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A Study on the Optimum Thickness Distributions of Plate Structures with
Different Essential Boundary Conditions
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Abstract

This paper provides the results of the investigation on the optimum thickness distribution of plate structures with
different essential boundary conditions. In this study, the strain energy to be minimized is considered as the objective
function and the initial volume of structures is used as the constraint function. The computer-aided geometric design
(CAGD) such as Coon’s patch representation is used to represent the thickness distribution of plates. A reliable degenerated
shell finite element is adopted to calculate the accurate strain energy level of the plates. Robust optimization algorithms
provided in the optimizer DOT are adopted to search the optimum thickness values during the optimization iteration.

Finally, the square plate is used to find out the optimum thickness distribution of plates according to different essential
boundary condition.

FIHE : BTEE HIHFAZ, dFN9A, FA=H
Keyuords : Plate Structure, Optimum thickness, Strain Energy, Essential Boundary Condition

1ME QTE SAY FEse 2o JARAQIYges ¥
Askal glom ol#gh A AA HEEHA L BFE
TERES AABY] AsAE BHEEA JYE F M 0|22 FxEd dt Aukzel XA A
HetAl Hi AAs A she FRE UF O o ggad]y] sk ARE AEFoH T
¢ Bde o o TRAAHA S (structural sz goks] 1 grih?
design optimization)= ¥H =& AA9 3o A] FzEo AARAAGSE AN DA E FREY
RTHE AT EAS FATL AL HO2 gy nyo met Ywdow 27, B4, 94
Ao AL HAe 72EE =53 594 A3z TRAD, AEHow AAHHI}E= T
O & o]&Eo] gt} FEEY AT 2HE ¥ Z BAlo) 3712 zdsts= WL AT7s= Ao
g AARAS Y Apdol HTdle mek TRHA gy HooA FxEe ¥4 zds= A
ZIMH AAE FxEL 718 dYe 24E 3
* AR, Addsta gAY AEE 2ag = XA AW dig A77) s AE
T?l | 057516541 Fax : 055-759-8015 ST R 2 A A BEE Eale)] o] & B
E-mail : lee@gsnu.ac.kr M T LH ©

AW AFAY TEEHAT AR

B34 - JUTEsE =2 53



(=]

|4 z-d3 8

FHAAH AN g #e] mEHw QITh
THAEAH A= <™ 1> EAE Hig} 2o i
I HAFHe A A 9l FREY
3

]

Sy
rE off )

< 1EZ FUAZ 7 de e VM A4
[¢)

2 A A45a gl

N

Adaptive FE Topology
Analysis Optimization

Structured and
Unstructured
Mesh Generation

mﬁiﬂm / Q\%'F

Geome'tric Shape and Sizing
Modeling Optimization

Scientific
Visualization

Qg 1) SEEAEHsS

olH 3 FHAEAIIHEL 18T AFHY L2H
A FRAAHAS ) BEs E=UFT] AR
CAGD71¥Me) o8 7h538kAl Bt CAGDY]
HO R Qe FRELS AFEAGNA B 44 =
do| 7hsdtA HAZ AAHAsIHA AN A LA}
v AANTY 5 U308 Fole 9L It
A =]

B AT AAHFS AN 8% JFE 3§
I Y& CAGD7'H & o] &3t #e| FARLE
At AAzA wet Q75 e B3 do] HF

EXE 2 BA8tAL 1 438 rlestaa ok

-

I

=z
=
T

2

2. SMENE B2

2.1 J15E S g

AFEHE o838 735ty mdd d FREY F
e AFEANA ELH o2 FHs T FH3)
A ALHAG Fo 2790L AFo g X
of ¥4, B-AZd0 ¥ 181 NURBSE A E
o] o HAAHoRE F2ES HAAHAHS =Y
Hu ot AAFHGNA 7)stetEe] mde
THaAo ARG A o] & A B 718t
& BALGH F2E0] fEsd A9 A

hEAR [

Fo| Z712 Qs dAshe At EAE AW
o A3ty Yt e 7)Ed 2de i of
LS Adsls AR FeFAY At
e F2E Hg40] Hojd 7sEAY Rde
et 7| ‘?—__}8]-—‘5 Aol Bad Aoz JehgtHo,
BuodAes & F2EY 45& Tyl 96
CAGD71 ¥ -sow B L R e SN S ES

1o
N
S
=N
o

& J388 mEE QgD JE 2
EYste o) A FAEELE FHIAG
zug wd) A9 ol8HE 2o zABEe
e 2tk
T(U,V)ZHHGPHTVT7PZ$}y;z (1)
4714,

u = {u3,u2,u,1}, v = {vs,vQ, v,l}

2 -2 1 1
_| -3 3 -2 -1
H= 0 0 1 0

1 0 0 0

R R,

Gr R,R,,

2 -2 1 1
_|-3 3 -2 -1
H=1"09 o 1 ol

1 0 0 0

p 0,0 p 0,1
T rp0) @y

714 r, (0,0), 7, (0,1), 7, (1,0), 7, (1,1) 2 &

zZrd o 71AEl Y] #EE veilii v, (0,0) .
r, (u,0) & 7RG woll ti3te] H(o,0) oA A
Zeteh A1) o] 83t o Tl F
éf&?_ 7188t d rdg THS 28T
He o3 Azd g 2
%*é% 7}115 I 5 =S 22

g Agstel Tg 2o) ART & Y,
h(u,v)=uHQHTVT )]

714 dE Q& A1)Y FE G o A=

Hod M4z &3 18%, 2005. 12



PHojn] I Aol d3} 49 FAE b

Y
LA
[ ] N -
A Coons patch r (u,v) y

5 Mapping

by

4
L
I

el

-1

Coons patches in parametric plane

(3B 2) 7I3HerRiel R0 AE FEteLt

ojw] AANAM A Fo x| IH 7]
Stetd mds JAsted ojfHI FIFHORE
o] 7]8}5t4 Belg Tt f3taso) 84HH
FAE AFHA A "ok olu o] 7)shshA
2dS gAoe AL oo 2ok
1) F9 g4 xdste 79 2499 =34
d zRgs FRlgt FEHORE dHol o
WO g k), vFOR Y 2EH L VA
TA47 ez 58 9ohd 274w ¢
AHE = O3 o] 18T 4 Atk

r (i,5) = [r.(4,9),7,(4,5),7.(6,5)],

i=0,1,,k 2832 j= 01,1 3

ot
=2
=
rot
2
£
2,
o
o
i
b
2
>,
N
=
rot
Y
oo M e
)

=
o,
o)
N
ol
ol
%
2

o

o 2 &
Mo
_}‘.L
o
o
o
I
=
im
M ox
o
o
=2 2%
X e
o 2
oxr N,
(i, Ok
o 2
ol a2
fo o

B g
o

o jal\}

rot

ko

2

ol

nNo
v
2
bl
>,
r
judj
=
e
N
L
>

2
Jp
rE
=2
ox
ole
oft
ot
ol
oX
o
ol

=

ox
£
41 & ow

°
e
2
>,
N
>
ot
o=
1>
o,
o
ety
gy Mo
g
o

N,
B
ity
ob
rlr
ol
fioc)
o
bt
I
N
o ro
[
ko
ol

o
ox Mt ofk
>

N
o 50 gt
3
b
i
H
My
lo
Y
)
(g
S

rr Q
r2 b
B

e
>,
o
rE
ok
il
N
N
)
rit,
)
o
rE 2L op

W ol

qu 2
[
&
Mo
4k

e
o
o

N

i
oW
T <

JH
2
lo
i
=
N

2

T

lo OO o
>
HUQE
OE%UF
%Emlmﬁ
ot
m—glo T
sRE g
o ofk ~
‘n"ozz r::'
%rﬂ é
TN G o
rr Sk 2
tles
2 | &
2ol e B
rlr e o
o kb 2
R/ ) -
o g £

m
o

.,
ok
lo

i
X

—
~— =

E
I
i

E

o Add: ZaoA 7ed A 4A
CAGDE AHg3to) o] 38 3t %

£ AT ol 9 24We ¥

A FARE AANFE

ol Y e

SO A )

O
el

ot
rir

pcA I T < 1

_Ol_l_t‘
Y

w8 oox oo

2

P} QA HHs 34 T AAN
|(linking)©] B&3lth. AWM G2
shapg el s B o) Ao
AAAFE 9TE T B ol
e}

A

2l

¢

N bR
b
ot oY

lo

B

N

i

ox

o

N,

)

N

re ot

18

m?L'

o

_0|£

)

of

24l - BT =2

r
0

bb



& 714 2 <18 3>o] AE ket go] A
H Ao dAHRsA AUH A hAHE §
A7) gstel 4 dol = o Rz Y=
HAMSE AT 5 Yk

s3 54 s
S2 Sg

7
of Zolggel MAE o

3) AAWF o5 ek AAWMSE o|Fge
ﬁﬂi‘r HARNA FL8E oJujE 7HAT 1 o]
e AARFLY ol FWE wgA HzH3E
A AAFRol g2td +5 U] wEolt
<I¥ ol BAHSFE A
8154 mdo A S FANgS A
FOoE o|Fde AE =AY B
Me F2EY FAE A8 Y3
ARTRE o] &3t 28AHY FAZE 439
o] HAwgo g o]%

_,d
&2
|l

&Sk SATH

4) A WAE: A g 7= &)
e 43317] YalA ol A akuka A
9 e ol FAAE Bt T2E] AAH A3}
NAE ARG A= 8- $)xldAe]
A 3 WA 4L 8 WAL Atk

2.4 ?'_l_ I %EHA#

BT FA Wl @& F2E
TR 7Y E o] &t BT
£ o= HIAeAE AHE3IIH 33
Ak glo] stz e &S Ay WS £
T Aok

7 ’“7:“3] 1318 37| AsiA e B FA 9
H3}ol mE v‘i‘* o] Hglg Agtstojof gk B
a9 04];‘1]"1]"1 7YY EE HlE O /e Reissner-
Mindlin (RM) ﬂﬂé &g o] gsto] o] WY

AAAE Atstct. B & Addts] 48}04
o] §d Hildaset FFass gty Furd

23
Plo] 718 W&& Fud 4 o

2.5 o|Zt= oH/\-I

FARAS M R F2H 54L& WA
71 91 HHE EASS FAE 2HEHA

Aok, o B} FAL YEiE Ssets mdg
gHsts 2A4ol JX ALY} 2AYAAS B
AR AAMSe) 48 s 55 oy 2

3 gzalse o) AAusd g W=
Bow Ao AANSd U@ WLEE A4 7]
W, Z4A A, Rl Al 7R ) A
o2 ANG & Qe B AFNAE fBARY
2 =Qlehdn. Heb AAEsd ga Aol
So o NAE e T 2o] TaAl Ao,

g_; 2%: Af(s,-+AZ¢s)i—Af(s,~) 6)

047]/‘1 fe UAEE Pag 3= 999 Y&
As v RS 93] EY7E iHA AAESTY
vk WS YErT,

ol g3t Sd A <
AES} 24,

b6

HoH M4E &3 18%, 2005. 12



AAZO| WE B xSl HHEHLmO| Cfst o1

Y

define geometry &
thickness distribution
& parameterization

U

generate
FE mesh

i

carry out
FE analysis

i

evaluate
sensitivities

improve design &
generate new surface &
thickness distribution

(8 5) £l MAxMst 7|2Lne]

ojn

Hollx A CAGDE ©] &3 Ao A A3
NNEELYEL e 2L oA A JE 1

& AT

1) EmME 2N Mol Bel 29 T Bu

g 29 2208 Ag3to] Bojath AARSGe o

G 015U E9 o BN AR f
YN BaR % L A=A B EuB,

DA 28N AT

GRRL ATUAIIE A8 ol AN 4
g AI3terd mEse] fieane 44T o
lEgguslel fReaE 44T O F44

> orle
rr
of
o
o )y
oxl

5) 2 Xzt A A% S AoA Ate 2 i
of thah BANGERS ol8ste] AL AN
o HAge] e A WA 25 HH & HEFT.

o] AojME &A 71&d s|5lstAel we 43l
LA, BHESlA, AR i 2Ea A
A3k daeEE olgdtel we| A HHHE +
Y3t 1 ARE 7wstdnh £ AT BA
E0] ME He HAAFAZEE 24 BYSATG

2g Be FARELE 4
Azde] wel 24 ZYsA wel u We
[e)

C/C/C/C, S/C/S/CY AAZAL 7MAE Aow
AL <28 6>dAE B AARYD, 4,
FHAARE EAEAT ol S HEARAE C

T4 E e,

FIF

@]

S

C
(J8| 6) To| HAXA, A SFQaat
(zhC/C/C/C ()S/C/s/C

HAglol| AHEH He] A Zopsnls 7t
Z} E=20GPa3} v=030|Th 12|31 FHL A
A g9 271 FA(h=0.25t)F 7
7Hgstank & AAe F4E FHs] st
6x69 T 2HOE FAH 7)8EZHQ &
BT He) 1/4S 8x8 FEeATOE o4t
3 AT <a¥ 7o FAHARE FYs)
A g EY FHdeA AFs 28 - 9
A& EABHATH




o
0z
™
Y
o
o

A A
10 13714 1157 16
L) 5 $io 11T 12
BRAL 51517 1
| . | .
1 2 °3 4 i 1 23 4 e

(a8 7) Aol A%l

(=h c/C/C/C, () S/C/S/C
B E HAgte ZAZFE Fof WP 4A
E AYstA 1 27| F%E AGEALE o] &35HH
th 281 <aF 7>0] EAE Hle} 2o AAZA
wetx FALAARTY] FE A7 1070(s. - s10) 9} 16
M(si—si6) S AHE3Id HHE FAsA ol
AAZAN B2 NAFE ol &5t AAUSFY F
g 243 Zolth. AAH A5 o] §H EAHFTY
1% 74589 183 SQPE AHEste] &%

%ol HZ FARLE ¥ 14 AFPsHh

M P

i £ £ sy | C/C/C/C | S/C/S/C
1 1025|012 05 0.1431 01347
2 1025|012 | 05 0.1857 01277
3 1025|012 05 04607 0.1501
4 | 025|012 05 04962 0.1673
5 02 | 012 | 05 0.1200 02423
6 | 025 | 012 | 05 0.2497 0.1686
7 1025|012 | 05 0.5000 0.1826
8 | 025 | 012 | 05 01528 05000
9 | 025|012 05 0.1200 0.5000
10 | 025 | 012 | 05 0.1200 0.3452
11 | 025 | 012 | 05 - 02199
12 | 025 | 012 | 05 - 01200
13 | 025 | 012 | 05 - 0.5000
14 | 025 | 012 | 05 - 0.5000
1502|012 05 - 0.1200
16 | 025 | 012 | 05 - 0.1200
¥(s) - - - 0.1625 01937

<E P>AAME 7|ed bt} Zo] HAHZE 53
#e] 27|29 E FAEA FAE FH3] =

o] A=A C/C/C/C, S/C/S/Coll Hal =7 &
o vla] APAIUAE 2tz oF 84%, 81% HAAIA

o}, EuoME SQPE o]-&&t Aitd &9 ¥
QA WEE <18 8o EAEHT olu] e
AN SARZE <Y RoA EABAT

<1 8>olM TAH 33 o|gFAg BH 3
23} Ao 27|HHEA 4 FEolA #He] WY
AR 7} hEE Z4EE & 5 dth <2F 9>
SAE #o £ HElE AvEy % AA R
A AR ¥ A FA= F7t
GRe v mAE & FA7
ZA893 B AAZA S/C/S/CY A5

3

k1

——(C-C-C-C
—=#—35-C-5-C

L
L 2]
L 24

Normalized Strain Energy

0 1 2 3 4 5 6 7 8 9
Iteration Number

(38 8) HAxo|| wE HIFoHX| o[HFY

lteration 1 lteration

lteration 4

thickness
0518335
0487963
4 0457582
0427221
B 0398849
i 0.368478
0.338107
0.305735

lteration 4

0.275384
0.244883
= 0214822
0.18425
0153879
0.123508

00883863 00931363

lteration 9

Iteration 8

(23 9) ZAI=| e e FadHst
(=hc/c/C/C (R)S/C/S/C

58

XH5A M4z &3 18%, 2005. 12



dle AAAAE W] FAV FAAAL &&
AAG B FAE 2ade & & AT ol&
$H8E Bol FHEste wo REAA #H9 5
7h S7vete A€ Y dARE B9 54
b ENSE FES WAE FOEA FERE
FAAol wob A F e AL dehdn
5% =

a5l HAHs] Agete '1?%%% AAs7] 4
AM AX= s Hi. ARG AR E
Z9F 0 B} HEAEQ WHoE Fo| HHFAR
TE AQT ¢ = P AN £ d7E
Fotd Bol dAHASE raetd wd, fEe s

wd, APEs, HH3 duelE 59 o A
EESIES _w,ol 2ol A48T 0 wEL 7
xR J15A B f3a
M% E850E Fo @ W HARY
2 T & 7289 FA3

1. Rasmussen, J., "The Structural optimization
system CAQOS'". Structural Optimization, Vol.
2, 1990, pp. 109-115.

2. Bletzinger, K.-U., Reitinger, R., Kimmich, S.
and Ramm, E. Shape optimization with
program CARAT, In Software Systems for
Structural Optimization : endited by Hérnlein,
H. , Schittkowski, K., Int. Series of Numerical
Mathematics, Vol. 110, pp. 97-124. Birkhiuser,
1993.

3. Lee, SJ. and Hinton, E., "Dangers inherited
in shells optimized with linear assumptions",
Computers and Structures, Vol. 78, 2000, pp.
478-486

10.

11.

12.

13.

. Maute K. and Ramm E,,

. Hinton, E., Sienz, J. and Hassani,

Olhoff N., Bendsoe, M.P. and Rasmussen, J.
"On CAD-integrated structural topologyand
design optimization”, Comp. Meth. Appl.
Mech. Eng., Vol. 89,1991, pp. 259-279
"General shape
optimization - an integrated model for topology
and shape optimization", in Proc. of the 1st
World Congress ofStructural and Multidisciplinary
Optimization, edited by Rozvany G.LN., pp.
299-306, Goslar, Germany, 1995

B., "Fully
integrated design optimization for engineering
inProc. of Third International
Conference onComputational Structures Technology

- Advances in Structural Engineering Optimization,
Budapest, Hungary 1996

structures”,

. Farin, G., Curves and surfaces for computer

aided geometric design, Academic Press, San
Diego, 1990

. Anand, V.B., Computer Graphics and Geometric

Modelling for Engineers, John Wiley and
Sons, New York, 1993

. Coons, S.A., Surfaces for Computer-Aided

Design of Space Figures, Mech. Eng. Dept.,
MIT, 1964

AR, ZAT B BAL AER
= 4o} A3, ARFANTE R
1248 A435, 1999, pp. 551-561
Ahmad, S. BM. Irons and Zienkiewicz, O.C.,
"Analysis of thick and thin shell structures

g

A A

r4n e

International
Journal for Numerical Methods in Engineering,
Vol. 2, 1970, pp. 419-451

Lee, S.J., Kanok-Nuchulchai, W, "A nine-

node assumed strain finite element for large

by curved finite elements",

deformation analysis of laminated shells",
International Journal for Numerical Methods
in Engineering, Vol. 42, 1998, pp. 777-798
Haftka RT. and Adelman, HM., "Recent
developments in sensitivity analysis", Structural
Optimization, Vol. 1, 1989, pp. 137-151

59



