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Sandwich panel optimization based on yielding and buckling
criteria by using of imperialist competitive algorithm
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*P. O. B. 35139-363, Semnan, Iran. afereidoon@semnan.ac.ir

Abstract- Sandwich panels have high strength to weight ratio because of their special structure. The variables which
are defined for designing sandwich panels should be determined with applying necessary strength and lowest weight. In
this paper, the imperialist competitive algorithm (ICA) has been used for minimizing the weight of a sandwich panel
with prismatic core based on yielding and buckling criteria. ICA is inspired of imperialist competitions and it is based
on two special criteria as recruitment policy and stable imperialist competition. Arrays numbers, core and surface
thickness and panel height are assumed as design variables for decreasing panel weight. The results were shown that
core and surface thickness and the total height of panel has been increased by increasing loading for given number of
arrays. Also the core and surface thickness have been decreased and the total height has been increased by increasing
array number for a determined loading and so panel weight has been decreased. A panel with diamond core has highest
structure efficiency. By comprising the results, it was shown that ICA is so useful and competitive than the other
heuristic algorithms because of direct using of function values and not required to derivation in some problems which
was required to the total optimization.

Keywords: Prismatic Core Sandwich Panel, Lowest Weight, Yielding Criteria, Buckling Criteria, Imperialist Competitive Algorithm.
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2. Probability Density Function (PDF)
3. MATLAB

Ya

Awd (glodgaze B ixe g 00y 5 LS slacl y g faS
piS BLbl s (Bolad jebay anng Jlo jo slaypis &
o e S il e s aill asugs
AL drgh H5iS A S drwgs Sl 53 )9l S S >
25t o2 bogs ol Blr S gy s sy Sandse &
o Bloysss U5 wnwy Sl ;o )55 S)ke 4 opde0
555 e a g oyl o 0p3 Al v 1) (gl

2 Slg &5 gysblal pa g jleninl 2B) Gulid
Bas el Cewd 1 a3 CulBy @08 5 wulian 03 & ad
Sype Tyl Doge 4 il Bds pl ol sales
whond slags)sblal glo; Horeds &5 (me (o 08 (o0
4l (le 1B, Fhns gsbl pl axwgi =)0 sloysiS
ol el Jlozol dpibine gl 5 o0 sl las ysbol oo
2 IS anse ooy 3l wb ol (gysbl el o lawgi bayets
28 e ) T o o5dlo 5 a3 w5 5bol el
N-T-C,=max {T-C,}-T-C, )

5 o Gysblpal U5 ane T -Cp akl, (ol o
il Sysblel ol ead o5y JS anze N T -C,
S ol ezl os o5l 5 aizsa oitls b
:.\Jb.a Cewd 4y (6 5bl yal 12 langl carwgy b o

N T -C,
P, = =12, N, Q)
d>N-T-C,
i=1

185 drwy > j0 gle,enS a5 clls azg Wb

Sl sl colal )bl (s lawy
W s eola sl e slecs,sbl el
J 50 5925 B ol 55 9550 gy 45 2 wiles (popilSe
Lo s sl 2,08 by ol ozl by 1) el 50 dnsss
g e I ¥ o B CO B CUROR VSO e B P B I W VG
a5 el ool eolaiul gl 3l s saas #3086 (g,
Ot 0,0 (658l (Sliwlme anje s, 2hm a4 S
&3P &b ambre 4 bayye obj bid Sldes p3ilSe
B 1) el LS 590 &y, a3 > o a5 Jletsl aex

1.Cumulative Distribution Function (CDF)

£ 6okaid 1V 593 APAY 5 (9 90 S8 (vt


www.SID.ir

Ol g (90 8 amdloge

o g o 0908 wlwl g (gl Bl (6 3lwaiaty

Wl olosw 20l38 b crmo (6,135,0 SG sl cpl ogdle
ol Sy el sl sliie 4 d/l 5d/I
Rgise B bjg SRl 4 e 45 il
ol boead ool lis £OUSS o A b les
wboo ol B H/L il glaal)T 6l 63850 pasls
Ol ogdle oS (6T gl aten 5 4y, LS g el 51 B
i H /L ] 8ass Gl L cmme 635 S sl

R e
x104
30
AN
A
. . . . . . . «104
4 6 8 10 12 14 16 18 20 22
17

(N) bz slaas))]

el oals 00)g] ¥ Jgaz jo /o oY 5 ofo 0 glayl el
Y sz 5 58 DVF] @S 095 slaaige pi o)l @bs
ol 39 co cdline a5 jeb les Cewl ool ouilxS
09,5 Gilwainte s b aslie (2mls 4y (g lonil 28,
g PoH/L A/l A/l slolsges .ol oo, @l )3
oald (L YV U F la o o calie slaayl,T olaws gl o 17
walize gl 4T gl 6 )38 ,L Laslo iol38l b ool ool
5 45, UileS 5 pebed 51 L wbe Glidldc/L g d/

x1073
10
—e— N=]
8 A N=2
N
N
6 4
S
4 A
2 4
0 : : : : : : : : %1074
4 6 8 10 12 14 16 18 20 22
V4

slawi sl T b Lasls cas p (d/]) ag, cules S
(V) dilizes slaay))]

[vf] 313 09,5 g (5 lesin] Culdy (o 5lwaig Gl iy, 5l soel Cawd @ sla el )b g (39 s ls ¥ Jeus

v H/l d./1 d/l o9 11 N
JoVOYYAA /YVERYA /e qFOA ofefYeYYICA
e )-YVA  o[-¥V®  ef---98%  .f--fY.v  PSO \
JAYATYE YOYYAY /- oYYEYA foADVYA - ICA
SAYAYYS  o[YOYYY  «/--YEd  -/--AaVY  PSO
S ATVAY [¥ARVEA ol eBPAY fe¥e¥E. ICA
<[ -AYYA -/-£99Y0 -[---$£Y ./--¥-FFf  PSO .
SAVAIAY VYRV e ABVIY efeegepvy ICA
JOAYAVA Ve oYPE e NSVY  o)e.pe58 PSO
SERAR\(ARVEZN A ATRIERS AZ RV ERS STV S (G S
f[YAAY  c/FATOF o[- ¥\Y o/--YVas  PSO ¢
SADAYTE AYAFYA - VFYY offYov ICA
[ VDAYD NYYYY®  +/--)-d)  -/--fY43  PSO
SfeeBYIF[SAYADAY oo YOFY o NOVYY  ICA
f[eSPAY [-9OYY  +[-.e¥EY  .[--NoYs  PSO \
SLNOYVAY S VAYEAYY o fe e 2EEY o[- -YAVOA ICA [ony
<[+ \OYFAY DAREA A NERE 44| AR RN PSO

£ 8l \W )93 AVAY 45 (95 S5 (owdtian


www.SID.ir

Ol g (90 8 amdloge

o g o 0908 wlwl g (gl Bl (6 3lwaiaty

N=¥ &

N=Y 51l aglloslaws Gialsl b e 20lS L

LS Jo jo oS e obxml 039 50 1) ez JB Liels

b oo rals wig, cul N=A B N=F el

x1074
22

18 20

(N) aleses

%1073

20

18 A
16 A
14 A
12 A
N

10 A

— 7]
PSO [14]
———-ICA

x1074

16 18 20 22

— [7]
PSO [14]
-——-ICA

«1074

A

16 18 20 22

N=A

olawy iol38l b aS 0ed o cdmlie VS o pizen

a b 055 6L GRIB Ly melS g 0y ea)]
bl Al s 5 arg; LeS 5 pebad | ol olaie
ol sl s 5s Gl &5 el )l slass ol 8l G el

20
18
16
14
12

210

(=S )

%1072

x104
22

sl Gl T b et ls o p (H/D) b culs £ S

(N) calizea sloas))]

%1073

18
16
14
12

<1074

<1073

1 — 7] :
PSO [14] 4
—-——- ICA -

1074

12 14 16 18 20
17
N=¥

22

[VE] lecen 5 [V] cogally 15 L (V) calises laas))T slass sl 17,4 ales e o (P) o35 ales analie A JSCi

£ 6okaid 1V 593 APAY 5 (9 90 S8 (vt


www.SID.ir

Ol g (90 8 amdloge

o g o 0908 wlwl g (gl Bl (6 3lwaiaty

L g, g dimd digo Cwlses ol zals |, L o9 )]
AN Gl i IS elis) Jy o els N 23
3 63k e N=F 5o N Gl b as bl 5l asladly
N=F) 52 5 atn b Jb wasood &) 039 oS
S aa b Bl 4 cos g LB Slojle oS gl ls
il e glal]

N=VY wils pohe Lad cysgame azsliz 5T azl
5 by Codgazme e @ aSLl ed Senl o3l (i
Ded oo | Kar asin Jlade SG 4y 55 NV Ll L ogd

oty J= 4 O Glr sl Ny oy sk &
slee)l3t 5 N=F Gl S e W Gla)loges
ol 00 00)51 ) JS...J 5 i

x1073

(o)} 2 [>] ]
1 1 1

al
wn
o]

%1072
20

18 o °
o 17=0.002
16 1 :
14 A °
12 A o

H/

o 17=0.001

N A~ N ®
L L L

0 2 4 6 8 10
N
Fb ali-s

£ 8l \W )93 AVAY 45 (95 S5 (owdtian

2 D] glen 5 IV] cosilly 7L 55 pasls i
L )lorinl 2ol8) ool bl .cunl sul 00,51 A S
039 % 93 2 9 )0 (293 Bl D,5 09 S o Sl b
lodms; agalls ) 4 s (s 50l

N cespd /U gd/l H/L Y sla)loges & JSo 0
S job len ol ond ooyl T = o[ v\ 5 +[-Y &l
A/l asls Sl b ene al,T olass s o] _aseie
al,l sl amiliz Slasb o gl P s H/L dc/1
oS (ugaile Bl aShl glp sl ad s Gl s b
Sl Bl s 0sts WS 5 pdad s i 6,350
b Gl

shas l3l b glyiee peme @SL S sl Iy

%103
24
24
20 4
18 4 o
o 17=10.002
16 1 ° o o o o
> 14 4
12 4
10 4
g 17=0.001
6 4
0 2 4 6 8 10
N
039 wasla -l
x104
30
25 7 Q
20 1
315
O
10 1 o 17=0.002
° o
° o
5 17=0.001
0 r
0 2 4 6 8 10
Wt Caalies

N g LY Glp (V) wlT olaws e BL Cusles g g, Culbes ind Cwlis o)y pasli slo,loges 4 S

Yy


www.SID.ir

Ol g (390 8 camdloge

oy ek 098 (bl (o2 guile Bb (6 3lwaias

0aFLs aneS Jlade sl (Bolai glyzl b iz yo
o (nl A oy 0 1SS okl (Jg 0,85 (s 59
el 5 N=Y gl dsad Glste 4 ol i o
Jsl szl 55 oyl eiS Av adgl Comaz b o/+ VYO
S 4 JISSOY 5l e pgo ll jo 5 1SS DA 1 ey
5] HedS Feadgl Comex (sl oy o a5 Ik
ol ol )0 ) oo Sl cdb @ plAF 1SS o
ks g wdboe b Jlode SO Guoe Bb Sl sbeclex
Lasloo 2l Xen 4 o, slopls slaws (o dal >l oglas
@l Kes 4 (e slopl slaw Lo i b el )b b oS
P SF bl c)y o s sl sl
Sl polie wW)ls (ol Sen S pm g (S A 4 G,
plnl ilwdinte 9 ool a8)F Sl 5o byl ol 6ln
IS ol Kan slologes 5 mli a5 jsb las sl onys
A Jgaz jo oo il o sl polie was o las V-
sl oo b opl sl (ommlin polin

G5 A -0
Sygiiie dhwd (Zmgaile Jb 0y il Wlialinl o
S g oelad 095 bl 2 (850 (sl )35 )L om0 50
Sy90 & lerinl Cold) 10,651 5l eolail L ais g 4y,
A5 Lk sl lae 4l Sl i)l 5 4, 5 A
al,l olows lp 38,6 Sl b oas ols olas ]
‘_gl).; g)'l')" 05)LC MLOGQ wbﬁ‘ H/l 5dc/l cd/l T
de/lsd/l daal)l sloss (iol38l b oopme (6 05,0 SO
Gl N Gl b iy S elis) Jy paals N i
O3 i slaasl)T slass iol38 L oas ol olid gl
£ doall dlasi Gl b petmen e 2alS i
wwe b b g wboe rals )b RIB Gl 4 0sy Gl
L Bb @ oo azg LB slosle SIS lls S (5590
Sheslaal b (I a4 owm, 0 1) g lexinl ol

Yy

sl (LUl easlis (95 4 (2l e lo)loges

Vo S8 0 5 pshailen attes dn Jo 4 ol o

Glez a4 o8 o)l ST slass o 120,65l 06l oo cunliv

ml @ el 5 olae ple ln sl ouw; aige
ol a2l s ol

1,,:(10"
S e - Sl
10% u*;“:
— i
8},
2 . y . ,
0 50 100 150 200
IS
_x10°
15
14‘- ---------- ‘}.‘SJL:Q
330 — o
1(I)0 150 200
IS
3
24x 10
26 e orSilee
—
20}
=Y
14 . . .
0 50 100 150 200

N=¥ &\ﬂ )\)SJ o> ‘}/L;L:o)b}.o.i \e JS.w

£ 6olaid 1V 593 APAY 5 (9 90 S8 (vt


www.SID.ir

Ol g (90 8 amdloge

o g o 0908 wlwl g (gl Bl (6 3lwaiaty

n

swdigo dlo o gylid L cod (598 AY laojle
AY-YY op VAN XY o,leds 4 0,50 ¢ uycto Sl

[7] Valdevit L., Hutchinson J.,, and Evans A.,
“Structurally Optimized Sandwich Panels with
Prismatic Cores”, International Journal of Solids
and Structures, Vol. 41, No. 18-19, 2004, pp.
5105-5124.

[8] Zok F., Waltner S., Wei Z., Rathbun H.,
McMeeking R., and Evans A., “A Protocol for
Characterizing the Structural Performance of
Metallic Sandwich Panels; Application To
Pyramidal Truss Cores”, International Journal of
Solids and Structures, Vol. 41, No. 22-23, 2004, pp.
6249-6271.

[9] Tan X., and Soh A., “Multi-Objective Optimization
of the Sandwich Panels with Prismatic Cores using
Genetic Algorithms”, International Journal of Solids
and Structures, Vol. 44, 2007, pp. 5466-5480.

Omed Olied (gdhae Ghoese uwsdlae 9,8 el

9y bl (5ysiie din b (zmgaile bl (sjluase”

s ol (e pwdigo dlo Molael ol
NYoAR o YA ) 6Ll TV 66 cgie

[I1]Rathbun H. J., Zok F. W., and Evans A. G.
“Strength Optimization of Metallic Sandwich
Panels Subject to Bending”, International Journal
of Solids and Structures, Vol. 42, No. 26, 2005, pp.
6643-6661.

[12]Dorigo M., Maniezzo V., and Colorni A, “The Ant
System: Optimization by a Colony of Cooperating
Agents”, I[EEE Trans. Syst. Man. Cybernet. B, Vol.
26, No. 1, 1996, pp. 29-41.

[13]Hudson C. W., Carruthers J J., and Mark Robinson
A., “Multiple Objective Optimization of Composite
Sandwich Structures for Rail Vehicle Floor Panels”,
Composite Structures, Vol. 92, No. 9, 2010, pp.
2077-2082.

By sy ol pe e Olies DY

8 ol ()5 atin (Zuguile bl (s5loaie”

lianw olSily ¢ igo ;0 (5ilo Jto alzmo M))S 09,5
YFY o ATAR Yo o)l A o0

[15] Atashpaz-Gargari E., Hashemzadeh F., Rajabioun
R.,, and Lucas C., “Colonial Competitive
Algorithm: A Novel Approach for PID Controller
Design in MIMO Distillation Column Process”,
International Journal of Intelligent Computing and
Cybernetics, Vol. 3, No. 1, 2008, pp. 337-55.

[16]Kaveh A., and Talatahari S., “Imperialist
Competitive Algorithm For Engineering Design
Problems”, Asian Journal of Civil Engineering
(Building And Housing), Vol. 11, No. 6, 2010, pp.
675-697.

[17] Aghakhani M., MahdipourJalilian M., Mehdiabadi
M., MahdipourJalilian M., and Karami A.,

£ 8l \W )93 AVAY 45 (95 S5 (owdtian

Jdo ool el e aly lis g sle i
Bl jo i 4 5l pae g 1 polie e solaul
L elsy JbB g asde jlows ab IS s5le aige @ 5L &S

el 5,158 sl o )5S Lo

By ol W

pebed N5 gy
Mt Sloxio 355 1,5 gl
osle JIS>

prkes G5 0y

IS L el T
TR~

&=l -V

[1] Haydn N., Norman A. and Anthony G.,
“Fabrication and Structural Performance of
Periodic Cellular Metal Sandwich Structures”,
Composites Science and Technology, Vol. 63, No.
16,2003, pp. 2331-2343.

[2] Ashby M. F., Evans A. G., Fleck N. A., Gibson L.
J., Hutchinson J. W. and Wadley H N G., Metal
Foams: A Design Guide, Butterworth Heinemann,
Boston, 2000.

[3] Roper C. S., “Multiobjective Optimization for
Design of Multifunctional Sandwich Panel Heat
Pipes with Micro-Architected Truss Cores”,
International Journal of Heat and Fluid Flow, Vol.
32, No. 1, 2011, pp. 239-248.

[4] Wicks N., and Hutchinson J. W., “Optimal Truss
Plates", International Journal of Solids Structures,
Vol. 38, 2001, pp. 5183-6165.

[5] Zok F. W., Rathbun H. J., Wei Z., and Evans A G.,
“Design of Metallic Textile Core Sandwich Panels”,
International Journal of Solids Structures, Vol. 40,
2003, pp. 5707-5722.

5 dd digp b e sbliw (sl cBL) [#]

AR}


www.SID.ir

Ol g (90 8 amdloge

o g o 0908 wlwl g (gl Bl (6 3lwaiaty

Structures”, European Journal of Scientific Research,
Vol. 55, No. 2,2011, pp. 174-187.

[21]Mozafari H., Abdi B., and Ayob A., “Optimization
of Composite Plates Based on Imperialist
Competitive Algorithm”, International Journal on
Computer Science and Engineering (IJCSE), Vol. 2,
No. 9, 2010, pp. 2816-2819.

[22]Gu S., Lu T., and Evans A., “On the Design of Two-
Dimensional Cellular Metals for Combined Heat
Dissipation and Structural Load Capacity”, Int. J.
Heat Mass Transfer, Vol. 44,2001, pp. 2163-2175.

[23] Atashpaz-Gargari E. and Lucas C., “Imperialist
Competitive ~ Algorithm: an  Algorithm for
Optimization Inspired by Imperialistic
Competition”, In: IEEE Congress on Evolutionary
Computation, Singapore, 2007, pp. 4661-4667.

[24]Khabbazi A., Atashpaz-Gargari E. and Lucas C.,.

“Imperialist Competitive Algorithm for Minimum
Bit Error Rate Beamforming”, Int. J. Bio-Inspired
Computation, Vol. 1, No. 1-2, 2009, pp. 125-133.

Yo

“Application of Imperialist Competitive Algorithm
in Optimizing the Width of Heat Affected Zone in
GMAW  Process”, International Journal of
Modeling and Optimization, Vol. 1, No. 3, 2011, pp.
221-225.

[18]Jam J. E., Kamarian S., and Pourasghar A.,
“Application of ICA and ANN for Optimization of
Functionally Graded Conical Shells”, International
Journal of Emerging Trends in Engineering and
Development, Vol. 5, No. 2, 2012, pp. 171-189.

UL i et e plaas i s 1

By gy 5l esliiul b oojle slac gile agy CunBye

i dle Ml ol sgame olall 5 (s lasiad
D=0+ oie YA Folads AT 0568 ¢yl il

[20] Abdi B., Mozafari H., Ayob A., and Kohandel R.,
“Imperialist ~Competitive = Algorithm and its
Application in Optimization of Laminated Composite

£ 6okaid 1V 593 APAY 5 (9 90 S8 (vt


www.SID.ir

