A, g5, ot
1.4 &

FAFE7= a2y dartasorn sy
FE FAHFFel o] BAFER w2 I
Az AlRel "Hgdlth oo wet HZ Zo
ATFHDL Y B Aad A AAEA
B (functionally graded material, FGM)$} 7+-&

HEARN Lo HL W Polii FE
B3 o1l o) HApIsAREE 22 $@
A defl gyl fd) dF Aue Ay
, OE & AsE g
EAg2 st F7t

oN. o

2

©

=R

o

2% ol
)

EE

ool

iy

o
¥ o

5D

o] o] o] A

A Y0 10 ok mo 2 rR B T

flo ol o B o
>0
N,
oli Ly

rle

t
pul
2
R
hote)
Lo
s
oo
i,
o

of
o
tio

o
i
e

B

off p

ol

lo

B N

47 3}

(simulated annealing)& ©] &8 ¢ th3],

2N b oEg

2. &3 WA
22 AA7) AR
BA s AR g

A

Fig. 1414 2¥ A
A A 87 Hete] e
sEe oo 9l
1 $18tdq At Az FA" FA)
Age) E7re A F 29 oo wE

=]
=
o

1.

T e

B

o}

T

rUlE B

7l gE9

{rule of mixture)® Green T<E o]£3ly
A5 AE Wi EAAE AD)-G)E e
o},

|

—3X
Kok

Fig. 1. A shape of FGM

— AC-FBA(?(/‘;«,;_AC) Vm

A= T A=AV, W
Jor EC{EC+(Eme0)V%i3} (2)
E +(E,—EXVH-V,)
2k, YV a KV,
=R YRV, @)
v=v,V,+tv.V, (4)
0=p0,V,toV, ®)
_ CponVutCep V.
C= 0, V.ro.V, 6)
Em . ,._._E_C_. P P
Km: 2(1"*’/,") ,KC""” 2(1"1/() ,Vc-'l Vm



150 20040 YT A Sy

4714 A 9AEE, Ex BAAT, ot 2%
AT, ve T4HH, o 9%, CE ¥EE
UERE], Vm2 F5¢ AAueln 3z m

=
3 cx A7 257 Ade 4=S e

22 AE#HEHE ojdy

AlEH ol oJd g e ol BAME oF 4= 9]
1 E94<9 Edannealing)/idS =938
ojt}, EYL TAE B H oldon 744
2o v AAe] =Este PZAA of¢
oA deel A4 Fx2E ZA s
ot} Y TAM AxElY oigx
g3 2o 48 A duAes &
o, v w3 Axg Adsied,
Ae 2 (E;~E;) 7t 050k #7u e

o 0

202 % rlr dE o MR
I flO
i orly o
l g =

R <

W OAEH e A dea gets e, oy
Ao b 0¥ ZW, 1 AlA"E (7)o g
gto] M2g HER dEHE 5 Jda 2%z
¥E TR Utk o] AL Alxde] A" A
HE JA9d g7tA A&Ho 2 v &% Aeivt
o ot

exp (E—’——[—'__LJ 7)

ddelel A, Ex o3AdHY oy
t}. ©]Z1& metropolis criterion®| 8 3}31,
2]&S metropolis algorithme]2} st} &
{ BP9 vy Ex29 B¥z 54 Ao

0'17?/‘1; kB%:— %é‘_‘?‘ )2)?’\)7:0]—‘12, TT: L_v_ E
=
]

a1 - £
Prix=ri3= 7 exp(kgr) (8
_ E
Z(7) = § exp[ksrj

ANEHNEHE oddgdL F43 Hirdzrgy
Z ¢}{transition)7} 7]-"61 2RELE ZAYR
Brbste] AHHE Feted, olu TFE U
A 4% metropolis criterion®] €8] BHris
th 7IME 258 288te devy g ©

&t} 22| acceptance probabilitys &3

1

it A7)<A4)
P { acceptj}= ' ) )]
exp K= )

C

it A7)>Aq)

2AGSE FANDN AHAG FE HAo
ojH ABEoHE oddy A BHPS
gol WHHE MW, Huse B wws

gaA g E¥to] 51 c¢lcontrol parameter)
ko) 0ol FMAE4E A Havs d4 A4 ¥
fo] Hul ¢ 3ol 00 HE AF VA HEE
M3 FHEEHA Fed A& AEHOHE
ojdgle] IRA wralubiolAa xF WEr]
& FRE HAL3E A4FA HoluEAE By
zo. AAEne exp(LLAD) g

[0, 1]*}o]9] W5 Hlwsto] A LAz}
Wi oo Ao wet £HETr W)
AL &4 5 vk ¥E o] Wye HAHNE
7] fEA e ok
e A5 AR W g
(ill-conditioned)2] ST

A1 AEAR HAYHE %
FHE AYx gk

0

)

H

r oo ol e

3. 9E9 HAA3
31 AV sAES AL HE

2utE Fel7)e] 9i7] HE §E 1&g
d ¢ dn F9 F2E e FH “«’;
874 W4 d Aol Fig 2& &vE K
9 MM 2 HES F4E vpehdrh

B =FoMe H2d 75D e g2 Al
24 FlA 73*}71‘:‘1H§.(functionaﬂy graded
material, FGM)Z 7 wj7] & FXd A&
slo] d&¥ ﬂﬂiﬁ— g Y34t Fig.
35 409 AAE & 7H AAVIEASRE
A3 HEY dBig HAFi gl HE9]
SHEBE2 g 723 AEor FAE

A wpgREe F2E AR A48 g52

_&érﬁ



AlEgolg= olds g o] &8 ~nle B9y YEo HA3 151

2 FA4H vk

«LCooling Air

Fig. 2, An engine duct of smart UAV

Hizk FGM Layer
Fig. 3. Cross section view of duct with FGM

32 AAN % S 43

BAEA RS 2 oldAgns Z9xe 4 &
& WE FRAARCA FE2S B3 9lr) o
g oldAEE BAA B R Aug 24y
o, 3htE 529 3 ezl 9 §Fs A
9 7 e Agas 2e ydggels e s
© TZA 73S 93ste AR FE&A4 50t o
He RS MR g8 F Aue 99 24¢ A
W YFe] EEERA AR 2YREA o 9L
go] BR7F wigstA o} & 4 $HERE T 4
2o d8 o siAlE BAX Aue 248 B
T dEHY IdeBAZ AAA "o zegpz %
A5 2PETE 2HFoZN FLEE FAaAT]
= Aol 715EhH, stepwised AAZIEARY HS
A FY 8 A A 448S Hy 2
Z0]7] A% woltt. £ Aol ME stepwise HA
ANeAze] Fo dist HHEE 842 FA3} sy
o AlBFolE s ofdy g Hgslod HHHE Sy

_2_:"
8314
£

FAAE stepwise AAZIEARY 29
HH3E Sy B Ao Aed
AN FARE AEEe zirconum oxideE TEA
R titanium 4AV-4V elth. Arp)5AE ZHzte
BN 29 71FEFH AXHele £ Fof vlds)
o nBA REcn /Moy, 144 ¥4
7t 8 FVM(Finite Volume Method)& o] -8-8ho
AN EARY] LEBEXE A4 syt

AR EARY HA A BEREFE AAIEA
9 3EE Hagele Aold, AAMSE HAY

7o) AAPNsAR 29 Selo] Ak AR A2
Fge) H488 WA WA LRaglen, of
FAASE 23 AL,

- NE -
Minimize :  F(X)= 3V (04,)  (10)
Subject to :
3
2w —1 <0 an
(%C)y

ANH, Ot ANVNSAR 7 FO] gold,

(0.) & A23259 3&38g et

33 AAE S9 A4E 49

Stepwise FAIEARE Fo ol Wi HHge
A AR AHuE 5o Fo Bldste] HEgE
oa bS] FEHY 0 A B BA|FAR
of xzA3 A7l e A 24 FHg 4
= A4E Jebddh ol3d Z3e= Table 6ol &

9T F A

Table 1. Optimization results
Initial Optimum

223 (Mpa)l  0.449 0.443
A A4 4 21
4.4 £



A3 &+ 3le dAlE F
o A3} stadh HA 2 2
/‘}7}b ¢ e By
' ¢ Ane dend AR 5A
%‘*ﬂ ‘5’_%1011 718 EdE ot & 4 9lg Aol
o

._.
T o
]

F7

2 ATE ARERAAIEABAL o3
A AL om 2vtERASIEAAYG A
F1F Ad2A gA=YY

Fayd

1) Cho, ]. R. and Ha, D. Y., "Volume
Fraction Optimization for Minimizing Thermal
Stress in  Ni-~Al203 Functionally Graded
Materials,” Materials Science and Engi~
neering A334, 2002, pp. 147-155.
2) Cho, J. R. and Kim, B. G., “Finite Element
Analysis of Thermal Stresses in Functionally
Graded Layered Composites,” KSME
International  Journal, Vol. 13, No. 2, 1999,
pp. 108-115.
3) Jungsun Park and Miran Ryu, "Optimal
Design of Truss Structures by Rescaled
Simulated Annealing,” KSME International
Journal, Vol. 18, No. 7, 2004, pp. 1512-1518.
4) Pham, D.T. and Karaboga, D., Intelligent
Optimization Techniques, Springer-Verlag
London Ltd, London, 1998.
5) Kirkpatrick, S., Gelatt, C.D.Jr and Vecchi,
P., "Optimization by Simulated Annealing,”
Science, Vol. 220, 1987, pp. 671-680.
6) Aarts, EHL., van Laarhoven, P.JM., Si-
rmulated Annealing: Theory and Applications,
Kluwer Academic Publishers, 1987.
7) Ootao, Y. and Tanigawa, Y. “Three
Dimensional  Transient  Thermal  Stress
Analysis of Non-homogeneous Hollow Sphere
with Respect to Rotating Heat Source,”
Transactions of the Japan Society of

Mechanical Engineers, Series A, 60(578),
1994, pp. 2273-2279.

8) Obata, Y. and Noda, N, “Unsteady
Thermal Stresses in a Functionally Gradient
Material Plate (Influenceof Heating and
Cooling Conditions on Unsteady Thermal
Stresses),” Transactions of the Japan Society
of Mechanical Engineers, Series A, 59(560),
1993, pp. 1097-1103.



