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Developing homotopy perturbation method to investigate the nonlinear
vibration of a Porous FG-Beam subjected to the external excitation
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In this paper large amplitude vibration analysis of a porous FG-beam rested on a Winkler foundation and
subjected to a harmonic loading is analytically investigated. The material properties of the porous FG
beam are assumed to vary continuously according to a simple power law. Employing Von Karman’s
geometric nonlinearity, implementing the Galerkin’s method and assuming doubly clamped immovable
end boundary conditions, the governing nonlinear partial differential equation is reduced to a nonlinear
ODE. Because of the large coefficient of the nonlinear term and due to existence of the external harmonic
loading effect, none of the traditional perturbation methods leads to a valid solution. So, in order to solve
this nonlinear nonhomogenous equation, the modified homotopy perturbation method is developed and it
is called developed homotopy perturbation method (DHPM). For validating, the time response results
obtained by DHPM and numerical methods are compared for various values of excitation amplitudes and
frequencies. The increasing of nonlinear frequency obtained by DHPM with those of existence literature
revealed a good agreement with a desired accuracy. Finally, the frequency response curves are presented
for different values of volume fraction exponent together with porous volume fraction and the effects of
nonlinearities on the frequency response curves are discussed in detail
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Fig. 1 Schematic of a porous FG-beam subjected to the external
excitation and rested on a Winkler foundation
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Fig. 3 Comparison the time response function of the porous FG-beam
via DHPM and RK45 for the time interval 69 to 77
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Fig. 4 Comparison the time response function of the porous FG-beam
via DHPM and RK45 near the resonance point (beating phenomena)

i Fyegn ~ ALzl g, 5l e (ool e 3 o el alie 4 JSCB
(Olyd o8) by, alaki S0 3 RKAS (gous o 5 ardlianns

Jse (Wb gy p G WS SRl Ol S SIS
L T=005 il @ Moy o » &Bly SSgajla b Cob 10,5 5o
S5 ey 5 (aBbanng (g gigegn —lalasdl (bg)) yol> Jo 5l eolial
3 ed oo oanlin 4T 4igS len el 485 )18 anslie 090 Ol s
o & Se3p b ) 99 2 5l Jo @l (SesS )] slaasels
b e 2 Gl e ipitans (Bl aels (2l b asl o
e 5l GeShe By 99 5l Jo @l &Sl ped ibior IR S
> wae Ghgy 50 g (e G IR Gl 008 (e Aol
S o S ISE s adloe Dl 1SS ) 5l S ol
o Sy90 3 bt b (W3 I Gl g9, ASug
ol 38l e wgd oo cwlie 45T weT len Lowl a3 S 13
@ e o ISy s (e o b S S 5 Sl
Gl lsme caials Gl b Sy p 5l patie i s 1))
S Sl atls JLT IS8 0 koo MBI 8 s ped I8
b 2 R Ol 9, SRR (b e 5 e
oAt 595 de JSB 50 S bl A S 15 )y 9590 25 (oSl
oS b canfins S 55 s b GulS 5 5 e 45 095 e
o2 S Gl atlh Gl @ prien ) 15 e S Sl

913

[21] (s g0 5 sazms LS5 (sl (lools olss 1 Jgas
Table 1 Material properties of the FG-beam [21]
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Table 2 Geometrical properties of the FG-beam [21]
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Table 3 Frequency ratio, @y /a_ , of the porous FG-beam on a
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Fig. 2 Comparison the time response function of the porous FG-beam
via DHPM and RK45 for the time interval 0 to 100

iesesr ~olalazel g, 5l Jodie (ol s i Gloj gl dmslie 2 SIS
100 G0 o3l ,0 RKAS soue > g atibasuss



Sl e vy 9 Sl S g

ety pue lblei)l Sw) y ) skie & (59390 90— bbbl (b3 dsw g3

0 0.05 0.1 0.15 0.2

Fig. 7 The effect of power exponent of volume fraction on the

increasing nonlinear frequency for T'=0.05 via present method
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Fig. 8 Frequency response curve of the porous FG-beam for various
values of the porosity volume fraction using present method (DHPM)
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Fig. 9 Frequency response curve of the porous FG-beam for various
values of the power exponent of volume fraction using present method
(DHPM)
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Fig. 5 Comparison of the increasing of nonlinear frequency for
I'=0.05 via present method (DHPM) and VIM
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increasing of nonlinear frequency for I'=0.05 via present method
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