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continued to be an interesting research topic in nonlinear mechanics. In this study, two
standard variaticnal iteration algerithms, VIM-1 and VIM-IIl are employed to investigate the
large deformation of the continuum compliant beam under point load. The VIM is an efficient
technique that bypasses the linearization process and proffers solutions to nonlinear
problems. The horizontal and vertical displacements of the continuum compliant cantilever
beam free end are expressed in explicit analytical forms. Numerical experiment and
simulations were carried out to validate the efficacy and applicability of the semi-analytical
e method. The VIM-I was split into two: VIM-I{A) and VIM-I(B). with the difference being the initial
approximations. The results from the VIM-I(A), VIM-I(B) and VIM-IIl algorithms were compared with the experimental
and exact solution. The outcomes reveal that both algorithms correlated well with the analytical solution and
experimental result.
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An Explicit Solution to C C Beam Problem

with Various Variational lteration Algorithms
AKANO Theddeus™"
‘Department of Systems Engineering, University of Lagos, Akoka, 101017, Lagos. Nigeria
‘takano@unilag.edu.ng

geometric nonlinearity. compliant . varialional iteration aigorithms:
continuum mechanics: large deformation

Abstraet. The geometric nonlinesrity resulting from lurge deformation of compliant members has
continued 10 be an intweresting research topic in nonlinear mechanics. Tn this study, two standard
variational iteration algorithms, VIM-I and VIMMT are employed 1o investigate the large
deformation of the continuurn compliant beam under poirt load. The VIM is an efficient technique
that bypasses the linearization process and proffers solutions to nonfincar problems. The horizontal
and ertical displacements of the continuum compliant cantikver beam fice end are expressed in
explicit amiytical forms. Numerical experiment and simulations were carned out to validate the
efficacy and opplicability of the serni-mnalytical method. The VIM- was spht into two: VIM-HA)
and VIMA(B), with the differonce being the initial approximations. The results from the VIM-KA),
VIM-I(B) and VIM-II1 algorithms were compared with the experimental and exact solution. The
outcomes reveal that both algonihms comrelated well with the analytical solution and experimental
result,

Introduction

The compliant mechanism (CM) gins some or all its motion from the deformation of slender
sepiments miher than from relative motion the rigid-body links and joints (1] Despite the
comparative advantage of CMs over their ngid body counterparts, their design 1s complicated by the
Hlexible members. The study of geometric nonkincarities introduced by the lirge deformation in
clastic beams has been a centre of focus for varions researchers over time [2]-{4]. In these
applications, the curvarure is nonlmear. resulting from muterial and geomewy. A nonknear
mathematical model 1 required to capture the matenal and grometrical nonlmearitics resuliing from
nonlinear deflection. As such, analytical approaches are difficult 1o determine the solution of the
resulting formulation. Hence numerical and semi-analytical approximate methods should be
cnployed

A few studies have investigited the nonfinear deformation of beams [2-{4). Atempts by dircet
analytical procedure, mainly through clliptic integrals [SH7] are 100 difficult 1o handie
Pertutbaiion method [8] has been a notable method 1n a solution of nenlincar equations, But, the
method s hased on the cxistence of a small parameter that makes it difficult to develop the
technigue for diverse applications. A number of the earlicr works were focused an the dovelopment
of numerical algorithms (9]-[12) 10 tckle this nonlinear problem. However, the laborious
computational involvement of these methods has deterred rescarchers from using them. Recemly,
some upproximate anslytical solutions are propesed, such s, Adomiun decomposition metbod
(ADM) [11][13][14], homotopy anslysis method (HAM) [4][15)[16], homotopy penurbation
method (HPM) [15], [17}{22], Chebyshev's polynomial approximation method [23] and
differentinl transform method (DTM) [24}-[27). The present stwdy aim at exploring the various
algorithms of varitional iteration method (VIM) in the solution the nonkinear differential equation
resulting from the large deformation of a continuum compliant cantilever beam under point load at
the free.
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