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Introducao ao método de elementos finitos
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Perimetro da circunferéncia

FIGURE 1.4 Sides of inscribed and circumscribed polygons.
T ™
r=2Rsin—, 5= 2Rtan—
n n
Thus, the perimeters of the inscribed and circumscribed polygons are given by
S = pr = 2nRsinT—r, S — ps = 2nRtanZ
n n

which can be rewritten as

FIGURE 1.3 Lower and upper bounds to the circumference of a circle. i i
S0 = 2R || 5 = 27k |—L
n n

As n— = Z—0, and hence

S0 —2mR =5 SW27R =5




Responsabilidade do usuario
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Fig. 1.5-1. Lateral midpoint displacement versus time for a beam loaded by a pressure pulse

[1.6] The material is elastic—perfectly plastic. Plots were generated by various users and vari-
ous codes.

polish of their presentation. But smooth and colorful stress contours can be produced
by any model, good or bad. It is possible that most FE analyses are so flawed that
they cannot be trusted. Even a poor mesh, inappropriate element types, incorrect
loads, or improper supports may produce results that appear reasonable on casual in-
spection. A poor model may have defects that are not removed by refinement of the
mesh.

Finite Element
Modeling for
Stress Analysis




TABLE 1.1 Engineering Applications of the Finite Element Method

Area of Study

1. Civil engineering structures

2, Aircraft structures

3. Heat conduction

4. Geomechanics

5. Hydraulic and water
resources engineering;
hydrodynamics

6. Nuclear engineering

7. Biomedical engineering

8. Mechanical design

9. Electrical machines and
electromagnetics

Equilibrium Problems

Static analysis of trusses, frames, folded
plates, shell roofs, shear walls, bridges, and
prestressed concrete structures

Static analysis of aircraft wings, fuselages,
fins, rockets, spacecraft, and missile
structures

Steady-state ternperature distribution in
solids and fluids

Analysis of excavafions, retaining walls,
underground openings, rock joints, and
soil—structure interaction problems; stress
analysis in soils, dams, layered piles, and
machine foundations

Analysis of potential flows, free surface
flows, boundary layer flows, viscous flows,
transonic aerodynamic problems; analysis
of hydraulic structures and dams

Analysis of nuclear pressure vessels and
containment structures; steady-state temper-
ature distribution in reactor components

Stress analysis of eyeballs, bones, and teeth;
load-bearing capacity of implant and pros-
thetic systems; mechanics of heart valves

Stress concentration problems; stress anal-
ysis of pressure vessels, pistons, composite
materials, linkages, and gears

Steady-state analysis of synchronous and in-
duction machines, eddy current, and core
losses in electric machines, magnetostatics

Eigenvalue Problems

Natural frequencies and modes of struc-
tures; stability of structures

Natural frequencies, flutter, and stability of
aircraft, rocket, spacecraft, and missile
structures

Natural frequencies and modes of dam—
reservoir systems and soil—structure
interaction problems

Natural periods and modes of shallow ba-
sins, lakes, and harbors; sloshing of liquids
in rigid and flexible containers

MNatural frequencies and stability of contain-
ment structures; neutron flux distribution

Natural frequencies and stability of link-
ages, gears, and machine tools

Propagation Problems

Propagation of stress waves; response of
structures to aperiodic loads

Response of aircraft structures to random
loads, and dynamic response of aircraft and
spacecraft to aperiodic loads

Transient heat flow in rockel nozzles, inter-
nal combustion engines, turhine blades,
fins, and building structures

Time-dependent soil —structure interaction
problems; transient seepage in soils and
rocks; stress wave propagation in soils and
rocks

Analysis of unsteady fluid flow and wave
propagation problems; transient seepage in
aquifers and porous media; rarefied gas dy-
namics; magnetohydrodynamic flows

Response of reactor containment structures
to dynamic loads; unsteady temperature dis-
tribution in reactor components; thermal
and viscoelastic analysis of reactor
structures

Impact analysis of skull; dynamics of
anatomical structures

Crack and fracture problems under dynamic
loads

Transient behavior of electromechanical de-
vices such as motors and actuators,
magnetodynamics



Difusao atOmica em solidos
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Difusao atOmica em solidos

PA > PB
and constant
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Transferéncia de calor
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Barra sob Carga Axial

Dynamic equilibrium equations
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Problemas de engenharia (1D)

Cross-sectional area=A
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Formulacao e solucao do problema

07u Equacso de Poi
EW +b, =0 quacgao de Foisson
X
1. Discretizacao da regiao onde a solucao é

. buscada em um numero finito de sub-regidoes

Z — 4. p (elementos).
2

oS . Aproximacao da solucao em cada elemento
— % Cross-sectional area=A(x) utilizando interpolacao polinomial
3. Obtencao das equacoes correspondentes a cada
elemento.

4. Montagem de um sistema global que inclui as
equacoes de todos os elementos.

5. Resolucao do sistema de equacoes resultante de
forma a obter a solucao do problema.



Problemas de engenharia (1D)

2 ~ o
2% b o Equagdo de Poisson

0x2

o Assumir um campo de deslocamentos

a, ~ : ~
Fung¢ao aproximagao de 2 grau
P u.(x) =11 x x2] [0‘2] £a0 9P ‘ &
as
ou
— % Cross-sectional area= A(x) a,q
() =[1 x] [ 2 ] Fungao aproximagao de 1 grau

v’ Escolher o grau do polinémio segundo a quantidade de
deslocamentos nodais do elemento!

v" Numero de parametros desconhecidos do polindmio de
aproximacao seja igual aos deslocamentos nodais do
elemento (graus de liberdade do elemento)!



Problemas de engenharia (1D)

azu ~ o
E-—+b. =0 Equacao de Poisson
0x2
e Derivar a formulacao da matriz rigidez K do elemento e o vetor de carga R
et Ku=R
—————o= P v" Formulac3o fraca do problema.
T‘Rﬁ\ v" A formulacdo pode ser obtida por:
— *=X (Cross-sectional area=A(x) v’ Principio Variacional
v’ Trabalhos virtuais
energia potencial v" Minima energia potencial
1 v' Método dos residuos ponderados (geral)
4 v’ Least square/Minimos quadrados
o = Ed_u Cg=Feee= d_u v" Equilibrio (casos simples)
dx dx
du\*
U= EE I dv Ue(x) = a; +azx  ay,ay Constantes podem ser definidas em termos dos

v deslocamentos nodais do elemento



Problemas de engenharia (1D)

azu ~ °
E——+be=0 Equacao de Poisson
X
e Derivar a formulacao da matriz rigidez K e o vetor de carga R do elemento e
> . P PN PA o= P energia potenCial T = U - W
N oo AE [ (du)’
=X  Cross-sectional area= A(x) U=— — | dx W = Pu
2 dx
0
us —uf du,(x) us —us
ue(x) = aq + ar X - ue(x) = ule + <l—e>x — do = ge = e

U(x=0)=0a; +a,x =u] » a; = uj

le
L ACE*®
- 4

Uux=01)=a; +a,l° =uj - a, =




Problemas de engenharia (1D)

0%u Equagido de Poi
E—+b,=0 EQquagao de Poisson

0x2

e Derivar a formulacao da matriz rigidez K e o vetor de carga R do elemento e

=) energia potencial n=U-W
ACE® e e e\ 2
us —u _
— =X Cross-sectional area=A(x) U = > j( Zle 1) dx W = Pu
0
le
A°E*® ACE®
Ue = [ ) — 2uug + s dr > U = S [)? - 2uuf +(u)?
e
© o Il
Ue = l[ﬁ’e]T[Ke] [U,] Representacao matricial

2

,] = luf] [Ke] = AeEe[ 1 —1] Matriz Simétrica em
€ us Il L=1 11 problemas estruturais



Problemas de engenharia (1D)

azu ~ o
E-—+b. =0 Equacao de Poisson
0x2
e Derivar a formulacao da matriz rigidez K e o vetor de carga R do elemento e
S p energia potencial n=U-W
Nl Ue = 2 [, 17 [K] (2, W= Py
— *=X (Cross-sectional area=A(x) 2

on
Minima energia potencial: -— = 0, [ = 1,2,3, N
aui
on J (1 [—> 1T[Ke] [U.] — Pyué Para um (1) elemento
oy Oul P
on

5u. = [Ke1 ]~ P =0



Problemas de engenharia (1D)

5327"2‘ +p,=0 Equacao de Poisson
e Derivar a formulacao da matriz rigidez K e o vetor de carga R do elemento e
——o— 0—o o= P
ACE® — P
N crnsz;n;;;rea=ﬂfx} &*]= le [—11 11] =R = Pﬂ

Montar a matriz rigidez e o vetor de carga do sistema (global) e obter o
sistema de equacdes (K] = z Ke
e

[K][W]-P=0
Pl= 2. P

e Incorporar as condi¢cdes de contorno e resolver o sistema de equacodes



Aproximagao de uma fungdo escalar bidimensional V(x,y)

* Usando elementos (triangulares ou quadrangulares) de primeira ordem

V(x.y)

Dominio de calculo = plano xy



EXAMPLES OF FEM

Stiess
won bimes

L]

580 1028¢+007
§.2757 354007
A BSOS+ 007
440335 «+007
I 51757 00T
2 QE000de+ 007
234377 1we 00T
1. 7585794007
1 AT 2300 «+00T
Sen 1028

o

Time 0.704 5
Time Step. 176 of 5000 ¥
Madrmum Value: § B6193e+007 NAM"2)

Minimum ‘alue: 0 N{m*Z)

Figure 1-12 Finite element model showing the von Mises stress plot of a wind mill
tower at a critical time step using a nonlinear finite element simulation (Courtesy of
Valmont West Coast Engineering)



EXAMPLES OF FEM

Figure 1-9 Finite element model of a
human pelvis (Studio MacBeth/Science
Photo Library)




EXAMPLES OF FEM L OGARE T

14 13
9 ©®

®® .@@

ﬁ %

Figure 1-2 Discretized railroad control tower (28 nodes, 48 beam elements) with
typical degrees of freedom shown at node 1, for example (By Daryl L. Logan)




EXAMPLES OF FEM

Taper Beams, The Loader Lift Arm
Parabolic Beam, The Loader Guide Link

Linear Beams, The Loader Power Link

/ The Bucket

Linear Beams, The Lift Arm Cylinders

The Loader Coupler

Figure 1-10 Finite element model of a 710G bucket with 169,595 elements and 185,026 nodes used (including 78,566 thin-shell
linear quadrilateral elements for the bucket and coupler, 83,104 solid linear brick elements to model the bosses, and 212 beam

elements to model lift arms, lift arm cylinders, and guide links) (Courtesy of Yousif Omer, Structural Design Engineer, Construction
and Forestry Division, John Deere Dubuque Works)
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EXAMPLES OF FEM

LE, Max. Principal

(Avg: 75%)
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