IMPACT: International Journal of Research in e
Engineering & Technology (IMPACT: IJRET) L= IS PSP e
ISSN(E): 2321-8843; ISSN(P): 2347-4599 “ ﬂ [ [L -”'”i{ l
Vol. 3, Issue 6, Jun 2015, 19-28 -
© Impact Journals

POTENTIAL APPLICABILITY OF MESHFREE METHOD

USING LAGRANGE MULTIPLIER

NANDA KISHORE *, MUTHU VIJAY. P 2, BHAVANA PATEL % & K. S. BABUNARAYAN *
L2Department of Civil Engineering, NITK, Surathkalattataka, India
3Research Scholar, Department of Civil Engineeif;K, Surathkal, Karnataka, India

“Proffessor, Department of Civil Engineering, NITByrathkal, Karnataka, India

ABSTRACT

An example has been illustrated to demonstratg@diential application of EFG mesh — free methodheuit the
use of background mesh. MLS procedure is depléyedrive at the shape function. Lagrange Multiplieethod is used
to enforce the boundary condition. An algorithmdshen MATLAB coding is developed to obtain displaest profile

along the length of the 2-D cantilever. The resbliained shows good agreement with the analytalatisn.
KEYWORDS: Mesh-Free Method, Moving Least Square Method, LiaggaMultiplier
INTRODUCTION

All the physical phenomena encountered in engingedre modelled by differential equations. To sailve
differential equations, two major approaches allevieed - Analytical and Numerical. Analytical ap@ah leads to closed-
form solutions and is effective in case of simpd@metry, boundary conditions, loadings and materiaperties. For most
of practical problems where it is not possible & gxact analytical solution, numerical methods lzeing called for.
The various numerical methods available are: FDEMMB FVM, FEM, X-FEM, and Mesh Free Method. Strorggmh
method discretizes and solves the governing difteakequation directly, solution being more acterat nodal points.
Weak form method instead of solving differentialiation of the underlying problem directly; an int&@gfunction that
governs the same physical phenomena is solveditingsgolution in an averaged sensed. This papessga detailed

analysis of a 2D cantilever with a point load &efeend using Mesh Free analysis.
NECESSITY OF MESHFREE METHOD

Though FEM is a robust and thoroughly developedhout and widely used in engineering fields duetso i
versatility for complex geometry and flexibility fanany types of linear and non-linear problems als¢ most practical

engineering problems are currently solved using e&leloped FEM packages, it has lots of drawbacks.

High cost in creating an FEM mesh: An analyst nédedgpend most of his time in creating a qualitysimas the

computer cannot always create a quality mesh.

Remeshing in FEM requires a complex, robust angtagamesh generation processors, which are woekaiuly

for 2D problems.
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Low accuracy of stresses: Since the displacementtifins are piecewise continuous, the stressesnebtan

FEM packages will be discontinuous at the interfaicd won't be accurate.

FEM gives lower bound solution to the exact solutishereas mesh free can produce lower as well psrup

bound solutions.

FDM works well only for regularly distributed nodeStudies are still going on to develop methodsgisi

irregular grids.

The root of these problems is the use of elememtsash in the formulation stage. The idea of gettid of the
elements and meshes in the process of numeriedintemts has naturally evolved, and the conceptsesh free or mesh
less methods have been shaped up. In MeshFree,itheo need to create a quality mesh and the rzaiebe created by
a computer in a much more automated manner, muctheoftime an engineer would spend on conventionashm

generation can be saved. This can translate tdastz cost and time savings in modeling and satioih projects.

MESHFREE METHOD

Itis a method used to establish a system of adgelequations for the whole problem domain withihet use of a
predefined mesh or uses easily generable meshasrinch more flexible or freer manner. It uses ao$dield nodes

scattered within the problem domain as well ontibendaries of domain to represent the problem @rgbiundaries.

The brief procedure is explained in the flow chart

l Geomelry creation ‘

!

‘ Node Generation ]

l

Shape functions based
on nodes m a local
support domain

|

l Discretized system equations ]

MFree method Procedure

v

l Solution for field varables ]

v

‘ Post-processing [

Figure 1: Flow Chart of the MFree Method’s Procedue
In this work shape functions are constructed udlioging Least Square (MLS) method.
MOVING LEAST SQUARES SHAPE FUNCTIONS

The moving least squares (MLS) approximation wasiséel by mathematicians in data fitting and surface

construction (Lancaster and Salkausdas 1981; Gledel993). It can be categorized as a method @fssegpresentation
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of functions. The MLS approximation is now widelgad in Mesh Free methods for constructing Mesh Brempe

functions.
Formulation

Shape function or interpolation of field variabtécides the accuracy of the results. u(x, y) iSthetion of field
variable defined in the domain. If the approximataf u(x, y) at a point is given as uh(x, y), thbe MLS approximation

can written as,
Uh(x) =7 p;(x)a;(x) = p'(X) a(x)

Where p(x,y) is the basis function of the spat@drdinates, and m is the number of the basis fonstiThe basis

function p(x,y) is often built using monomials frahre Pascal triangle to ensure minimum completeness
a(x) is the vector of coefficients given by

a'(x) = { a(x) a(x) ..... an(X)} which are functions of x. The coefficients arcbe obtained by minimizing the
following weighted residual function.

I=ZFW (x —x)[u"(x x) — u(x)]?
=XTW (x —x)[p" (xPalx) —w,]?
WhereW (x — x;) is a weight function, chosen so that to have tiiewling properties
W (x — x;)> 0 within the support domain
W (x — x;) = 0 outside the support domain
W (x — x;)Monotonically decreases from point of interest x
W (x — x,)is sufficient, smooth , especially on the boundary
Exponential weight function is chosen here.

e(ri/“)zri <1
0 T >1

Wix) = {
Whereo=0.3 andyr=d / r,
d; is the distance between point of interest anchtiee considered.

ry is the size of the support domain.

n is the number of nodes in the support domain fifrxwhich theweight functio (x — x;) # 0 and wis the
nodal parameter of u at xgBquation (3.125) is a functional, a weighted realdthat is constructedusing the approximated

values and the nodal parameters of the unknownfiigidtion.

The stationary of J with respect to a(x) gives

6]_0

e
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which leads to,
@' (X) = {@L(X), PoAX), ..., P(X¥)} @y =P (X) * A" (X) * B (X)
Whered(x) is shape function
A(X) = Xi; Wi ()p(x)p™ (x)
B(x) =Xz Wi(x)p(x:)
p(%) = [ 15 %; vi; Xyl
Using Lagrangian multiplier technique the final ation can be obtained as
KU+GL—F=0
G™\ - q = 0, by solving which we can get the finaptiigements of the problem considered.
In matrix form,
[ S1O=()
Ky=JBIDB,
Yrx 0

1= 0 (pl,y
(pl,y (pl,x

GU = 'f NIT(p]TdF
H
H _ b1 0 ]
v [ 0 of

n=[5 u)
K3 — nodal stiffness matrix which is assembled totlgetglobal stiffness matrix (K)
@ — Shape function matrix (for 2 DOF considered).
A - Lagrange multiplier.
N, - Lagrange interpolant used in the conventionaldialement method (FEM).
I" — Element’s essential boundary.
PROBLEM DEFINITION

A 2D cantilever ABCD of dimensions 2500mm * 500msncionsidered. AB is fixed and a load of 40 kN is

applied on free end. The material properties camsidiare, Young’s modulus E = 25000 N/mPRoisson’s’ ratio = 0.15.
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Figure 2: D Cantilever with Point Load at Free End

RESULTS& DISCUSSIONS

Results of Parametric Study

A Parametric study was conducted on different nadatbination by varying the spacing of nodes.Thaescare
distributed in triangulated fashion in all the &lling exercises. The variation of the displacenaong the length of the

cantilever is captured and it is compared with ! solution.

Exercise 1:Nodal spacing = 250 mm (Total number of nodes F 32

Figure 3: Comparison of Mfree Solution with Analytical Solution

Exercise 2:Nodal spacing = 125 mm (Total number of nodes 3) 10
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Figure 4: Comparison of Mfree Solution with Analytical Solution

Exercise 3: Nodal spacing = 100 mm (Total numberaafes = 155)

Magal Epncieg = 100 mm
= T T T T

Figure 5: Comparison of Mfree Solution with Analytical Solution

Exercise 4: Nodal spacing = 62.5 mm (Total numlferooles = 365)
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Figure 6: Comparison of Mfree Solution with Analytical Solution

Exercise 5:Nodal spacing = 50 mm (Total number of nodes =556

——

Figure 7: Comparison of Mfree Solution with Analytical Solution

DISCUSSIONS

It is clear from that above graphs, as the numberodes increases (spacing between the nodes desjethe

accuracy of the result increases.

The displacement at the free end for all the namtakination is taken and compared with analyticaltsan in
the following graph. As the number of nodes insesathe MFree solution moves closer to the analysiclution. In our
problem, while taking for 50 mm nodal spacing 656 nodes) Mfree solution matches almost with theydical solution.

Therfore it is concluded that further increase ades will result only in increasing the computagibtime but not in
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improving the accuracy too much.

Figure 8: Comparison of Mfree Solution with Analytical Solution for the Displacement at Free End

CONCLUSIONS

This procedure doesn’t use any background mesm (&wenodal integration) hence it is a purely meshl

method.
The complexity accompanied with the use of Gausgisdrature is eliminated.
With the increase in number of nodes, Mesh frestgwl approaches analytical solution.

The degree of refinement is fixed by conductingasametric study for different nodal combinationingsthe

output obtained.
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