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hole side length dimension of microcell
homogenization model

elastic modulus

number of finite elements

body forces

tractions

constitutive matrix

homogenized constitutive matrix

constitutive matrix for homogeneous solid
strain

move limit

damping factor

orientation of microscale perforations
homogenization

lagrangian multiplier

starting lagrange multiplier in bisection method
Poisson's ratio

total potential energy

density

density of homogeneous solid
stress component

strain energy density
descrete function

domain of problem

solid domain

in

n



_M,_AH wm m = = 15}
53 u_Muo ﬁo.v (2 - m m.c g N
X 5t SI 2 m 5 — ,Ax_ ;‘Io,ﬂ
TK T+ £ J) o] %o %) m W — Mo
S = % o 2 % = . N R W N ~ o R~
w W = TP 2 E ) REW 5™ Mo =
ywmoﬁ_@ﬂmm@ﬂ o - o il TR
N s F A ﬂmﬂ%wgﬂz s B B
. q,%ﬂﬁ_,ﬂ £ Lﬁ%egﬂ o T 0o &
ﬁwa%zﬁ T T % ﬂﬂéhso%ﬂ e o oA ™
0 m 1J EO ~ ZE _— XO farin o o) Eg ~ —_
Jl o 1M N AN o ! Oﬁ JL| X ;ou_
.8 oK B oNF o N o N = N arom m 9 ]
™ ox iy ~o 0 o N g & -
o 2 > 2 X0 = e 7o 9 L 9% W W °
uoﬂrr;fovw @ﬂ$1 ﬂﬂ%ﬂﬂ_o ur«}wogﬂ .
;@%Luﬂaolmmr - N ma_saoa;eﬁ
éy_g_%uﬂqs% mq%eurmﬂ o ﬂo%aomoﬂo_
ﬂﬂ%%éwm B g o uﬂ@]@ﬂd& =y o = B
= mo X x® o A w5 5 _ o i o) W ORT AT o el ) o =
" EXRCENY = %ﬁﬂi@ﬁamﬁr ix@}ﬂﬁma
ﬂmow;d. o_u_foilﬁ vl urmoLH » o__:uzxoﬂlnn
T AR RS S pa g
;OO = o _ﬁ - O_ o = N _ﬂx_u” o E .Hl mmH N dl
3° i 1% &= ’ el o X (m\ U_uﬁ ° MH__H N o! o i 0 o T o . oy
rﬂt]ﬂo]m_%ﬂ ﬂﬁ_s%,& B ﬂﬂz%ﬂ@
aﬂxﬁm,ﬂ@?z,m@o 7o %W.%%o @@i%@r%ﬂ
%ﬁp}moLu, W ao%ﬁdquoﬁ% L i)
ey g o Bimy o~ = =y P — _ g8 oo
o o8 oy O DN iy o — X % N oo do =
O I w 0| e my ofi = X ~ XK o <l
| ol - U~ o X0 i Tl o ﬂAl ol m_.oL o olo T 3
i S = < oy ~ N N N ol O o 70 T T W
ﬁ.ﬂb ® W%%M Otwm%iﬂﬂu %Mﬂﬂm_ﬂmu@
— 0 .Ao m INe 12_.~| s O \_LI — ‘w ) — ‘ —
%%.m%%ﬁ%l%} %mmsﬂéﬂﬂ oo LN
mﬂﬁrm;umﬂ){_aﬁ m.m_ﬂ%@%zla@r @%%E%ﬂ%
2o S TEelsd qm.u;ifﬂz% %ﬂ_owﬂW%
o) T gt ,\m)ﬂ 0 =T [ g 5 M- ) 11 o X8 jeal i & o R ,_.% ol
o " g S £ £ E B 5 e ol B o =T
X & H g W ® © E o oo 2 ™ To Y o =
o 90 s 5 2 S . X ~ oo N
L m 3 - 2 9 o H o o] o oo
0 (Qu\ = o v&l > O_ w0 — ,‘H_Tm ‘w;L i file)
E 2= SxoH T T oo W o B
2T LT T 0 o ﬂ.ﬁ —_ ﬁo I
= T H T RO K N = 2
il % KO KO ,ﬁ 0
= o iy
o W

o] 7|AH 2
2 skl (91783 4 5}
hl 7]



19043 A. G. M Michell[3]°]
£ #Asty] fgh 734 ol &
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A 3} 7] (homogenization method)S 7]Z% = 1985\
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1) ol&4 w7

(1) #2371 (homogenization method)

WAFZE 2t SFARe ddstd A5 S dES FEe
A= olE93 HofoA 50U FEH EAHoR AFH Y. o]%F Hashin
¥} Shtrikmanl[6]> PlAlFZ oA AA7F Aoz wixE Eg A5

Ao 2lo] FHA 91X YA (principel of minimum potential energy)
o] &3t L, 70 d e EoA EZ&2 Lions[7]e] 4 Z&Fo] o]# sk

T ool dAIIMelgtE WAS AMEET. oA FeAte &
Sstatgdd o T5d dAsIES _7_7]7@0; LSRN B e
Ji= TEEY SVHIRSAS A58 ¢ Jd& BrE okdet vATx U
el Fx SHES EEXHOE AT F e oBOREA olE A4
A =9deAl | A2 1985 Murat? Tartar[8]ol] a4l olm, &+
dst7 el Fohe ol2s FAT ol ved ol Yiesta dn A
AMG7E ool F4A A9 50d el olv] Hadamard’b ZAE A %
For ol WmE oA WMo WMEs THeEA Oﬂﬁﬂ"i‘:} -l
el o] AZpol= 2 AleFERE ofyel Aol 3l 4 %
&

9]

T3

Mo -z

(1-1)
& E9ste] 24T F Qo olw Q= A7 dH(design area)el™, A
AAG el Al shte] 8 4E ettt awy 54T A7 W &
S oA E oakstE 0 T 19 gholBRRE A4Es EdEAela o
Bl AEks dEhER ndA vividors sjdd ¢ glAn #4
shH o] o] &5 o] &3t o A= AE 5 Urh
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AFHAsE 7oA dHIIIHY AFES dolrR7] fE fig 1. A
HEW (a)oAet #E&  AA A Ad(macroscopic)F S el U= 1A
(microscopic) ¥ & AHHEHA AF(solid) =2 THvoidd F7F A+ 1

Al (Y7t F@A WA glom olF A Jgof A g 1w

Q9 = ha - ade (1-2)
Q
I} o] AT F Utk olwl p<a<1, o<p<iolM o= AHA IY
(design domain), Q= A&7t £E =Hof A= 49 (solid part)e]th.

Macroscopic Microscopic

fig 1. #2371 5@ AA AA 949 (b) unit cell, 2D 84 (c) 3D &4

Aty oz H d9S At Ase 71E A(unit celD)> A s W
(gl wet d Fo HEAZE F e ARSHdE O Axn5E A
g ¢ da, aue] g= A A 3 E(elastic constitutive matrix)9] &4



| (properties)dll W& = F Jorn=z HAZ TAE Ast7] 93 st
ol unit celld] W= 4, p, ¢F SASA HH, o]y st unit
celle] A7 @ QoA FE/HE ol4tks}t Hol dnt o5 #F3has 3
Aol A4 Al unit cellE 3Fte] 24 (element)2} vyl AA G o
AE 3N AA w7 EASA B (g, 4,6 i=12 .., N

o714 Ete AAZE & A(rectangular unit cel)E SHWA AR
(isotropic materia)t} # 84 A & (orthotropic materia)&} 7} 3FA =
22 Aol el HH $#/WHE & (plane stress/strain)® T4 WA A&

g 2ol @ sHsah

5]1 Dy Dy 0]ey
‘DEDZ 0 |}ez (1-3)
o Dy |2

% |

olm  gfij = 12E dH(stress)& UERL, ] = 12E WIE
(strain)& WERHH, pi= A5e] A AL (stiffness matrix)S YERKITL

D= a, b, 283 ] ol
D =D (az0 (1-4)
2 e § gon, ou @ e
D = R) Dlah RO 1-5)

o} o] ®lAM W (tensor transformation) &2 Aito] 715 &k},



A rank-1 layered material Rank-2 material

fig 2. rank 1, 2 material type : rank 1, 2 material type, rank 1
& AR #ET AR} gl BRow Yrlold 1o rank
2% rank 10| olg] 7] AdE o] gom AEWE XU o
o] A= £4300 AFIol A,

1ot 2ol gk g oA Aojd TAE HAA Gl ALA717] 98] i
Hog AgHE 7|E Al FHFE+= rank-1, 2 material(fig 2), artificial
material type(fig 1(b)) ©] 421, rank-2 material rank-1 material©l
A5 FE (solid part)= T2 sHA A4 Q4= A3t 7| o
Hhxl o 2 A5 18 EFY(material type)o] 7] &fi}, o Ao A=
9 =W (density method)S AF&3}= artificial material types ©]-&3 2

W ol thet gk

U EHL rank-1, 2 materiald] M52 L= S ¥3HA7 A= E
Yo AMHoR Amsl RIS Yt AYAAL BAN FREL
ol4t gr(discrete function) y& °l&38te] tha3 2ol & 2 + Utk

(1-6)

dx = Ax0° (1-7)



A71A, gk pv 7t ZHEPJ U %= (density) 9t €Hd 8 H (elasticity
matrix)E WEMATH AA G5 adste] X XA o R ALts)
A B x9)E Jﬁiﬂ‘l], 7k Q2 (element)2] e= A W47F "ok
Tt olefd W olibstE WA(fre 8 A A Al mesh7t W=
Wahell wel A3y W ¢ glon® o|ibstE WF (oAl A5
A WF goE AHE3EHY

A9 = L’ (18
o el FAsaL, o)W p<g(x)<1°1¥, xe@lth
oA71A, goE A FHEE AW unit cellZ2 P EH o] o

(0 =1 - d9 A3 (1-9)

=)
o,
g
oo
JE
Sl

Ao A A3}

)
o
oX,
%

FES SUHeR HYEA w
S

vg 1 !
DH:J%I;_%JE“ , 10 (1-10)
|

0 A

o} o] ®AHM, o]E orthotropic material TAHZ 7F4g3tH vtz 2
o]

(1 —-aDE
D= a - v
| 1-n* 1 — a1 — H1*# 0 |
£ — a1 — H1*# 1—a" 0
| 0 0 A —aa - p
(1-11)
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Non design area

fig 3. 943} A2 o (a) A A (design area)®} H] AA
9 (non-design area) (b) 9°4& A 3sld 3 (density plot)

(Courtesy of Altair Computing Inc. Troy, Michigan, USA.)

Aa4AAs NG olgd AW w4 FAldl 2o} #FAF|Y
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multipliers)o] ™, 9]¢} A& a, b, ¢l dit WEo= AW Hat 2
ct.

3f o Daag — [ g oo v ok, - X =0
(2-4)
3] D gy — [ 4 g+ 2y — Fy =0
(2-5)
3 B o = 0 (=1, N) (2-6)

2 7kA] 2 Kuhn-Tucker  conditions  AF&3Fe] 7 327 (switching
condition)& Z &AW th53 2t}

N N

eZ}(I — a°h92°— Q.; /{;E(l —ahR— Q|=0; X (2-7)
ac— 10, A,a°— 1D =0; 2,20, e = 1N 2-9
—a°d ; A4=aD =0 ; AxH, e = L1L+N 2-9

be—1<0; A, =D =0 ; A,280, e = 1N 2-10

D) 5 A(D)=0 s A, e = 14N 2-1)

?1e] a, b, @& WA B3 AFH HIx{U7FAe] H]HY A o2 HE
IN 4 1(AA7N1A N'& 229 )9 Ao

g3 A4k olsle] ozt B} '
scheme)e] F g 3stn A7
S o A7 BASHA H
ovw MAWS azk A% gk se ghel Abeldl EASA WA u
B Ais s8] A Bes e 48 o guh



A adll thalM =

(2-12)

g =

({0 +9 ., 1 i &£(E)<wm{l — 9,0

PAIQ AN i mx{(l — 9 , W& E)<m{(l + &, , 1}
na{(l — 94, , 0} £ m{(0 + 94, J<&( E),

(2-13)

olm, W hel A=

(2-14)

Brn =
({0 +9 5., ) & F(E) <a{l — 950
Bl E)) f mx{(l — 94, , KFE(E)<mn{Q + O F, , I
{1 — 98, , 0 i n{(d + 98, , U<H(E,

(2-15)

ojty, o7, ;= 7F& A (damping factor, I¥FA 0= 0.7 ~ 0.85)°] L,
o] &g Al(move limit, YWHd o= 0.0170.DE YeERd =, & #hel 9%
5 AAWTF 7o) Fo]E57] W] dtFAoE FHE 5 AR
H HSEE Fo)EA "k Eg 9o ASs AEEY Heys

é
[‘E:

A L

R E
( &y, BT B A Lagrange multiplier( g)ol &S &
=3
AFHAs wAE AAst] s wpA Y AR A gEdE 71
& Tz ) = el 7] A(unit cel)] 33 7to]

Aol HAg ] e vAA "o webA olAl= 7] A9

_14_



GX [Dll D]Z 0] Ex
o,[=|Dp Dy 0|le, (2-16)

D, . Oy 00 obd BAASF kel g >p,E 7H4
[e)

o}, 3 o 1A W &X(strain energy density)E U&7 7ol
A efstar,
1 [Dy Dy 0]]e,
0= yle ¢ y,g,}‘ Dy, Dy, 0 ‘ e, (2-17)
10 0 Dg|'ry
T 2EdQ HxA e A5 FFA A7 & o] &3l ~EYS
S F 2EUd g7 &= FEASHE tE3 2
(2-18)
A714 2EHQ odUyA "HEE HUs soie= one= M dnd 7=
ES wrete 9njojnz ~EYR dquA dE gs W7 @l dis)
o

LA — Lo - ude + o) + Be — gl = 0
(2-19)
a=04 -0 ad B=15L +0 -2 — I}
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bel, Thgat 2ok

ol

gk oA} mlEs #he

2
Lg)z —~e,— e)de,+ e)aw2d + Ae,— e)asdl (2-20)
g= AUzt st= A2 wEs 2l g8 #JAsHe As & Ak
A7 A ge oA AMzmel ek A (shear stiffness)s WEH= =2t
g g A
oA 7HA Ad HHIIHE o] &3 ALHAE VMY daugdss o
AdE Aels) 2 w3t 2o

O AA AAFSS dAst, AAGT Wl A F 9 (design
area)®} H] AA 9 9(non-design area, A 4 Yol =3+
A9k ggo] WEkx] ¥ HiE)E AAs)

@ AAGGE o]akd} gt} o]l FIAQ A S i L AVEY]

(o)

o}
(meshing) 2t & =gt}
o}

@ AARFE =73} o S, 2, B, 02 27 #®e ALEA H
=8 g, sat2 2 Q4 (element)d ©HE #HES AYA HH %7
gF ‘0ot

@ FAs7IR S o]gste]l A el thal A A st 7 o]
&3 AAYE s wen

X

93} 7]% ¥ (optimality criteria) S ©]&a}o] 2+ Ale] W9} 3
1 ¢k(update scheme)3+tl,
7t FAHPYE=AE BOEa, ol @ Ao R H

O
N

S)
%
&

it
o
)

©
o)
i

e FHIH

9l BA EAEE fig 4.9 Zrh
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D= flne reference domaln,
loods, boundory conditlon
% walume

¥

I Generats FE mesh I

|

Inltlalize deslgn vorlahkles
In each element

________ B S

i

. Construct constuthve
'I'_ matrix for elements
L

L1
Homogenlzatlon

Corry out anolysls ond
evalunte ok lecthee
Functlon

¥

Update deslgn warlables
by reslzling scheme

Updote Lagranglan
multlpllier of valume
cons traint

Convergencet

Flot denslty contour
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woqge] glo] AgE uEE @4 welHE 30600 A4
9y 1958 (4 959 oA 100%)e] dE = d4S CT

o AT FE0

2

r U
"

o
o2& A

@ o ok o

" yo

kA gk diolHE AEst7] A H Aol AHget RdlS vhE
7] 93l Pacific Research Labs(vashon Island Washington USA)ol| A4 A
23k standardized femur modelS ©]&3FH o o]F AMAHHE HoHE o]

g3tol A48 4L s

WEE SEad AgAE AEHoR oHE o URRE, 93,
Fol a7\ P BAstel A3HH 3 9

gEZe] EAA= o7 AE AEsA AAE #2 gloy xd=
(compact bone)e] A% duHbygor AgEHE A OE = NG
=

=
= 082 AHE3a, WAt (trabecular bone)2 nano-indentations ©|

o

v
S35t =AY 121 E = 6.9H.3GR, v = 032 AFE3stAt.(fig 5)
¥ =2 linearly elastic, homogeneous, 1% il isotropic material® 7}%4
stlom, I-DEAS NX10914 A A& 249 $ ABAQUS(V 6.4)°l A 3l
A5k T



5 F-o] 283} 358 9 (bending force)S #HAAIA Wol| 283l 35
= Ha3 AAFT G A Jrh[14] mEbA, B ATl g
o] EF faiddo] AleE= 25 32 9 W F(abductor muscle
), ilio-tibial tract, %2 <+(iliopsoas)s AHE3til, & -F(femoral head)ol
joint reaction force® #-§ ottt olw] £17H 2ol A3 sF <

T8 247 Y8 =79 uEHE G5 E7]1(great trochater)ol 283k
abductor muscle forceE Al&3t= 4 $E load case 1, 4719] 3lzo] =
T 283 A9 load case 22 A3sle] ALFsFAth.(fig 6. table 1)

0

e}

Compact bone

Trabecular bone

fig 5. dE= SIS 9 24,
X" & (compact bone) : E=20GPa, 70.33
W& (trabecular bone) @ E=6.9GPa, 70.3
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Abductors

Abductors
Joint Reaction Force

Niopsoas

V P

Joint Reaction Force

Niopsoas

Tlio-Tibial Y
Tract Y
T_, ¥ Z
fig 6. standardized femur model 2 FE 3jXo] A&3 359 &7
Load case Applied forces(kN)
number
F F E Resultant
r
Joint reaction force 0.616 0.171 -2.800 2.872
Abductors -0.430 1.160
2
Joint reaction force 1.062 0.130 -2.800 2.997
Abductors -0.430 1.160 1.237
[lio—tibial tract -1.200 1.200
lliopsoas -0.078 -0.560 0.525 0.771

table 1.th&=ol 7tei#= &t52 5
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of & 9% vAE FL& 24 T dhdolth ol#d WA dY
(non—design area)®] AR A= sts A Ho] #A&st= IFE A
71 &l °o] YA = non-design areal Z A& 2, non-design area
o dg EA4A= 4 7HA BYs AA(fig 78t vhE ALlsiadTh

Type 1 Type 1 Type III Type IV

S84 (element)®] 2A4E sliA= APEA 849 SHA 84
zZhzy A eka, 2 a4k ol HH(node)d HFE L
;z] _‘C_g_ﬁ\__g] 751_?_ 87H9] x‘_ixq 02\94, 207H x47<4 QAE H]jj—/_—g]_i
o] F7kell mE ALE AIZHE 18] (Qunit] Optishape

T A7F 3,000 Y AF- 45A1ZH7FEE, 30,000 JHY A
AAE AlZbo] ARET) e 949 B JieE AA

5) $142 48 a4

oA Abgd Z2 32 QuintAte] OPTISHAPE-TSE Al-§3)
Atk A7 270& ny@ A BARA FF B V5 S Al

9

w, Rdo] Av]= tiEE F9o Aol M & AAE VIFer R A
°]5 5mm 7};* =7~ Z k. Non-design area:= type—IIE A el Eed o
[49 g 29 7 A Agte] AREHWA SES AT F ﬁlvu

= 20709 HAe Ad SWA 245 °F 3200 71 A}}lo}o;zu}

Aud 5 e mdel el FRasANd e #F 2AL A

stgom,  EA 3= minimum compliance, volume fractions 70% %
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Agslo] Astelgdth(HAstd FAS xde=H AMSEE AAFe A7)
2 AA AA 998 100%=2 B2 uw volume fraction®] 70%2HH A A
das A3 b= HAol Ao HA A Ho] 30%7EF Fo]ET)
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A Mg BHoE 7 949 FELY AAE AY IATHE ol E
sl AvE A% AT Y 2 edlez &Rk A% % 57 9
S (table 2), 53| 6bkg~70kgA}o]ol A :—’11'39/] 77 2 AESE & UL
A}, wEA, 65kg~70kgE Ad HolHES wE FEF3te] 72 JAy

]

IE7Y] BAES Ay R (table 3), Wﬂ%«] A A ZAol(total length)2}
neck angle 22 JIE3 #AAV Z AHAE HAAG, T oA
neck angle@} 7} 33t #AE A H W (table 4) neck angle?} total
length7} 714 & #AS Holal Qo T3 2+ head diameter, head
offsets= o]t a8y, FHLFE w3 EulE(bending moment)7} #
A =Eo] F7FE ol ¢lom total length’} neck angleol] 714 2
geFs vAE Qo E B Ao A= neck angleWts 1# 37| E &)
9t} Neck angle®] Wslol] W& & Fhe WIE 4HAS 7Hez
Solr 7] 9 neck angled] W& curvature® W3l= o total
length, head diameter, ~L12] i head offset®] W3}7} T HA oA =
zkel 7t gl "ol 57/E AA skt (table 5)

ERIEE AHAST(R)
total length 0.1033
head diameter 0.0126
head offset 0.0003
neck diameter 0.00212
neck angle 0.0618
anteversion 0.0046
weight 0.1193

table 2. &= A4 249 F5(1/m3e AAASF
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SIALQ A AXMH (B
total length 0.2483
head diameter 0.0077
head offset 0.0065
neck diameter 0.0073
neck angle 0.0192
anteversion 0.0031

table 3. 65kg~70kg?] AFS Ad FEAMe HHFeAsre 21E(1/m)
tel AA A #%
AR & AXA S (R)
total length 0.257
head diameter 0.067
head offset 0.0339
neck diameter 0.0111
anteversion 0.0175
table 4. 65kg~70kg?] AF& Ad FEAA FFR49 Neck
angle 7+ 273 A4
Model A B C D E
weight(kg) 69 65 65 66 68
total length(mm) 418.21 443 .33 431.99 473.87 471.03
head 44 .88 47 .39 46.06 48.2 50.24
diameter(mm)
head offset(mm) 45.27 42 .44 40.3 47.2 43.15
neck angle(degree)| 114.95 118.88 121.36 134.36 137.1
curvature(1/m) 1.77 1.95 2.29 2.36 2.64
table 5. 917243} s A4 5719 37 Ho|E
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Valgus
Neck angle > 125°

(c)

fig 8. neck angled] W& hE I P4+ dnkA e
S 4% W¥H(varus)?l F¥(b)S e
UERATE T A9 sAanE 7 A

91} #Zo] neck angle?] kel whE FE ke WalE Uwka ko] ¥
ol w2 FE kel WEel fAlsirh At =
fig 8 (@)l A ¥ 125° o HFt ks AL YA 9 3o weh 90° ~135°
o] ztmw= W3tz Itk o714 neck angle®] Zte] 125° Wt} 2 4 Wiyt
(varus, fig 8 (b), Th&l7} StFo=z wol & I JA4& dehi
Ho oy hEHIFE #3 ZHEES go] W FHEw =

w1257 Bt F A9 9uk(valgus, fig 8 (¢). ThE]7F vpg&E o m Fo] 9=
el Fel vERA Hol Fo] FEo] AXA Hrh
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2) WE= ¢4 4 4%

e = FE sidol 283 a5 3ol wims tiE =9 5 Ad F
l"f_r(lesser trochateroll A 3o = A thEF Zol9 10% X =43t

= )9 4 WIS JUS = A, % (medial, lateral, anteriror,
posterlor)fﬂl 7hal Al = ‘8}%—54 WEE Fota, olE Hw A e dFe A
719} wheks YAH A mdo A g3t 2 A3}, load case 27} load
case 1o Hl&| FES F O FAMF SR AAT= AS gl on
(fig 9), Yol AAHE dEZ 2 (table 5l load case 25 #-&3}o] 4
he] Wk A vl dla S talbe6oll EAISFS T

Lateral
Fa

ik
—r—

__--: oo i - —

.
. e

-
i

Anterior /:. Posterior

- -

I
Medial
(a) (b)
fig 9. load case 1, 29 4H A3} A3 v (a) load case 1
(b) load case 2 oju] F+ EEL2 $FHAslL o2 Hdd A

g3t
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table 6.

7t melo] Ag% akF gh(kN)

Medial Anteriror Lateral Posterior

Model A

X -1 -4.07 0.443 0.352

y -6.87 -0.621 1.27 -0.073

z -24.7 -8.66 12.7 6.45
resultant 25.6571 9.588855 12.77103  6.46001
Model B

X -4.32 -2.81 0.328 -4.16

y -5.56 -0.546 1.76 -1.52

z -20.7 -13 9.4 9.41
resultant | 21.86472 13.31143  9.56897 10.4002
Model C

X -16.9 -1.44 1.59 -1.83

y -6.71 -0.719 -0.541 1.8

z -29.5 -28.9 13.2 23.2
resultant | 34.65377 28.94478 13.30642 23.34157
Model D

X -0.881 -1.14 0.219 0.855

y -2.61 -0.226 1.35 -0.099

z -26.4 -20.9 11.4 4.92
resultant | 26.54333 20.93229 11.48174  4.99472
Model E

X -0.786 -0.655 0.237 -0.26

y -2.93 -0.516 0.368 0.781

z -22.3 -15.7 9.8 17.6
resultant | 22.50539 15.72213  9.80977 17.61924
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< Eoto] Aol FEl +

230mmz wE EAsA Aeeich Pl §ab
9 24

AR A Fol et @

Kol

©
N
o3
o

H] A A o 9 (non-design area)oll ts]A=(fig 7) type 13} IVAlA =
2po]l & HolA kil HAZ o R type IlIo] 7FF & Xo]E HY O
F Rdole FA3e9a, vE 2 AolE HolX = ZAIR type II7F
1 = O
L =

& mAslel by A g,

M

Ao 2 g 40 FRE AMHA 8AE B 7 Edd A& A
T o] AAAEHW wWE AN A vkt FEAAE ®BoFT)E sy
EHAANAE A4 X A34E YEU o H(fig 11), SHA 849 45
Hassani B.¢} Hinton E.o ¢J3}H 8 702l dH(node) AH-&A] ¢hikst &)
S 4S5 T goHibla deeE B AFoAe 20009 EHE AYa Q)
v FHA 8 AE AFESHATE A4 A E HE FAS aE st 849
M7E 320070 A=Ql A4S e RdS AP on, A4dE 2de

defA el | fig 129 2ok
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Lateral
i

Anterior / Posterior
- f

(a)

(b)

fig 11. AWA 248 ol88 S4A45 o4 23 () ARA 24E o83 144
43 7lgel A4 Axk A-LATY (b) 915 (Latera)®] EWS AN Hud adom
Sge a7l AasA g,
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E-3
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Model

|

Qs

Z

0.022948
0.025157
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0.030622
0.031587

0.008722
0.009726
0.010992
0.010644
0.012666

5.278
5.786
6.291
7.043
7.265
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ABSTRACT

An analysis of femoral bone remodeling using
topology optimization

Lee, Ki Tae
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Topology optimization method has an advantage of producing an
initial design in addition to the increase in the effectiveness of
product by the conventional optimization technique. The purpose of
this research is to examine which shape factor of femur is closely
related with the curvature of femoral shaft using topology
optimization. The result shows that the neck angle has the greatest
influence on the curvature of femoral shaft. The curvature of
femoral shaft was found to increase with the neck angle, and this
result corresponds well to the measured value. The present study

demonstrates the fact that the increase or decrease in the
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curvature of femoral shaft occurs according to the wvalgus varus.
But, the optimize value is three times higher than the measured
value. Therefore, I suggest that a different objective function or
different optimization model should be developed for the purpose of

improving the correctness of optimization.
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