESIZANT 2,



14 % 2ZF Elastica DISARE

i fi | sk
NUMBER_OF_COMPONENTS | 2 2 4%
MODULUS_ANISOTROPY .0 Axisymmetric 551 a3 (R R AR AR
MODULUS_ANISOTROPY _1 Axisymmetric 55 2 J a3 (R R A AR
MODULUS_0 100, 20, 10,5, 5] (Bd41) | 265 1 sisr DR

MODULUS_1
MODULUS_AXIS_ 0.0
MODULUS_AXIS_1.0

20,20, 100, 5, 5] (Fd31) | 25 2 Bo DaEsR
0.0,0.0, 1.0] (1) 551 B DR VRN Z filSEAT
0.0,0.0, 1.0](fic41) 55 2 B O H A VERNE Z il SEAT

[
[
[
[

AXISYMMETRIC_MODULUS | [1.0,0.0,0.0, X,Y,Z B2 AT 72 3 TR L T,
_EVALUATION_AXES 0.0, 1.0, 0.0, LiiipSpiiE YL EAD)
0.0,0.0, 1.0] (K1) H T )L F — Z G

6. MEWT, BERRMREEIT S, T (B5) &/FE8 (region_condition.condition[]) IZEAFDED & 5

WCANT 5, BEREMEEZATO & 5 HAEEERMEL LTE TV,

| % EZEE E EXERE |
conditionl | BOUNDARY_VERTEX_ZMIN | Displacement | D_VEC [0.0,0.0,0.0]
condition2 | BOUNDARY_FACE_ZMAX Displacement | N_.LOAD | [0.0,0.0,10.0]
IS DEMIF, Z Nz HEE 2 Bl (BOUNDARY _FACE_ZMAX) 12 Z ®EAANZ 10.0 D& L,
Z Wiz FE 22K (BOUNDARY _VERTEX ZMIN) 2[EE 9 25 Z £ 2 EH L TW5, (N_LOAD (F241
IZDWTD /A < EfEDFEIR)

>

[¥3al—vavEf

A FD 3= KT Elastica #E{773 %,
muffinbe_elastica -I EX05_in.udf -O EX05_ou.udf
HEZITO L, UV VEFOBERER I

====== total free energy : 4956.54

====== strain multiple for K : 82.8955

====== strain multiple for G : 263.137

====== energy term for anisotropic modulus evaluation ===
== axis (1, 0, 0 )

coeff 0 = 165.791
coeff 1 = 5.51128
coeff 2 = -26.5938
coeff 3 = 0.402436
coeff 4 = 318.401
== axis (0, 1, 0 )
coeff 0 = 165.791
coeff 1 = 5.71867
coeff 2 = -26.919
coeff 3 = 0.831829
coeff 4 = 318.401

== axis (0, 0, 1)
coeff 0 = 165.791
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coeff 1 = 294.217
coeff 2 = 219.304
coeff 3 = 28.1567
coeff 4 = 318.401

====== free energy maximum = 2.96863 at ( 0, 15, 0 )
displacement ( 1.26046e-13, -1.25515e-13, 3.17924e-13 )

====== free energy minimum = 0.817829 at ( 6, 7, 0 )
displacement ( 1.17777e-14, 1.76429e-14, 6.33716e-13 )

¢ AXISYMMETRIC_.MODULUS_EVALUATION_AXES /X5 X — X T5 27/, HHZ AV F—Fflio R
FHEO&E 2 IZo0WT, HHZALF—OREIPIHEhEINE, ThsOEIZHE I UDF 7 7 1 v oduz s i#;
INTWS, HMlIFHERFEON (1.14) 2 2,

[ R )
1. #EHEEOH S UDF 7 7 1 V% GOURMET TR &, ZH#%0L 32— K (No.l) IKBH),

2. BTk, ERBOUBED RGO T -2V X —%2fE L THALS, GOURMET OLFOY + > KU D
“EX05.ouudf” 22XV ADERZ LTI URY TT7 Y FTAZa—»15 “show_field” ZEIRT 2,
K25 DEMDESIZH T —a v R—mEI NS, REPEHE 1KY, GEIPE2RITHD, La—
R No.0 DZEFHIDENL 7 A0y —LhRB L 550k D H RIS TEE G IR ZERD VIR D >
VY=< 0, Blo8R D FINCEPWEH OB T FREARD LD HE[ D A TnwsZ &
D5, HOESIEE >R AHAIIZKE S OTAMUEAMA TS,

4 2.5: Elastica : Jaf#l 5. ZREDENL T+ B Y —HEIZ ALY — (HTF—a VX —)

3. VT, BIWBOHATANF—DAN T -V X—%2HiliLTHE >, GOURMET OLEMDOY 1> K
7D “EX02ouudf’ 22X VADLERRX LTIV I LRy T v T AZa—05 “show field” % EfT
U. "FreeEnergy” %% #INT 5, M 25 OAMDOLSITAT—a v X=2EI N5, EEHILLL T,
Bl o iR DT U THWRERSICKEROT AP T0E I LR nh b,



% 2 E Elastica DR E

Values
VolumeFraction| v
INNER_VERTEX | »
0
0
XX 4
1[0.5]
on v

is... |FreeEnergy v

2.6: Elastica : )& 5. Z2£ORE LOHHT XL ¥ —

4. ZWHOREH LOHHZ AL —DOH T —a v X —2HiET 512X 2.6 DL 5129 5, isosurface D

cap % off IZTNIX, BRROREIRZ FHETE 5,



$£3Z Elastica) 77L VX

BUE, BRI TOEDTH 5,

=

3.1 Elastica DFIBRBERIZD—&

ERd B T e
Displacement BRI u
FreeEnergy HHIZALVF— (BEAZRLF—) 5 f
VolumeFraction | A&7 HE G ¢,
Stress ST VIV o

VILINIRTG A—%

=

3.2 ElasticaDATINTA—4—F

| 85 A—2 D4

N A — R DE & BlEwiE T DR

CONVERGENCE_CRITERION_FOR_CG_1

CQET—RABEREML & EDIUCRHESME, T
FERTIMNVD ) IVLNZOMEMTTH S & UK
EART, T 7 AN MEIZ0.5 % 1076,

CONVERGENCE_CRITERION_FOR_CG_2

CGIETIRARRAZMEL L EDE S — DD
M, T AN MEIZO, RFNVTAIEICEBE
PR ZBEH L TWAEIEEITIZ 0z LTHEL
RETH 5,

MATRIX_SOLVER

MwaEy -~ RGEXDTH Y VN %
“ICCG™. "CG” X v EIR, 7 74 b fEIE
LLICCGUO

PENALTY NUMBER_FOR_DIRICHLET_BC

FY I VEMEREET OV IV Z S
RPNVNT 4 =8 (FEFICREVE), 774V Mi
1% 1013,

ELEMENTS_PER_MATRIX_ MERGE

ZAEHED D~ M) v 7 A ([iE< Vv 7 X)
DFtHAE%Z Z ZTHRELVZEREZBLAE LTIT. T
7 AV ME 5000, ZOBUEZ/NSLSTHET MY
I AGHRDAEY ZHIJET E 503, BRI
RKELBRBHAREMEDLDH B,

17
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#3E Elastica)77L V2

YEB/INS X —%

|

INT A — R DEHI

INT A — R D E PR T D5

NUMBER_OF_COMPONENTS

AVERAGED_VOLUME_FRACTION

R D —ITRE LTV A5G DS ORI R,
B S EAY 0, A 1,... & A BRI TE X 5.

GRAVITY X X 5 700 7 7 5
GRAVITY_Y Y 5 0D 7 A
GRAVITY_Z 7, ili 753 1] 0D B 7 Nk
GRAVITY SR /5170 7 N & B C 5% B, ex.) [ X Hi1A

DESINERE, Y SSEIOEIMERE, Z S518 D EHIJHLEE ]

MASS_DENSITY

BRI DB R L TEENGEOEBEL,

AXISYMMETRIC_MODULUS
_EVALUATION_AXES

ER DD 3 IRITITFEIN 2 F b,

REREZ IO DAY NV 2L S S HFRIES T
LRI U EDOVIM I NI IEE SN T X — R &G
BEB7-0DT—XANEHRIND (REATZRLF —&GHH
T % & SITHRE Dy, ([T B EAD 2 IKIEA),

MODULUS_ANISOTROPY _a

a BHOH S OHMERDOIEE [ EEZBET 5, XF4
"Tsotropic” (S5 /A5MEIR) £ 72 1% 7 Axisymmetric” (Bl R
FHEHHIER) OWTIDZ2IEET D, a KAITHLTID
NI A—=ZDPREI NG E, £ O IEE R
Rzaxnd,

BULK_MODULUS

LR T DS DNV o R E | JREE S AT 0,
R 1,... LD B TE X %,

SHEAR_MODULUS

FTHMART ORI OEAWHMERE, SLiED ST 0,
3 1,... LD BDBHITE R B,

MODULUS_«

a FHHDOE S DR,

EFFHMER Y DG 2 MOMEE NV 7 ERE LU A
Wr iR DN clddl & LTE R 5,

T FRIESE /MR DG, 5 DOBMERANT A —& (n, I,
k, m, p) ZEFITEHZ 5%,

MODULUS_AXIS_a_i

B9 o DIEE VRS D56, F OIEESMED BN 2
MDD XY, Z %525, i X0 Sk E BT,
R MV E L REETILEVRDZIGEEIZi =005
i=n—1FXTONTRA=RERET S, BURTIZHFRIE
LFHMEDPDATE—FLTWVWBDTi=0DADPIEET
ERAN
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3.3 Elastica ORI RAEA A4S, (B5) £HD—

| i E S |

D_VEC HE S N FROH BN A N VR B (EEEMEME)., 7 — X R~
2 MVD XY, ZERE LTE RS,

D_VX BRI NI EROHI MEMRT PV X 7% EQE ([

D.VY BEINMAERDOH R ELRT VY i % (ﬁfu*ﬁﬁ)o

D.VZ RSN AENN Y ML Z 5 & 2 (FEZh %),

N_LOAD eI NI EIROH M DHENR Y MLV EE i?“é (EEMERM), T— &I
FENRZ MV XY, Z B3 LTEX S,

3.4 Elastica®DiZzdDAvY Y R—&

Displacement : £ A<~ K—

’ Displacement ‘ E2Yii)

AL "INITIALIZE:TO_ZERO”

HREFAT 6 ?SOLVE:LINEAR_ELASTICITY:ISOTROPIC”
FREFHT 6 ?SOLVE:LINEAR_ELASTICITY:ANISOTROPIC”
FREFAT 6 "MOVE:POSITION_OF_VERTEX”

fig e "OUTPUT:AVS”

FEA RE £ "EVALUATE:TRUE”

1. Displacement fI{i{ta< > K Fif

E2yii

”INITIALIZE:TO_ZERO”

FRE

TARTOHIRTOMEE 0 (ZHH{LT 5

2. Displacement FFEIFR I~ > N FFif
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#3E Elastica)77L V2

£y

”SOLVE:LINEAR_ELASTICITY:ISOTROPIC”

aE

SRR DAL % KRS 2

HEL TV
HWEL TV

Displacement

VolumeFraction

HA7/85 A —%& | NUMBER_OF_COMPONENTS

#1785 A —%& | CONVERGENCE_CRITERION_FOR_CG_1
Hef7/85 A —2& | CONVERGENCE_CRITERION_FOR_CG_2
W17/ A — & | DIMENSION_OF_SPACE

HeAF/85 A —% | MATRIX_SOLVER

HA7/85 A —%& | ELEMENTS_PER_.MATRIX_MERGE
WAFINT A —& | GRAVITY

HeAF/8F A —& | GRAVITY_X

HWAF/8F A —& | GRAVITY.Y

HA7/85 A =& | GRAVITY_Z

HeA7/85 A —%& | MASS_DENSITY

HA7/85 A —% | PENALTY_NUMBER_FOR_DIRICHLET_BC
Hef7/85 A —% | MODULUS_ANISOTROPY _«

HA7/85 A —% | BULK_.MODULUS

1785 A —& | SHEAR_MODULUS

HeA7/85 A —%& | MODULUS_«

Hef7/85 A —2& | MODULUS_AXIS_ov_i

ey »SOLVE:LINEAR_ELASTICITY:ANISOTROPIC”

FRE

FESE SIRIE AR DAL & K3 B

HIFL T W55
HZELT W55

Displacement

VolumeFraction

1785 A —& | NUMBER_OF_COMPONENTS

HeA7/85 A —% | CONVERGENCE_CRITERION_FOR_CG_1
HAF/85 A —%& | CONVERGENCE_CRITERION_FOR_CG_2
HA7/35 A — % | DIMENSION_OF_SPACE

He1F/8 5 A —& | MATRIX_SOLVER

HA7/85 A — % | ELEMENTS_PER_.MATRIX_MERGE
HWAF/85 A —%& | GRAVITY

WAFN T A—& | GRAVITY X

Hef7/85 A —& | GRAVITY.Y

HAz/8N5 A —%& | GRAVITY_Z

WAz 5 A —%& | MASS_DENSITY

He17/8F A —2& | PENALTY_NUMBER_FOR_DIRICHLET_BC
HeA7785 A —% | MODULUS_ANISOTROPY _a

HeA7/85 A —% | BULK_.MODULUS

HeA7/85 A —% | SHEAR_.MODULUS

HeA7/85 A —% | MODULUS_«

HeA7785 A —% | MODULUS_AXIS_a_i

£/ | ”"MOVE:POSITION_OF _VERTEX”

Ay Y a DHi R R 2 2B %
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3. Displacement i< > N Fif

E2y i) ?OUTPUT:AVS”

fiaE AVS X THDOT— 2 %2135

HAF L T3 | Displacement

HAF/ N5 A — & | DIMENSION_OF_SPACE

4. Displacement Hfid~ > K Fif

#4# | ’EVALUATE: TRUE”

PREE | W B 2R R B R

FreeEnergy : BEHI R/ F— (BAIRILF—)iF a7V R—E

’ FreeEnergy ‘ AN

e R "SOLVE:LINEAR_ELASTICITY”

e "OUTPUT:AVS”

ELR(TESE "EVALUATE:TRUE”

1. FreeEnergy RFEIFERE I~ > N i

BN »SOLVE:LINEAR _ELASTICITY”

fieE EBALINF 52T 5,

HAF L T4 | Displacement
HKIFE L TWBE | VolumeFraction

HeA7/85 A —% | NUMBER_OF_COMPONENTS

HAg/85 A —% | AXISYMMETRIC_.MODULUS_EVALUATION_AXES
Hif7/85 A —%& | MODULUS_ANISOTROPY _«

HeA7/85 A —% | BULK.MODULUS

WAF/8 5 A—& | SHEAR.MODULUS

HAg/85 A —% | MODULUS_«

HA7/85 A —X | MODULUS_AXIS_ov_i

2. FreeEnergy i3~ N Fifl

%4 | POUTPUT:AVS”

e | AVSIEARTHOTFT—22HNT5

3. FreeEnergy sHMfid~ > R ¥l

ZFr | "EVALUATE: TRUE”

fieE | WICEMZRIHiia~ >R

VolumeFraction : (Aff&0 X O<v Y KR—F
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’ VolumeFraction | &Fr

HIHAL "INITIALIZE:ONE_.COMPONENT”
ML "INITIALIZE:TWO_COMPONENT”
L "INITIALIZE:UNIFORM”

fig i ?"OUTPUT:AVS”

FFA BE L "EVALUATE:TRUE”

1. VolumeFraction #)H3{t ¥4

# »INITIALIZE:ONE_COMPONENT”
aE 1 DIERAD G (o = 1) Z WK T 5

| #t7/35 A—% | NUMBER.OF_COMPONENTS |
# »INITIALIZE:TWO_COMPONENT”
He 2 15 DARFU R B 2 IR T B (11 = 1 — o)

| #f7/$5 A =% | NUMBER.OF_COMPONENTS |
#F »INITIALIZE:UNIFORM”
FRE R 138 — (IR A U T2 KR 85 & WA KT %

K1Z/85 A —& | NUMBER_.OF_.COMPONENTS
KAF/NF A —& | AVERAGED_VOLUME_FRACTION

2. VolumeFraction ST~ > K %M

Z¥F | POUTPUT:AVS”
e | AVSTERTHOT—2%2HHT 5

3. VolumeFraction i~ > K FEiH

£ | "EVALUATE: TRUE”
BeEE | HICEMEZRTIMa~ > R

Stress : IZ AT VLG OAv Y K—&

’ Stress ‘ AN
%2 | "SOLVE:STRESS”
JEAMREE | "EVALUATE: TRUE”

1. Stress BfEIFE I~ > N 554
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ey »SOLVE:STRESS”

B ShTF YIS EEET S,
HK1FE L TWBE | Displacement

7L TWBY | VolumeFraction

HA7/85 A —% | NUMBER_OF_COMPONENTS
HeAF/85 A —%& | AXISYMMETRIC_.MODULUS_EVALUATION_AXES
W8 F A —& | MODULUS_ANISOTROPY _a
WtE/85 A —4& | BULK.MODULUS

HA7/85 A —% | SHEAR_.MODULUS

AZENT A —% | MODULUS_«

WAE/8F A —& | MODULUS_AXIS_a_i

2. Stress FEflia~ >~ K FEiA

£ | "EVALUATE: TRUE”

feE | WICEMZRIHa~ > R
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1) L.D.Landau, and E.M.Lifshitz, eds.: Theory of Elasticity - 3rd Edition, Butterworth-Heinemann (1986).

9) KJIITEkE, HHA  FRERE (FHIA% L CAE ¥ ) — 2 1), BUEAE (1991).



