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A Study on the Evaluation of Dynamic Characteristics of the
Optmized Shells

ol & A*. 7 & g
Lee, Sang-Jin * Kim, Ha-Ryong

ABSTRACT

This paper provides the results on the evaluation of dynamic characteristics of the optimized shells.
Five fundamental technologies such as computer-aided geometric design, automatic mesh generation,
shell finite element, design sensitivity analysis and shell optimization process, are used for shell
optimization maximizing the fundamental natural frequency. A dome shell is adopted for the shell shape
optimization and the dynamic characteristic of the optimized shell such as the variation of natural
frequencies is then investigated From the investigation, more constraint functions related to shell
natural frequencies is necessarily required to effectively control dynamic characteristics of the optimized
shells.

Keywords: Shell, Shape, Optimizations, Dynamic Characteristic, Frequency, Maximization.

1.MB

4e St YRABAA £3] & 5 Sle A5R, 54, AFEY E, UILT2 54 o] g4I F
g BolollM W9 AHHR o 4L BUREE B8 dYo] A¥she E&FHo|a AR TRAL
dog g FRA2dd vHA duFes PEa go v$ Fed o4H F2IHeE A4HT
itk 2719 4 FREL gHRHose £33 Yo BUAAY U FE2 27H I EY] 4]
¥ gtk 2y H3 BEvh REAn A2 Y 4e el Y] A4 FYstn 58
d FAHY =78 422 A HUdh dSel 4 F2EC /AR e 9Hd YHE 483 BN T
4 4AFE Fosty] Asta HEHd 4A A4 AR E ANA drh FHFHIH =UOR o
HAE ANPFe e Bol S oH o E&FHola qFd Je d T2ES dA] Aste] 49 HF
Brige) g A4F3AA A7 43 ATHI o A2 49 3HEE R ARLEELE o8dd o
B4€ ZAsed 489 JAAEE AAT b QA olg A8t A FREY] dYAUAG nHIF
FE H28 BE HUSY o dehte 49 g3 diste] A £4% b o 2y HHgE 4 7=

* F5 - AU AFFEY 24 E-amil' lee@gnu.ackr

s A Y - ARNGE AZ T Bt AT

9. Analysis and Design of Shell Structures_341

23 =28



B9 224 B4 wdld gig dF &5L v$ Hh(lee & Hinton, 2000). ©}2tA £ AFAE 78181
29 vges Jigy AAHANES o] 43l AHE & T2EY FEA W] dise EHda
2 4948 7lestaA g,

2. o] §Y HEpY

49 4 AFF3p7] A¢ A A 49 FHE V1A 2= BHI}E Aotk A 49 §
HE B8 & g 718893 2de F(Coons)®] ZZH(Coons, 1964), A o (Bezier) F9, wj2Fel
(B-spline) %% 123 NURBS(Anand, 1993)7} lth. olg|& 7jaiat#el de fo8se] APE 33
o[ 8% A% e 7IGYAY EASHTY F2EC| UIHE BT HARTE T2 d3 ddHe=
sk ALHde EAE @7 H4E & . 28y A F2ES 9 HEY 7Sy 2dE A
e A= FASAT AP o2 AAGaA e 4 FEEY ALl Hold A 2de A
31 olE JFHoE Adse Ao Ya¥ Aos venth EadME Jde &4 E BEFla ¢
g0z HaYy dct EIE A 29 2A4WE o83 4o UL B

3. e ¥ Y £4A XS Y

49 73184 2do] YYHA o] 7)3EH RdH ] fFRass} e4AHY FAE AT JY34A €

A8 FAE B8] AAAE 715 2EE o83 FRarEHY T $E2 B AL
dtH oz AAoRT. T4 EEE YehilE 7|3%A 2dd 383 F84E AYse e 7]
Sed 2de Y49 9 2xid FRd AT feesde FARSE 294 AP Holgh odf WA
A AR F9 2ol 49 T4 EEE Jehie J8HY 2dg YAsied ojfH1 IFHLRE
o] 71854 A o] fdtd fELAAHY T FA %E& ATAA A drh

HHE ARH o2 FY3lr] AFA A9 YA} FA W] ©0E AKAFFE A% AdstioF &
. & d7dME MHYE=E vEes |E¥ Reissner-Mindlin(RM) EH3d8i(lee & Kanok-
Nuchulchai , 1998)& ¥ #3to] A 7IX¢] ttg 79 4 F¥84(Lee & Han, 200)& HHHOE 0|43}
o 49 AFIAFFE ANSAT 49 T{HATFE AN A8 FE2IHTHEU(Hughes, 19811 9]
43 ed Z fEatd @ AKAFAY B 45 FLE(Lee, Han, 2000)€ F3te] A58 vt
i

5. BiZt=Edy
HAGAAE 71989 AT F8H L2 J3 UAx 4o MY (Haftka, 1989, Lund, 1994)°] B

ol AR givt WHEE A7) AF FHFAAE ANA Y, F ANF V1, FIARE A AR
o HHog FFEY ARAEE FYPde 4 TRELS AH8APAHEE AA okt e LRAEAE

34.2_9. Analysis and Design of Shell Structures



Jsietial =2

=&84A €4

K® = AM®P ¢}

A7A Ae B3 & o)FE AAY A4 APdo)n ML AA AFYL L i 12 DHYEss I
Sde A5 388 Z4NE IEE Fudgolt, E d7dqA )Y e BEFNGEYE o] 43y
F& 4 ol REFNNEYE ot ¥ b TH g AANAEE S Zo| & & YUt

N _ O (0K/s; ~— aM/Bs ), )¢ ©)
ds; Tr#s
i & M,

SA7HAZ A =P hEe] e ol T thErd 4 At

/. _1_¢3[2_K - Q;_QJ_VL}@ ®

= % 3
3s; 2w, 5 ds;

A A49ET AFPLe 2% Ao L2WAZ ANHE £ Ao ARAT 4TLLRN g
AANZE NAL $UNNTY T FEBEY AFALY AAEF) OGP WE RS T ¥
o W} Aed vist o) A VI WAEHAYYe R Yol

6. HXAUENFe|
FAJEAE I FEEok] FEle] dvtdos dgy e FFHo2 A9 € 4 gk
)
Subjected to g;(s) < 0,j=1,m
)

h(8)<0,k=1,¢

si<s; < sti=1,ndv 4

A7 st HAEFAHL, g(5)E FART, g(s)E FEAGGFIL, rls)e TAGTTFY s %
sie A AARSFIL 1 F e SEET FUROIY ndve HHB0] AL AA AARSFY FE Y
gt & d7AE 49 af3%F wE FHETE HYSAT F2EY 27 9 g V& Ag=xy
22 AT HAgE FP) H3td =202 DoT(DoT, 1996)94 A Fshe £33 ZaadgdF
3114¢] Sequential Quadratic Programming (SQP)& °|-&-313ith.

7. #e] H¥3at qr

B 7oA AAE 713eHe Zdg o] 8% 49 HHe ded Ze U T Y 7R Qe A

9. Analysis and Design of Shell Structures_343



. '

1) 3=st 28 Fof: 49 27935 FA9 E2g F9 249 AHEsto Fdth HANSY o)
F83 oFHHA EF o] BAAN AP fELHNE A dFH FAzE T& SHY

2 RetraYe XEYY: A 38AA HHE R8s ATAAY7IE AHSStd A DA Aed 78
3 2o fEerdd 440 AAvEgdadel 4348 A4E APde 7HeL
(Crook, Hoe, Hinton and Stagg, 1984)% H|7#4 84%(Peiro, 1989)& EF AHEE 4 Sl

3) RERAHA: A 4hoM dFE AR’ALE A 8L HYE € o AN FAHFS
dFate 49 LAATT AgHrs ddd 49 FH& Ade.

4) gz 9= 4L dAEse Wyt T2EY AFAFF A 4% A=E Fodse
Aot B d7dMe EM4EE AH3 ANAEE At

5 HEuAM: V= HHAM ALE 74 dfd A AANAE=RE JH{HE A4 HH3hkol
73 A 973 2)-5)H3& HEP.

8. HEstolA

o] AolMt £Y 4¢ ¥4 AFANUE Y 1/4¢ BFY] 98 559 B9 2Zo= 7Y 7%
BAQ 2dE ASSAT. HHAE A% AYE FYAAETE FolR gol N BF dASALH
I AT 28 19 A8 b 2 4 FREY] SRt FANFLR Y Aoz MR A
stol AHE ABRSHAE @YASY Zodust 42 E=32x 10%Nm*} =030k 49 FAE
A Aol X FYF FA b= 025mE JHAE Aoz P

a8 1 58 do gan dAHHS

aeln 49 BAREH vEREY HAEL R =25m, B=1molth & AFAME 53 Z7] &
Al 7HA9Y frE8i(lee & Han, 200D)& ©]-§3ta Ao g ZHE Y3 AHAHE 93
SQPE °l&3utt. A5 AL Fie TRV UE FHLLE ALANE BE ZE2HE HHYYo| 2
¥ 2(a),b)c)e] EAE vis} Zo] @orn ole FEAY T2 HYIYE 0|48 B¢ dFAALY o
A BEste HHY HE 2538 F e 7] dde AE veidn

ol TL FULLE AHLAUHRE 27|V E BEA] BEHo}k ste FAGEFS 27FAEY }e
& A & BEAdErE AT A TAY & e FeE dEit F32 39 2D 3
e 1R pEg AL #& /M & QA ¢ FEANETE ALAIAT T Y@L 2R RE
FAE Aoz Yeikt. G HAgE £98 Foe T JRF o] ol AgxA e BE5=

34.4._9. Analysis and Design of Shell Structures



FALAY AR ¥A BN AA o]8E €aUt v A& HEG.

(b)

Jsrauie) ==

@

O3 2 def A (o) SHoFET AQIRE 0|8, (b) SHET ASL9R4 0],
(c) ¥ AEtT2 ANSIR4 0I8, ([d) F-EHfE+2t ASLI0IE

o] JAA ol4d £ 49 THIELRL §ER20 254 Pa} FDEH(Lee & Han, 2001)0] Fof
A glov 2/|RMFE V,=158m*o|th. AAB] o] 48 MAWSE 27 g} T4UY 2n $¥aL
o E59 AgzA0 Be YRS E 19 FPsAh

B 1 &7 dAHua @ FvsE SHEsU
i ] ¢ st st | LAGe | ASLY | ANSO | ASLe’
1 | 4500| 2.500 | 6.50 | 4.201 | 4.605|3.786| 3.954
2 | 7.150) 2.000) 11.0 | 8.740 |5.200|3.002| 3.262
3 | 8.800| 4.500 | 14.0 | 4.500 |4.500|6.834] 4.500
4 | 0.800| 6.500 | 14.0 | 10.15 |7.204|0.020{ 9.261
5 1 0.025| 0.004| 0.05 | 0.050 |0.028|0.029] 0.028
w(s)| - - - | 4.00s {3807 |6.768] 6.692

AFF AL ¢ F AU

9. @@

900 &

«©
§=1
o

3
<Q
T

ey inigiaal shape

o~ : e Optimum shay
S 600 v pe
% k
% 500 &
2 L ;
2 E ;
400 |- /
g F ,
He L
300 7
: (f
200 |-
r s R
00l T
¢ ot b it i o | 1
0‘l 2 4
mode

38 3 7] & AFsE Fo MES BExuD
38 32 F% 4 ASI9E ol 83te] HNE Ao s} AHe F2EY JAvs EES HH3 Fo

[T £XE ¥zdy =ARg AXger] A9 48 a2 g7 IAE 2FE Fksks ¢d 34

BE 33 HHs7T o|FojA AS 49 AFF HEE AWEYE INE=9 AFFUE AUsd 7Rud

E d7dAEe 718tAe 2dE AHgate] 49 I/3FSE AUSE £ e AAEL o8] §
B A& FA3sia AH3E 49 FHEANE A BYATh HHAE FIe] 49 D/AFFE FusE
Rt sate] AFFrt 7R RAFTFA H2ohe @S 3en o e AFFd F2Eo| AW
He @302 vnd F A Aoz dddEd WA J2IRAESE Adssie A9 AS

9. Analysis and Design of Shell Structures_34<5



DANESTL R THAES AAAAE Qe BARAY 2Aa] A% AGzAE =95 Rl ¥
24¢ soe Amdn

zMel 2
2 A7E $LAFAT HESTA AWNYE Foid olgolzen ol =YY,

gagps

Ahmad, S. BM. Irons and Zienkiewicz, O.C. (1970) Analysis of thick and thin shell sfructures by
curved finite elements, International Journal for Numerical Methods in Engineering, pp. 419-451

Anand, V.B. (1993) Computer Graphics and Geometric Modelling for Engineers, John Wiley and Sons,
New York

Coons, S.A. (1964) Surfaces for Computer-Aided Design of Space Figures, Mech. Eng. Dept, MIT

Crook, A.JL. Hoe, Y.C, Hinton, E. and K.G. Stagg. (1984) User guide to the Gold suite o
programs, Report no. C/R/490/84a, Dept. of Civil. Eng., University of Wales, Swansea, August

DOT manual (1996), VMA Engineering, Colorado

Haftka R.T. and Adelman, HM. (1989) Recent developments in sensitivity analysis, Structural
Optimization, pp. 137-151

- Hughes, T.JR. (1987) The finite element method-Linear static and dyramic finite element analysis,

Pren- tice Hall, New Jersey

Lee, S.J. Kanok-Nuchulchai, W. (1998) A nine-node assumed strain finite element for large
deformation analysis of laminated shells, International Journal for Numerical Methods in
Engineering, pp. TT7-798 ’ '

Lee, S.J and Han, SE. (2001) Free vibration analysis of plates and shells with a nine-node assumed
natural degerated shell element, Journal of Sound and Vibration, pp. 606-633

Lee, S.J. and Hinton, E. (2000) Dangers inherited in shells optimized with linear assumptions,

Computers & Structures, pp. 478486
Lund, E. Finite element based design densitivity analysis and optimization, Special report no. 239, Alborg
University, 1994

- Peiro, J. A finite element procedure for the solution of euler equations on unstructured meshes, Ph.D.

thesis, C/PH/126/89, Dept. of Civil Eng., University of Wales, Swansea.

Zienkiewicz, O.C. and Campbell, J.S. (1973) Shape optimization and seguential linear prograrmming, in
Optimum structural design, edited by RH. Gallagher and O.C. Zienkiewicz, Chapter 7, John Wiely,
Chichester

' 34.6_9. Analysis and Design of Shell Structures



