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Takashi Suzuki and Takuya Tsuchiya (2011)

Japan J. Indust. Appl. Math. (2011) 28:327-350 ¥
DOI 10.1007/513160-011-0044-y

ORIGINAL PAPER Area 2
y

Weak formulation of Hadamard variation applied
to the filtration problem

Takashi Suzuki - Takuya Tsuchiya
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filtration problem. For the iterative scheme, we adopt the traction method proposed
by Azegami (see [4,12] and the references therein) for optimal shape design. We have d
found that the presented method shows a good performance for numerical computation
of the free boundary problem.

Fig. 1 The configuration of the dam

2: Japan Journal of Industrial and Applied Mathematics [1]
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1.3 {1 HRE

o BN KA FESINWITERT JEREW 7=
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(A D )% /85 Yuan-Cheng Fung, 1970 [3]
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1.4 FPIRREL & DHEL

o BEHARL AR O BTl i < i 2 % Brlfie
Yuan-Cheng Fung, #00 W3 [£&F R TLICETEHE]
HABE IR #2358, 1988 [6]

o ERUVT HEDRE
e F TR R OREEA 2 W 72 TRIR GBI LR % FRSEPEA D B
) BB A 2am s EE, 1988 [7]
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Mechanics Applied to Living Systems

Yuan-Cheng Fung*, # 1 &5 %=**

Yasuyuki  SEGUCHI

Key Words: Mechanics, Biomechanics, Constitutive Equation, Nonlinearity,
Living System, Growth, Atrophy, Residual Stress
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Fung 38 E @ [HRE{EEN | DR (Theory of Optimal Operation) Z#H2%E
L7. ..
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2 u:Q—R(QCRYde{2,3))
WPOFH E(w) = {Vu +(Va’)T}
JoJ1 S (u)=CE (u)
POIEHYERTE  Find w e U = {u € H! (Q ]Rd) | w4 = Oga on FD} such that
(B —VIS( ) =b"inQand S(u)v =pyon I'y.

(5910 /S dx—/b-vdx—l—/ py-vdy YveU
'y

SWE df (@) = ' (@) [da] = agw(f)dw _ %f) -
Wtor  fo (x,y) [de]
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B ZERDORELIE

WE? (Q;RY) &k BEBST €T p IR 2B Q — R Dy (Sobolev ZEf)
p=2DLZX, WO’Q(Q;Rd):LQ(Q;Rd),
Wh? (;R?) = H* ((;RY)
p=oo D& E, WO (Q;Rd) = L™ (Q;Rd)
H* (Q;RY)  WRIAE#H I N5 = Hilbert ZE DR Z DO
H* (;RY) DI
(V) (aze) = | {0+ (VaT) - (Vo7)} do
L= (Q;RY)  FRDonfs BB O %S
Wtee (Q;R?)  Lipschitz it = BO %A (= CO (4 R))
C% (4 R?Y) o€ (0,1] 12 LT, Holder ik 7z B Dty
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BRUOY HEDRE

BREDEKE] (Duhamel-Newmann HI) 10 0
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0 0 1
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e H. Azegami (Japan), 1988 [7]
e Myung W. Suh et al. (Michigan U. & Ford, USA), 1989 [8]
Chung M. Suh (GM, Isuzu)

e C. Matteck and S. Burkhardt (Germany), 1990 [9]
H.P. Mlejnek et al., 1990
J. Sauter, 1991
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Myung W. Suh et al. (1989)

Application of Geometric Strain Method to Shape
Optimization of Spring Retainer Redesign

Myung W. Sub*, William J. Anderson* and James P.
McDonald**

*Department of Aerospace Engineering, The University of
Michigan, Ann Arbor, Michigan, USA

** Ford Motor Company, Dearborn, Michigan, USA

ABSTRACT

The shape of a spring retainer in the valve train of an engine is redesigned
by the geometric strain method which has been developed by Suh and Anderson
[1]. The failure criterion (constraint) is fatigue stress. The objective is minimum
weight. Fast and stable convergence is shown and several possible designs are
obtained.

17: Computer Aided Optimization Design

by C. A. Brebbia and S. Hernandez [8]
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C. Matteck and S. Burkhardt (1990)

Int J Fatigue 12 No 3 (1990) pp 185-190

A new method of structural shape
optimization based on biological
growth

C. Mattheck and S. Burkhardt

A new method has been developed which allows the reduction of localized notch
stre: s in (2D) and three (3D) elastic structures in a
very effective way, with only a commercial finite-element code (the authors used
ABAQUS) required. The method simulates on a computer the mechanism of tree
growth copying the self-optimization of living trees which always try to grow into a
shape of constant surface stress. The success and efficiency of the method is
demonstrated by 20 and 3D examples.

Key words: elastic structures; notches; biological structures; self-optimized shapes
finite-element code

18: International Journal of Fatigue, 1990 [9]
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1.5 ENARAE (HiEDERE)

w7 AELODT F 3L R

e NATO Advanced Study Institute (lowa City, 1980) D&=i##x % [ X.
Nick V. Banichuk [10], Jean Cea[11, 12], Jean-Paul Zolésio[13, 14] IC %A

b By ‘,

20: IV HVRFETHS - 72 EFE[10] & Sk
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Jean Cea (1981)

NUMERICAL METHODS OF SHAPE OPTIMAL DESIGH

Jean Cea

Départenent de ‘Mathénatiques, Université de Nice
06034 Nice Cedex, France

ABSTRACT

s poper presents minerical methods for shape optins]
des(gn and applications to problens of engincering and appied
science.  Methods presented include gradient methods, fixed point
methods, Green function methods, and duality methods. It is
shown that derivative formulas derived in conpanion papers can be
used directly to obtain expressions needed to implement these
optinization methods for solution of concrete problems of shape
optimal design.

1. THE (CONTINUOUS) GRADIENT METHOD

1.1 The Hilbertian Case

Let V be a real Hilbert space and J : V + R the cost
function.  One seeks u*e V such that

() £ I(v), for all veV

Suppose fv;sn that \:here are no constraints. The idea is to
approach u’ ne parameter family u(t), t 2 0, where u(t) is

the solutwn uf the ordinary differential equation
i(t) = v(um,t)}

1.1
u(0) = ug given o

In order to find the good choice for v, put
3(t) = u(t))

and take the derivative we get

36 = 5, aute)), WHN - g, > (1.2)
where <, >y is the scalar product in V, v, is the velocity at
the time ¢ (vi(u) = v(y,t)), and Gy is the gradient of J. let

B(t) be a uniformly bounded and coercive operator defined on V.
One can introduce 1t with a family of bilinear forms b(t,4,v) that
satisfy

b(t,,0) 2 ] [6]12, for all gV, a> 0

[5(ts60w) | s M [[ol] + [[¥[], for all ¢ and yeV, M >0
The form b is related to the operator B by the condition

(B(£)62u)y = b(t,4,%), For all 4 and y<V

If one chooses vy eV as the solution of

b(t,vi,9) = - <G'-"’>v’ for all yeV (1.3)

(or vy is the solution of B(t)v, = -G,), one gets from Eq. 1.3,
with y = v, and Eq. 1.2,

38 = (Bpvg)y= - blEwvgvy) 5 - w [lvg1

Hence with this choice of vy, j decreases.  Furthermore,

B 21: Proceedings of the Advanced Study Institute Programme, Optimization of
Distributed Parameter Structures, edited by Edward. J. Haug and Jean Cea[12]
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ARSI 1 HeBil U 7 55400 CRdBiiidg & OE U 7 ik 2 37 5,

r
(a) BUBHPERE  (b) TBIRLIERE (o) BUBHERE  (b) IBIREIERME
B 23: Jjik (Dirichlet B) , HAKS ¥ 24: Robin #Jji%, International
Zyam 3, 1994 [15] Journal of Computational Methods, 2006
[16]
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Ef (EAHAED)

717513 Hilbert ZEOE %2 b DBEZER X E0OQEETDH 5.

(b) BJHCE
B 26: ko4 XA -2
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36/91



2.1 HEDRE

WlE, NED X I BT AT 4 THRERI N TR IR Z 7.

e Olivier Pironneau, Optimal Shape Design for Elliptic Systems, 1984 [17]

e Jan Sokolowski, Jean-Paul Zolésio, Introduction to Shape Optimization:
Shape Sensitivity Analysis, 1991 [18]

27: JwlE R I B ARL o 7o A
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BRLRLENDD, NEDTATA TR 2RET 5L e E .
o FEERBELRIBED—MEE, HABMR: S CHE, 1994 [15]

1. BRHERTEDRFICN L CTIRBEHERE (Lagrange F’HiE) 2w TE
REJBEE KD 5.

2. ZDIGIRAEL % H» T Hilbert ZRE EDAELE (Jean Cea 1981[12]) %
BT, ke s,
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PEF R RS

HHEIR> & a2 v 77 4 7 v 2 MERE
glei)l(l{fo (,u) | fi(e) <0, ue UIIHIBHIEREDME }

fo(dLU)=/Q(¢)b-udx+/F pxoudy, fi(é /Q dx—/ dz

p0

fo @ Lagrange BEA#

2 (d)a u, 'UO) = fo (¢v U’) +| L5 (¢7 u, UO)

cfs((b,u,vo):/Q(¢)(—S(u)-E(vo)—f—b-vo)dx—i—/ PN - v dy
r

p0

vy € U \3BEHEZEE (Lagrange T
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fo WSS 2N EL 1T RDBESEMZ VI,
Ly (¢, u,v9) [, 1, Do)
— [ Zow (&r000) 7] BEELPIEE |
+ Zou (@ u, ) [d] (=0 <« | Z(P,v,a)=0VacU]
+ Low, (@, u,v0) [B0] (=0 < | L (d,u,0) =0 Voo € UJ)
= (90, ) = fo(¢)[¢] («<=|Sokolowski and Zolésio 1991 [18] |)

:/ (=S (u) - E(u)+2b-uw)v-pdy V(p,a,v) € X xUxU.
0Q(¢)

gﬁ,

] - ) - v - d . ~

£1.(8) le] = (a1, ) /8 LEed R
oL g% fo & fL I aRAEE X5 \Z fi(e) EdhK.
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BfciED[FHE

X=R'DLZ%, f:X —R D Taylor EH
fi(ox+ @) = fi(dr) +gi-p+o(lely)
L EgE
Poi- (Ap)=—gi-p YpeX| = ¢,=-A"g,
L, ARARTIEWNTIE TS, Thbb, A=AT,
30, 8>0: ¢ (Ap) > all@lga, I (AP)| < Bllellx [¥llx Yo, € X
o \E [ RBYERD,

fi(Dr + epgi) = fi (1) = —eqi - (Apgs) +0(€) < —eallggll +o(e).
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BE#ZER LD fdiE

X =H'(D;RY) @& %, f: X —R O Taylor JH

fi(@r + @) = fi(Pr) + (g1 ) + o (ellx)
Lyficik
ax (@gi, ) = —(gi, %) Vip € X| <= Jean Cea 1981[12]
772l ax: X x X — RIZEERIGIEENFR L 35, $hbb,

Ja, B> 0:ax (p,¢) > alely, lax (e, %) < Bllelx 1¥llx Vo, € X
Cgi 13 fi BBV XL 3.

Fi (@r + €@gi) — fi (Pr) = —eax (@gi, Pgi) + 0(€) < —ea|l@gillx + 0 (e).
ax (-, ) ZAVEHMERESIERO L L B\ & EhiEICk S,
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2.2 BRERELOHEWL

SIHSCHESEE & B —BRe A2 O SRR (4l EAVEE R i L
TWz72nw7z (1995).

1. Sobolev DB EE
2. /MR FUERE O B3 5 —BTFE & A
3. IBRAECICBI ST 2 IERIEDTRE (A Hif)
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H. Azegami, S. Kaizu, M. Shimoda and E. Katamine (1997)

TERBR R Z FiRb T 5HEEZ b BB ZER LD DEGETDH 5.

e Irregularity of shape optimization problems and an improvement
technique, Computer Aided Optimization Design of Structures V, edited by
S. Hernandez and C. A. Brebbia, 1997 [19]

\ - TR A
[T > TR TN
—> ] M Il H

(a) Boundary conditions  (b) Direct gradient method (c) Traction method

28: Results for external work minimization problem of plane stress plate.
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52 - BEE (2006)

MRS IREICBIT A EE LTOESEZ R L CoizZ v,
o FBEMIKFEIRE & RIS O WT, HAICHEPE A2 CEE, 2006 [20]

1. AP OES 2 A Rl BB O EATER T 3.
— a7 } (Ascoli-Arzela DEIE)

2. JBIRMIr % Gateaux 9 & L TERKT S
J(ep) = 7(0) + 6/ ' gy (u)dz + € / g(u)p - vdS |+ o(e)
590

00
3. Nikofifid —BEICHET % (Lax—Milgram OEE) .

4. Z OfRIZFHIEBIE 2 WY ¢ 5 (DEEDRIE) .

5. Z DD HHIZ 0750 O RSO T CTHBREBOESICAS.
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2.3 HIRIEAKEDT F /M4 R

HERAEAEICRED DT LICT FAL R BV 0.
o & I —ToaGEEIE (1996, 2008)
o RIMS Workshop—$X{ififi#i ic 51 % Bl + T4 - JoH (2008)

e NIMS Conference and the Third China-Japan-Korea Joint Conference on
Numerical Mathematics (2010)

JEIRIT X Fréchet #9& L CTER L2 X,
= g; ZANZEM X' (X LoGRBEIBEEEEROES) 0BT LR T,

(@) el =G @) xivx: |Gi€X | (G -): X LOFRBIGILBIEL
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HEEDERE (Fréchet %)

ax (-, -) i Hilbert ZEf X = H' (D;R?) EOWRE (-, )y PLIBDD
Find 4 € X such that (@4, )« = = (g, %) v v VP EX

Riesz DRIFTIE
g EX ITNLT, 5 ¢, € X H—EIIHETS.

— kiR, X' 20 X ~NEfZRD Bk oTn5,
v

H' (D;RY) @A R BIROEA LR DT, ¢, 5 X OWRETH 57210 TH
L Wiz o < g,
— ST B 72D I I M BED ? (2 DFHDORIRICE R D)
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BIECIE DA FRIAER

29: LIBC g; D B 30: AJhcik
1
o) =i {0 = 0x (09) + (3,0 + (1) | = 2 RIHOR B
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FREHHSDEFEYAV T FA TV ARIMEDA X =

(a) fo Gt (b) f1 Bk (d) S/ &
31: RIS a Yy 754 7 v AE/MED A A=Y
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2.4 NiEDT AT 1 7 2 UBREIL IS

X =H'(R) &BFIXHERGAHBELREIC S ISHTE % (H. Azegami,
S. Kaizu and K. Takeuchi 2011 [21]).
v

H' BI%czEm] Lok H AfgiEe KA itk

1. JEAR i (L

— REEBHE 4 Hilk = hik
2. FIEMIB A WAL e

— BEZXHE H' Wldik

32: HEERV A row Lkl
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SIMP BY$EHZ5H 4 RRE

¢(|C]| ¢

el - s
0 ¢ L | 1 L 9

L
0 1 -6 -4 -2 0 2 4 6

(a) #1E 6 LWHE 6°C|| (SIMP E50L)  (b) #I 6(9) = 5 tanh 0 + -

33: SIMP (solid isotropic material with penalization) &7 /L & 3%G125 4K 0

§eX=H (D;R) Findue U suchthat —V' ( )8 (u)) —b7(0) in D
¢ (0)S (u) v = px on I'y.
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FEHNN ST T 747 ARIMLRERE

7 0) 9] = /D (26w — ag™ ¢S (w) - B (w)}0 du = (00, 8) V0 € X,

:/ﬂ’ﬁdxz(m,ﬁ) Vi e X
D

BEZTHY 0 Dk
ax (-, ) % X = H' (D;R) Lo&EEKN

PRI FE L 3 5.
Find ¥,; € X such that (a) BUBHPERE (b)) % EAS By
ax (Vgi, V) = — (9,0) Vo € X. 34: HPEELEHR H H)EE
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2.5 KFEZRE L ANEAREE DHEWL

7 —2 ¥ ay 7 (2007) IS S TLLK, REBEEICH T 3 IARBDOHS I
B 28tz BATW 2w,

o —fiRlk J BADIRE L TRNF - L DBIR (Ohtsuka 1981 [22])

o L J FEr 3R A DKM (Ohtsuka 1985 [23])

o Lipschitz ERABHAB K~ DIL & = 4 L ¥ — iK% Fréchet #%
LLTRZ S (Kimura 2008 [24])

FIE M ONBBIE IR 22D, Fga v 7747 v ZDIRMIT

@)= (000 = [ (oo Ve + 00V - ¢) o

Q(p)
Goo =28 (u) (Vu')', goo=—S(u) E(u)+2b-u.
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RS & IR RS

u u
’ i ‘/\ S (et ) w(P)lel(@) -~ B 7 = Ll +9)
7 : P ) @llE) o)
' ‘ | Vu)(es) 0@ / Vi) (@) ¢()
T z=z+p) - T z=x+ () R
L) Ao+ )

(a) B u (o) DRSS v (9) [#] (b) BA%L w (¢p) DFARIREWS v* (d) [
35: FHIRAT L L b ICETT 5B u(9)

— AL J B TIZBBORIRMS o (P) [¢] DI T,
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2.6 2 RS

I RO N X2 e, 2RI b RE Y 2 572,
v

Py o EGHHN 2 Bl U T AR Z &7z, FreeFEM IC X B3R TZ N D L 0HEE
B Oz,
= MIX7F A+ (WL 2016[25)) ikl 7=,

v

WXTFAOHmHEH O “Jacques Simon 1989 [26] ZitA7Z0 7 L DR
Wiz,
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Jacques Simon (1989)

International Series of 361
Numerical Mathematics, Vol. 91
© 1989 Birkhiuser Verlag Basel

Second variations for domain optimization problems

Jacques Simon

Departement de Mathématiques Appliquées
Université Blaise Pascal

Thus, since J'( + tu;-) is linear and wo (J + tu)™! = w — tu - Vw + oft),
2 1 1
D*j(0;u,w) = lim - (J'(Q+ tuswo (I +tu)™") = J'(Q;w))

= lim (J(Q w) — J(Qw)

| + J'(Q+ w, Ly wo (I 4 tu)™! —w))

=G u,w) + (@ —u - V)

36: Second variations for domain optimization problems, International Series of

Numerical Mathematics, Vol. 91 [26]
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2.7 RREREDFE

J. Haslinger and R. A. E. Makinen, Introduction to Shape Optimization: Theory,
Approximation, and Computation, SIAM, 2003 [28, Section 2.3, Section 2.4]
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H. Azegami and S. Ono and K. Takeuchi and T. Kikuchi and Y. Michiwaki and
K. Hanyuu and T. Kamiya, ldentification of muscle activity in tongue
motion during swallowing through medical image data, Journal of
Biomechanical Science and Engineering, 2022 [29]
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