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ARTICLE INFORMATION ABSTRACT

In this paper, a new inverse method has been presented for identifying the distribution of material
properties and volume fraction index of rectangular functionally graded (FG) material plates. This
method benefits from vibration analysis of FG plates accompanied by a novel and efficient meta-
heuristic optimization algorithm called Drops Contact Optimization (DCO) algorithm, being proposed
for the first time in this article. The presented algorithm relies on the initial population and mimics the
behavior of water drops in different level of contacting successively with a fluid surface. Through using
the second shear deformation theory and applying the Hamilton principle, the motion equations are
derived and, subsequently, the natural frequencies of the considered FG plates are obtained. The
outcomes relevant to considered different material phases and various length to thickness ratios are
achieved and compared with those available in the literature. Making a comparative study of the
obtained results with five well-known optimization algorithms confirms that the proposed DCO
algorithm produces better performance in convergent speed and accurate characterization of FG
materials.
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Fig. 3 Rising drop after a collision with fluid surface [22]
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Fig. 4 The schematic of algorithm procedure
o ,o5 el o je Sl 4SS

Lo S e el gamiin olpe (s 5 95isn ouplly g (slid
a5l ol o b ailoas slonl Lad ples (o Lo & adgl bla aSiyl 4y axg5
09 g0 G S gl o A bl o Ool:..é‘ |a|¢

@ aalsl o 5018 392y St (0l &8 ln 8 65N (keSS b
Sy il ol gy 4 Jodis

o ye5dl 50 oolasiw! 8590 tulg,-1-1-3

abol, &yg0 4 u] GE..; 9O Tge 03 Sloul e s (gl 00l &Sl Jge )8
123] wsb e (20)

. /% (20)

e s Jew Gos 0 igney (IS Qs G Ggb alal, o oS
ol onilor Jlow s & 05k 3,955 5l Jol> zgs Jsb 5 )55
€85 5 e 2 bawgte O ee 5 (979.81) JTow) Lals o allss
el o0l

il e (21) alaly & yg0 4 adgl |l (o651 plosl slocl o
1= %(Ub —Lb) (21)

Gz pyzmen @b Lulyd 4 aily o5 Wil gpiie T piie
o ol 500 60)lge 5 Sl gl L ojkad 0 )95 sl dama L3S oo
Mo Gy (9278 Do 40l Con gl culpd al sl s @
alaly )0 cpizmed cail oo 10 ol dlis cpl 10 oo (5,135 sl s 4
il o b e LB 5 UD oo by o 5 &5 0omls 5 Y 550 (21)

awlS o,kad (65,3l 5l (g lake YU Cos @) 0,kad o)lgs LUy 2 o
Slp Vb 4 jieS o)l gam JISS )0 3580 Sl 5090 (nl 5 00
ol ol sl zge Job Jhow ghaw b oykad 3,55 5 o 0 Liomis 135
RIS Sl ezmen g Jalse 4 05kl (655 rals ol walss
e g Solol 950 Jlw (o (285 08 JB b JBs
il gyl allie ol alogs 51 a8 58 Sy 0,0l g 0,k

A 50 (22) alal, silae 098 0 olml al> o 13 &S oo Job

6 0 lots 16 0755 1395 )5 sish ysinn ASHICb T


www.sid.ir

Sl $31 0 Joxo 9 podg A3 ewwld Seal

ulﬁhhu‘shé)guu_n)mclﬁg._ﬁmﬂl ._ul,.v" ‘-_.1)',3 2wl (sl e bbbl )l Slso 3 (298 S)bwdingg Suiss

amio SVl Culgd 50,51 Candy (gl 05 o plmil 0lKiulesl 5l oas
1335 oo iy 525 (26) alaly ©)90 0 Gai ol 50 & ABl e
n
= (@- ) (26)
i=1
0dds dle sl WilS B W 5 2isle;l sla S B w; o] jo oS
b o dlS 3 slaws Byae o N oakal, cpl o cl go0e Jo
b.v.u.la u..,..lS)s ) as @L’UT )l 9 J.wl.lu;o ‘fal;u) O] )‘ R uL’w‘
il e 5 ply (26) alal, ;o N Jlads col oo 33,5 Lai jo ol
Yo o ouds &l slaosgase gy b el jo a5 A;)_.fu,o BUSINS R
Sygo 4 2 g5 oole sl 9 (27) alal, &g 4 1 g4 0ole (sl aliee
30 < E)(GPa) <100
110 < E;(GPa) < 170
1000 < py, < 3000
1500 < p < 3500
0<n<20 (27)
30 < Ey(GPa) < 100
110 < E-(GPa) < 500
1000 < p,, < 3000

2000 < p. < 4000
0<n<?20 (28)

Jo e 981-3-3

@l g8 0 aods jsb 4 olirin (eSas J> wiu sl slrl Wy
Jol sk GuilS 5 51 oolial b ozl ol ond azalis Lagls
Gy Sl olym iyl 1) oyt gy 18 o el
Omes ka3 9,55 1 w98l Gl (Dol job 4 Sl 5590 (jeeals
Ol o et )l (g, 65 Ly oleS Gl S a G 00 5 (o0
Slaslio ool o 098 0 aiBls y goae Jgl w5 8 ailowe & Gubow
Jis 4 45 9.5 o S50 oS35 T i s B0 dinlome LuilS )5 e
ainS o ol e & 355 ol Saiye b B 6 ) 51
sk oo bl oles il Glsie a4y odel Canay (SO sl oy 31 e0s
4255 b s olyt g odliaid 5 s jliat o8l 0 )lgd D jgoinl 28 5o
S wbee ashsl Gloy b wigy cnl 9 oo S8 3595 5 vt ,oSl &
00,5 dieS ool iy ya5 068 sls I L Boa s

(PR Jlis! 9 gl -4
ki Olas Slils )l 5,855 Ghg,y 5l eolaul b ol i () po
355 0 1R o 3590 Jolo gl Cone

SrS 5 AL g Gy 6l ool Cawds sl uils 5 5l ool b ¢ o
Slylad 3555 5 o ys8l ilwaine Ry ool 2 soleitin gSae 05
plas 0gd oo aiBlo gy cpl 0,Sles bl s Sl¥l Culgd s @
B @i Rsels 3y9 S ol wlils )| Jolos slis pr Jol> b
1 Jgaz bl 5 o] Slasein a5 00,5 o @l Sl oole g4 50 b
il

0Ll izmen g olal a5l amans byll ol cls aw aelsl o
il e oamlive 5 2 Jour 45 VLl a5 Cenl s 5l oolo

6 o leis16 0,55 1395 ) gy pieds 30 Sulle Swiao

OS] 51,005 o dunlio |3 al> o Ulax b al> 5o 12 48 odel Caws 4
e ool dalys Fy Ol 2wl i (6) catin Jlade 5l Gl g0
€ yoll i ol aales bge Ol 20 Olles Gl Oygo ol
Wl ool dlie Jo 50 5Ls 090 <o g allae g5 4 (St
(25) alal, &g 4 o 2l lyzl by ol oais 4285 L e =05
(Best Fitness) i,1 — (Best Fitness) ; > & (25)
(Best Fitness)iv1 3 J8 1,5 Jlade oy, (Best Fitness); a5

il e @)l LSS Hlade o e

5 5555 3 951 gl 313
Sygo A g Cound qu 5 aods S0 & o 0ol C).u.l J>|J.4 ﬁLoS
il e 6 IS 50 oad ooly las &l gls

Gliy #95xe (09 8 ,Shos -2-3
Iy g JE> 93 SV el go bt Al pl o (b sle e
Iy Jotome gy g9 0 a5 Al oo 38 g Sl p 5B (Gl (somm oo
.Mésa LSM;

SrSolul b sl iS58 )b 5l ( Sl sle el )by arseds

Generate initial drops and
make contact with surface

v

Find the value of best initial objective
function and generate radius from the
point of the best solution

v

Generate a search population over
the resulting radius

A 4

Differences
between the last
two solutions
<&

Start water-crown
procedure

Update next radius and
search population -

Iteration
<
Max iteration

Yes

Display results

Fig. 6 Drops contact algorithm flowchart
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Fig. 7 Flowchart of the presented inverse algorithm
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Table 1 Elastic constants of functionally graded composite plate for the
two types of material selection
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Table 5 Inverse obtaining the elastic constants for FGM type 1 based e
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Fig. 10 Comparison of convergence rate of 6 optimization algorithms
for material type 1 and state 111
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