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Optimum design of compression stiffened panel under buckling constraint using
Gaussian surrogate model
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ARTICLE INFORMATION ABSTRACT

Original Research Paper In the present paper, from the results of an approximation method named structural index that was used
Received 22 March 2016 as the first step, the process of design and optimization of stiffened panel with Gaussian type surrogate
Accepted 01 May 2016 model are carried out. Modeling phase is based on the finite element analyses of the structure. Nonlinear

Available Online 20 June 2016 buckling load is set as the design constraint. The surrogate model is employed to reduce the number of

finite element analyses in the optimization process. Therefore time of design process is reduced. Using

Keywords infill points in the modeling and optimizati to local optima i d
Compression stiffened panel infillpoints in the modeling and optimization process, convergence to local optima is ensured.
Optimization Introducing a novel technique, finding the global optimum of the surrogate model is guaranteed. The
Surrogate model approach of surrogate based optimization is illustrated using two test problems. Also, the sensitivity of
Nonlinear buckling the response to the initial sampling plan is investigated. Convergence criteria usually used in surrogate

Gaussian model based optimization is modified to speed the convergence but does not affect the quality of the response.

Design optimization process is presented for two types of stiffened panels. In type 1 stiffened panel with
4 design variables, the initial training set is constructed using 55 points. The response is obtained after
addition of 5 infill points. For type 2, the initial sampling plan is selected to be 58 points. The
optimization process is stopped after adding 173 infill points. Finally, obtained results are compared
with the results of structural index method and an approach toward global optimum of the compression
stiffened panel is introduced with the characteristics of optimum structure.
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® Reusable Launch Vehicle: RLV

* PANDA2

®Sequential convex programming

®Basic Surrogate Based Optimization: Basic SBO
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Fig. 1 Surrogate based optimization flowchart
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® Radial Basis Functions: RBF
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! Cross-validation

2 Particle swarm optimization

® Sequential Quadratic Programming
4 MATLAB (Version 7)
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are in mm and the objective function (stress) in MPa)
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Table 3 Bounds of the design variables for two types of the stiffened
panel (all dimensions are in mm)

(Al £95) (glaig 0aisS g b oo s i

s o> Oz Jaie il 0> b e
81.6509 68.3140 59.9154 b
2.843 2.3787 2.0863 t
55.6134 48.7762 40.8091 by,
4.8404 4.2453 3.5519 b
Pk dug sl
2.3201 1.7847 1.2493 7 =t,/t
0.9282 0.714 0.4998 1, = by, /b
(© £59) 035 Oam Jb b (s1ais oS gl bond Cugi iy
Vb o> At e sl o e
60.9067 50.9582 44,6933 b
2.5886 2.1658 1.8995 t
58.1013 50.9582 42.6347 b,,
2.4694 2.1658 1.8120 ty
17.9870 15.7756 13.1988 by
1.9942 1.749 1.4633 tr
b g Gladns
2.1125 1.25 0.6125 SR = Ag/Ag
13 1 0.7 T=t,/t

[5] o3l anlid (25, 5 Jool> ange )Lﬁ‘( )

6 o lots 16 0755 1395 55 st AN Adbles Sh bid


www.sid.ir

UblKed 9 5ib)S (F45 0

095 25l Jdw jl oslaiml b iuleS 348 w5 )Lind 0 3ub wagdis iy diwg Sk

1957 1
._F_ ———-P,=1782 N/mm
1522 1

1087

652

Load (N/mm)

217

T T T T T
0.302 0.906 1.51 2.114 2718

Deflection (mm)

Fig. 6 Load-deflection curve for determining nonlinear buckling
load

B e S L et (sl (2ol =955 1903 6 S

Fig. 7 FEM model and the corresponding boundary condition
o) poads Jleel (650 dal 1 g dgamme clil Jow 7SS

@B (020
5 ol bl o s, o sl i g e
Gl el g (3%l Jas 5l ooliul b (g5luaigs ail$ 5 9Bl oo baojls
Jols s anlio 0925l b canl (s00e Dl (o, o sgazee sl5>]
il g BB Sl sanS ISKal wilg cergsos g Lo bs, 50 )
slr 93 2 Gl Jae (hy) 5 ojle anlid i b Sl 4 a2 L
)l J»ol} A d o sloas U‘5"t5° sloads o)‘L\}‘ @l)pu )b' )L\.&A Y
abax>de 6 Joaz ;o ood osle plis mlS ay azgi boo,S anlae |y i, 90
D9y 99 5l Jols B o T 1y sl &ly Jool> polie S 05 o
i 4 b e e ol 4 Llos] jlasl e o yd Sy 5l S
a5 8,5 A lg e Bl oud gl iy sl e leS
el @l b e oslo awliss Ghg) )0 0ol 4 )55 @y 02 Lally,
Om DS B,k sl Slgsen o ol 10 dgaze slixl sl Julow
0Pt ol el wljlSaladle o548 ojle awlils g, 4o dlwss (sl oolu
00iS Cuglti lawgi a5 ol (Sl coles 5 o )5 Sl e e
P Lulps p oanS Cugll Culas 3l ke Spdyee e
cand abais 4] oo aing culis 5 0aiS Cogds olul 4 SNy Ay
(S GiileS ol o5l ol laaw a5 ol )l ojle anlis ig, Ko
50 Al &jgo 4 oaS Sl ahate Kl S g dtwgy Ao (iileS
ol 35,5 a5 pliie SusSe 55y 2 e Hie Sl 5 ead S

6 o leis16 0,55 1395 ) gy pieds e Slle Gwiao

Fig. 5 Geometry design variables of the stiffened panel
00 Cogds iy g_s’ljb Sl o g 4wrin 5 LW

Pl (Ulys 133l cnl ablioa AT alpg el 13810 5 51 oolisal L
Sl 1y uleS s o g (b slaflos

A8 (Gt ks Sylasl (e, (atiee Sl ploxil jslass &
R o A R T
o B fpne glaosl g8y (a8 D g0 a4 b G 5000 oS
o oile almlr )b (o8 Jloel Lvgd oo Jlosh ojlo & (as 2ileS
Ll 5o pbulr =958 bged cuyp b 00 S o0 jolaie almye 2 0
Al e Caws 4, (PaNL) (s o ilaS b e (6 JSC2) ol (20
950 soged sl eslinul b (mileS” (s pd Lo 0 S5e (sla xS 5l (S
Fadsl sloga 1 55 el adyl JSE i (58,5 i )0 0 sl
9 g Blo MalS gt S a5 a5 y90 50 ol oy [10] il s
9 95 w9l el (bt Djgo a9 a8 S I8 L ot adsl ek
S sk 6l (o ol Sl b g asls (o Lo yE (5,18, olml>
o3k asl Akl (28,5 S o (39, 5 ke el alss cess @y (S é
S [10] ojls as eSSl Sk ke jo gl 4 b
oslitwl ooz e (oS Jolod )3 4yl paki Jlos! (1 g o sla g,
[10] wsl oo adsl a5 Glsie 4 (s Jelows 5l ol S o JSC
G el sl 55 el 3Bl SRS o By, ol 51 eolitd
(b leS low plowil g jolaie cpl @ lesl ould dogs (a8
bl olbulr jlade 5 (s AileS Jol e JS2 L Bollas 03l adsl (as
G arg b abel> Jloel wo)s 3580 (rad O] 5l gy Wl
ST ol 5 ooz (538 5l (s 100,50 (et Ay Coalies jiSTas
Tar gl oy b Cule o oebiee plil (S s JloS g ot
305 (oo pshaie ol (s S L (sl (slaie (B JS) (bl
[14]

bl s Sgamme slil aSis o3l 5 (1817 L) cowlio el ol
oo ploul Cladss cw)p mizred (el 43,5 O 50 ol Ken Slallae
Looad Cugh Juo leS (ot pe Sl (59) » liime 500 Lawgs
Sl 0095 e bl pl 10 58 el Sgasee syl l58le 5 5] eolail
4 oloss Joo ols (550 Ll 50 4 lodd (5550 Lyl 25 [15,14,9]
Sl o s laad plod amio | )15 32 g almlr jshate ol
7 552)

! Initial imperfections
2 SHELL181

212


www.sid.ir

Ul 9 5ib)S (F45 0

095 2Rl U3 jl oslaiwl Ly (ileS 3ud w5 )ind 0 3ub agds iy disg b

(Per = 1731 N/MM Lals” plos 53 (350l Joo (s J) ll £55 00 gl by (65l slopls 4 oo
Table 4 Optimization steps for type 1 stiffened panel (P, = 1731 N/mm for surrogate model in all steps)
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Table 5 Optimization steps for type 2 stiffened panel (P, = 1782 N/mm for surrogate model in all steps)
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Table 6 Comparison of the optimum dimensionless ratios obtained
from SBO and structural index methods
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