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Application of Double Side Approach Method
on Super Elliptical Winkler Plate

Hsiang-Wen Tang, Cheng-Ying Lo

Abstract:

The static behavior of super elliptical Winkler plate with clamped boundary is
analyzed by applying the double side approach method. We use the double side
approach method to solve this problem because of its superior ability on
efficiently treating problems with complex boundary shape. The double side
approach method has the advantages of high accuracy, easy calculation
procedure and less calculation load required. Most important of all, it can give
the error bound of the approximate solution. The numerical results in the given
example show that the double side approach method works well on this problem
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Introduction:

For some engineering problems, the analytic solutions

are impossible to be found, only their approximate

solutions can be obtained

The Method of Weighted Residuals (MWR):

*Assume trial functions with some undetermined
coefficients as the approximate solution

+Substitute this trial function into governing differential
equation-->Residuals will come into existence

» Force residuals to be zero in some average sense

+Attain the desired approximate solution which makes
the residuals smallest or even zero

However, traditional MWR does not allow the accurare

error analysis so the reliable and accurate solutions

can’t be guaranteed

Basic concept of Double Side Approach Method:
Monotonic relation: When the residuals satisfies the
mequality, the corresponding approximate solutions will
have the same relation Ri<Ru<Rn

>u<u<u

We can utilize the residuals of approximate solutions fo

establish the constraints, then upper and lower bounds
of the solution can be obtain

ron ACaag

S WASET :

eem

:%: J%m ﬁ “lé@: National Cheng Kung University

Outline:
When Ru>0 — find minu

Rii <0 — find maxiu ii+il
The best approximare solution: U= T

Problem Formulation:
Elliptical or super elliptical plates on Winkler-type
foundation (the supporting medium is isotropic,
homogeneous, and linear elastic).
Shape function of super ellipse:

e

+—=1
a?n b?n

ellipse (n=1) and rectangle (n=wx)
Governing equation:

[ |
s R . 3332333
o*w &w  S'w kw ¢ L '
— 2—=— + =77 +—=— Example of alastic foundation
oy éX—O_'I-'_ (}\' D D
few —
Viw+ -0

Clamped boundary condition:

ow :
w, =0, —2=w, xCos @+, xsind=0

w: deflection k: foundation stiffness
D: bending stiffness q: external load on surface
For convenience b=¢g=D=k=1
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Double Side Approach Method:

Procedure:

1. Check monotonic relation of the problem

2. Transfer the problem into a mathematical
programming problem using the submethods in MWR.
(Submethods: Subdomain Method)

3. Find the optimal solutions of the established
mathematical programming problem by optimization
method. (Optimization method: Genetic Algorithms, GA)

Basic concept of Double Side Approach Method:
Monotonicity check: _
' OR[w]
o
Rw=V*'w+

satisfy

>0
w—q

Residual :

m
The monotonicity of the biharmonic operator has been

successtully proved (Enache, 2010; Mareno, 2011)

i k“._q = E =0
ow\ D D

Monotonicity holds = The double side approach
method can be applied

a0 AChag,

-]

L, .
iy s
W P

,‘;.,\'&ASE'I ¢ 2%: J%m f; ! lg‘a: National Cheng Kung University

Mathematical Programing Problem:
(Based on Subdomain Method)

. i “.2n 2n N
Try Function: 7, , )= S, [%Jr%_l]
=1 \a

Upper bound Constrains

[ RZ)0] =0

x=0

=0

x=0

[1” R[Z]dv

=0

x=0

R[Z]av

.[i+1.-'f+2

Lower bound Constrains

a1/i+2

[ TR[Z]a| <o
x=0

p 20142

Jl-"f‘+z R [Z]d1_

<0

x=0

<0

1
‘.l‘i—lf’HQR [Z] (.{‘I/‘

Optimization Problem:

Upper bound: user GA to find minimal larger objective
function Z(0.0,C;) with upper bound constrains

Lower bound: Use GA to find maximal smaller objective
function Z(0,0.C;) with lower bound constrains

(D BLAAHBAYT
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0.035
Results and Disscussions: Y ¥Vt upper oo
7 -+ = &=, Gal in's
\ h—k—h 5=1, 1 bound —_—
0.035 n=2 003 20 v—v—v:ﬂ.L:;:rb::m n=4
v ¥ ¥ ¥ a=1upper bound \.§_'\ = - — &2, Galerkin's
B N\ _— — a=1, Galerkin's i \;§ “ ok a=2, lower bound
kY Ah—h—h a=1, lower bound N TR V¥ ¥ a=4, upper bound
ooz 4 \ ¥—¥—¥ a=2, upper bound N — = a=4, Galerkin's
AN — . — as? Calekin's c 0.025 — \‘\ RN Ak 5=4, lower bound
i \\"\\, A& a=2 lower bound 2 L
\\\_‘\‘ W ¥ ¥ a=4, upper bound E 1
al ¥ ¥ Vel
50025 ;\:\ Ak et lower o S o2 v
g . TN ] = v
= - =~
S 002 ~C
: v 0.015 Ta
1 i __‘ - ]
0.015 — T
0.01 == T T T
E 10 20 30 40 50
k
0.01 T T 0.035
10 20 ¥ ¥ ¥ ¥ =1, upper bound
1 =~ — = a=1, Galerkin's
N A—h— 2=, lower bound n=6
0.03 \: \\-\ W% ¥ a=2, upper bound
~ . A N — = &=2, Galerkin's
(,oncl_usmns. . } L A& a2, er bound
Galerkin’s method and the double side approach method O T T eana
- - g 0.025 NN A 4 AFd‘f:v::rbD;d
are used and their numerical results support each other. S PSRN \;\ :
. @ q n ~..
The advantage of the double side approach method on B N T
s : - 0.02 — S - _
dealing with boundary value problems is presented and — el S
the detailed information of static behavior of clamped 1>~y B
super elliptical plates are given. The double side 00157 . |
approach method has high efficiency and gives the 1 e
upper and lower bounds of the approximate solution and 0.01 =TT
10 20 30 40 50

this 1s what other numerical methods are hard to do.
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