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Abstract — Department of Mechanics and Department of

Mechanics of Materials of VSB- TUO, Faculty of The solution is critical finding coefficierit The matrix is not
Mechanical Engineering supports study program “Appled depend of displacement.

Mechanics” for bachelor, master and doctoral study

One of the study part is “Computing Mechanics”. It

means applications of numerical methods and finite NON-LINEAR SOLUTION

element methods in mechanics. Students of this

specialisation study problem of linear buckling andthe First step — shape function [NZJ for bar element. Bar
basement of the non-linear buckling. This paper aopares

the results of exact method with Newton-Raphson meods ~ €lement with coordinate system is on Fig. 1.

on simple example.

Index Terms: Students, FEM, buckling, linear and non-linear - T
theory. : /
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Students of the specialisation Applied Mechanicadt x4
classical linear buckling theory. They study finidéement n 13
method (FEM) too. They are able to use program ANVt Lo

it is necessary them to know the basement and tirees” of
FEM — it means shape function, equation assembly €hey
study the basement of the non-linear buckling. sltvery Fig. 1
important to show them the result of non-linear khng and
result obtained by “Exact methods” for simple exémand
compare it. This access shows them the “possitiitynath”
(see example no. 1).

The shape function |_N(J is

If the exact solution is not achievable (not so men r,
examples), it is possible to obtain equilibrium tpaby r 1(1—5); 0 1(1+ &), 0 r
“modified” Arc-length methods. For this examplagtnew {rf}:{ xf}: 2 1 2 1 2L= [N}
programme in MATLAB has been created (see exampl2)n Fye 0 E(l-f): 0 “@+8)||%

LINEAR SOLUTION
In linear theory, the solution is solving using #uations
[K]+A[Ke[HR }={0}
def[K]+A[K, ]]=0
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Potential energy of deformation U is:



u ——{ R [ kH{R} @ |
Fig. 2

The flrst derivation of potential energy gives the secant X2 = 2500 mm, Y2 = 25 mm, E.Ao =50 MN

stiffness matrixl kJ and internal load vectc{rb}
The result obtained by “Exact methods” and by Newto

ou ([ T 6[ k]] _ Raphson methods in shown in Fig. 3
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The derivation of internal load vector{b} gives tangent I R s &
stiffness matrix[ k] P -
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On the base of the valid Greens equations forrstrai
Es = 004 (large displacement but small strain) the problem
was deduction of the all three types of non-linetiffness
matrixes {uk],[tk],lpkj) for plane link element in

deformation variant of FEM - on the course of dsiun not . :
to_neglect non-linear member as it is standard in known
methods.

The new type of the stiffness matlbg k] consists from 4 part
— 4 sub-matrix. The first one is constant, the adcand third

ones are dependent on displacement and the foortesis The results obtained on the base of the new mateimtioned
function of displacement square. above, is shown on Fig. 4. This method gives better
|_ kJ is secant stiffness matrlx[ k] is tangent stiffness conception of equilibrium path and better conceptiof
buckling of truss system.

R4

The Newton-Raphson method is not right. It is natgible to
detect critical point on the equilibrium path.

matrix and{b} is internal load vector.

The solution was calculated in global coordinatstesy. Fig. 4
Postcritical non-linear behaviour of elastic platrisses
investigation (it means specification of criticabipts) was

based on study of equilibrium path, determine{qlk]

valuation and valuation of factop (for specification of
bifurcation points).

For the demonstration was chosen simple examplas Th
example is possible to solve “Exact Methods”.

RESULT

1.EXAMPLE

For the demonstration was chosen simple examplg. @i
This example is possible to solve “Exact Methods”.

i i ; i
10 20 30 0 50 R4 60
CP - Crtical point
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2.EXAMPLE

The example (2) shows the result of non-linear bagkfor
the example, where the “exact” result is not oldifFig. 5).
Using “modified” Arc — Length methoch6t to neglect non-
linear member), in new “program” in MATLAB, it is
possible to obtain equilibrium path with criticaipts.

For determination of the equilibrium path and cati points
(bifurcation and limit points) it is necessarykimow:

« The points, where thdei[t K] = 0- Itis critical point

e The points, where:

//_, = () Bifurcation point

+0 Limit point

w =) (F}

Y - Check parameter
{n}- Eigen value 01[t K]
{F} - Load vector

T R, = By ky
IR, — X3

Fig.5 - Example 2.

The parameters of the system:

X,= 2500 mm, ¥= 25 mm, E A, = 50 MN

Spring constants k; = 0,25 N.mnt , k, = 1,5 N.mn*
ks= 1 N.mnt

The system has 3 degree of freedom.

The course of force F5 determinant of tangent
matrixdeI[IK] =0 , check parametey on displacement

R1, R2, R3is shown on fig. 6, 7 and 8.

This system has on equilibrium path 2 critical nt®i— 2
Limit points (LB1, LB2). Between this points, the system is
unstable. The snap could appdagsveerLBl andLB2

The system has not bifurcation points.
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By use of Newton-Raphson method is not possiblebtain
the “shape of equilibrium path”. The calculationllapses
close to critical point.

4000

3000

2000 b {8

=
=
=1

o
T

y -1000

FS, det|K], psi

-2000

-3000

-4000 L

i 1 1 i
o 1000 2000 3000 4000 5000 R1 5000

Fig. 7 — Cours&5, def, K] =0, ¢ on RL
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Fig. 8 — Cours&5, def,K]=0, ¢ on R4
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Fig. 9 - Cours&5, de{, K| =0, ¢ on R5

CONCLUSION ACKNOWLEDGMENT
These results clearly show the students the inflaerhosen
type of method over “result” . It is very importaotknow the . . . . .
restriction of the methods. This examples and thithod This paper includes some results obtained whilepteting

will be part of study materials for students of phipd NP1l 2806068
Mechanics specialization.
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