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ANALISE DINAMICA NA ENGENHARIA

Analise dinamica em certos projetos estruturais €
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DINAMICA

ACOES: variam com o tempo (mag./direc./pos.)
Resposta da estrutura: deslocamento (t)
Acoes dinamicas

Deterministicas Nao - Deterministicas

Acoes (t) conhecidas: Acoes (t) senso
prescritas (t) estatistico: randomicas



TIPOS DE ACOES DETERMINISTICAS  Néo Periédicas
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Figura 1.4: Carregamento impulsivo — onda de choque de uma explosao.
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Figura 1.5: Solicitacdo de longa duracdo — accdo sismica.
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Figura 1.3: Carregamento periodico ndo harmonico — propulsor de navio.

Figura 1.6: Carregamento aleatorio — vibracdo ambiente.
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PERFIS ESSENCIAIS DA DINAMICA

Respostas (t)
Acdes (t) mm)  Histéricos de respostas
\ (time-history)

- Forcas de . NN
AN ‘ Resistem a acoes
Inercila ¢

l p lp(f)
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estatica dinamica



METODO DE DISCRETIZACAO

lﬁ“]

Formular Causa(t) e Efeito (t) == EDPs (X,t)

SRSARAREL
3 GDL ;:”
1) Massa concentrada & O o
X L A ¢
/; 4, i,
(2) Deslocamentos generalizados (Z,)*
v(x) £
— Z ann(m) = :
.. funcoes de forma ,

GDL: grau de liberdade * |deal: Massa distribuida "




METODO DE DISCRETIZACAO

3) Elemento Finito Combina (1) + (2)

Pontos nodais

/ / .
I/' ."'l Y A

ONSO

5
O
|
|
I
I
|
|
|
I
|
|
|
|

. funcoes de interpolacéo



FORMULACAO DA EQUACAO DE MOVIMENTO

1 Equilibrio Direto: Principio d’Alembert

p(t) —mv(t) =0
d’v

forca inercial

2 Principio dos deslocamentos virtuais

3 Principio de Hamilton jtz [§(T _V)_|_ 5W]dt -0

ty

Vv(t): deslocamentos;
T. energia cinética total; V: energia potencial total;
W: trabalho de forcas nao conservativas




EQUACAO DE MOVIMENTO 1 GDL

ACOES DETERMINISTICAS | — o) — o
COMPORTAMENTO LINEAR . n o PO 0L

fs(f) D

=1
o

[ () = m (1)
)+ )+ 50 = ) e
fo(t) =k v(t)

m B+ i(t) + ko) =plt) S

c: coeficiente de amortecimento viscoso linear
k: coeficiente de rigidez
m: massa




RESOLVER EQUACAO DE MOVIMENTO - 1GDL

v(t=0)=v

m U(t) + co(t) + k v(t) = p(t) Condigdes iniciais: -

Vibragdo livre: ~ mv(t) +cv(t) + kv(t) =0
N&o amortecida:  mi(t) + kv(t) = 0 Amortecida:  mi(t) + cv(t) + kv(t) =0
Resposta analitica
Vibracgdes forgadas: mi(t) + cv(t) + kv(t) = p(t)
Nao amortecida: mi(t) + cp(t) Amortecida: mi(t) + cv(t) + kv(t) = p(t)

Resposta analitica: carregamentos peridodicos ) 10

Resposta aproximada (avaliacdo numeérica, série de Fourier): carreg. gerais



RESOLVER EQUACAO DE MOVIMENTO - N GDL

Resposta Estética:  [K] - {U} = {F} Acdes ndo variam no tempo

Resposta Dinamica: [K]-{U} + [M] - {U’} = {F}
AcOes variam no tempo, inclusao das forgas inerciais

[M]: matriz de massa da estrutura

Respostas Dinamicas, duas classes a ser analisado, para obter:

 as frequéncias naturais das vibracoes livres e seus
correspondentes modos:

[K]-{U} + [M] - {U} = {0}

« Movimentos e esforcos devidos a acdes prescritas
forcadas:

[K]- (U} + [M] - {U} = {F}

11



Respostas Dinamicas

Matriz de Massa Consistente: Uma das formas mais usadas.

Advém do uso da funcdes de forma da matriz de rigidez. Assim, para

y
cada elemento ‘€™ , _ fp.[N]t_ (N] dé N : funcdes de forma
0
1140 0 0 70 0 0
0 156 NN 0 54 13- L
me:g 0 SNFONNE 4 . ]2 0 —13-L =3.L?
20070 0 NN 0
AL RN
L0 13 - L —3.]2 0 22 - L 4. L% .

Onde p € massa por comprimento (p =A.)

v : kg/m3

(massa especifica)




Respostas Dinamicas 0 @ ® 2 ® i N

my . m . my m,

Matriz de Massa Lumped (massa concentrada; @ @ i @ ? ?
“amontoadora”) @—@ G—if—@
H‘IHJ "Ig,i, HI”
Matriz alternativa, concentrar a massa em seus m my m, my
nds, para cada elemento “e”. ha @ @—f Q@ —84
1 0 0 0 0 O \ \
01000 0 8 8 8 8 8 8
p-Llo 0 0 0 0 O
mé = —— MR iumnnng
0O 0 01 0 O méye = —|—+—
0o 0 0 0 0 O O 0 0 0 0 O
0 0 0 0 0 1-
13
= 5 = Matriz com vantagem p/ montagem,

economia de memoria e processamento.




Matriz de Massa Lumped (massa concentrada; “amontoadora”)

E interessante seu uso para aplicacdes onde simulam-se massas
nao-estruturais, como na engenharia aeronautica, considerando

massas concentradas devidos a: cargas, combustiveis, etc..

The first appearance of a mass matrix in a journal article occurs in two early-1930s papers’ by Duncan and
Collar [34,35]. There 1t 1s called “inertia matrnx™ and denoted by [m]. The original example [34, p. §69]
displays the 3 x 3 diagonal mass of a triple pendulum. In the book [55] the notation changes to A.

Diagonally lumped mass matrices (DLMM) dominate pre-1963 work. Computational simplicity was not the
only reason. Direct lumping gives an obvious way to account for nonstructural masses in simple discrete
models of the spring-dashpot-particle vanety. For example, m a multistory bulding “stick model™ wherein
each floor is treated as one DOF 1n lateral sway under earthquake or wind action. it 1s natural to take the entire
mass of the floor (including furniture, 1solation, etc.) and assign 1t to that freedom. Nondiagonal masses pop-up
ocassionally in aircraft matrix analysis — e.g. wing oscillations in [55, §10.11] — as a result of measurements.
As such they necessarily account for nonstructural masses due to fuel, control equipment, etc.

Copy Right: http://kis.tu.kielce.pl/mo/COLORADO _FEM/colorado/IFEM.Ch31.pdf



Matriz de Massa Consistente

The formulation of the consistent mass matrix (CMM) by Archer [6,7] was a major advance. All CMMs
displayed 1n §31.3 were first derived mn those papers. The underlying 1dea 1s old. In fact it follows directly
from the 18#-Century Lagrange dynamic equations [84]. a proven technique to produce generalized masses.

These had to wait until three things became well established by the early 1960s: (1) the Direct Stiffness Method.
(1) the concept of shape functions. and (111) the FEM connection to Rayleigh-Ritz. The critical ingredient (111)
was established in Melosh’s thesis [97] under Harold Martin. The link to dynamics was closed with Archer’s
contributions, and CMM became a staple of FEM. But only a loose staple. Problems persisted:

(a) Nonstructural masses are not naturally handled by CMM. In systems such as ships or aircraft, the
structural mass 1s only a fraction (10 to 20%) of the total.

(b) Itis inefficient in some solution processes, notably explicit dynamics.®

(¢) It may not give the best results compared to other alternatives.’

(d) For elements derived outside the assumed-displacement framework, the stiffness shape functions may
be unknown or be altogether missing.

Problem (a) can be addressed by constructing “rigid mass elements” accounting for inertia (and possibly
gravity or centrifugal forces) but no stiffness. Nodes of these elements must be linked to structural (elastic)

Copy Right: http://kis.tu.kielce.pl/mo/COLORADO _FEM/colorado/IFEM.Ch31.pdf
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Matriz de Massa Consistente

nodes by MFC constraints that enforce kinematic constraints. This 1s more of an implementation 1ssue than a
research topie, although numerical difficulties typical of rigid body dynamics may crop up.

Problems (b.c.d) can be attacked by parametrization. The father of NASTRAN, Dick MacNeal, was the first
to observe [87.90] that averaging the DLMM and CMM of the 2-node bar element produced better results
than using erther alone. This idea was further studied by Belytschko and Mullen [163] using Fourier analysis.
Krieg and Key [171] had emphasized that in transient analysis the introduction of a time discretization operator
brings new compensation phenomena, and consequently the time integrator and the mass matrix should be not
be chosen separately.

A good discussion of mass diagonalization schemes can be found in the textbook by Cook et al. [28].

The template approach addresses the problems by allowing and encouraging full customization of the mass to
the problem at hand. It was first described in [47.48] for a Bernoulli-Euler plane beam using Fourier methods.

It 1s presented 1n more generality in the following Chapter, where 1t 1s applied to other elements. The general
concept of template as parametrized form of FEM matrices 1s discussed in [46].

Copy Right: http://kis.tu.kielce.pl/mo/COLORADO _FEM/colorado/IFEM.Ch31.pdf
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Matriz de Massa: Combinacao entre a Lumped e a Consistente

@’?ﬂ Computers
SR Computers & Structures & Structures _
2O
o w0 e
£l Volume 46, Issue 6, 17 March 1993, Pages 1041-1048
ELSEVIER

A review of mass matrices for eigenproblems

Ki-ook Kim

H Show more

https://doi.org/10.1016/0045-7949(93)90090-2 Get rights and content

Abstract

Various nonconsistent mass matrices have been presented to achieve more accurate
natural frequencies in eigenproblems of the finite element analysis. The matrices are
obtained as a linear combination of lumped and consistent mass matrices. For an improved
accuracy, the consistent mass should be more weighted than the lumped mass. Instead of
the mass combination, the interpolation functions can be combined to give nonconsistent
mass matrices, which show the same tendency. To find a nonsingular lumped mass matrix
for the bending vibration of beams, a translational inertia has been proposed for rotational
degrees of freedom. The inertia effect is highly overestimated and hence lower natural
frequencies are obtained. When combined with the consistent mass matrix, however, the
modified lumped mass matrix gives a significant improvement for the natural frequencies of
intermediate and higher modes. A simple corrective method was applied to get a better
estimation of the natural frequencies through the use of the frequency dependent stiffness
and mass matrices. The method shows high accuracy without complicated calculations.




Respostas Dinamicas

Matriz de Massa Global:

Como se faz para a matriz de rigidez sistema global:

Matriz de Massa Global: Enderecamento idem.

Elemento ne:
N6 inicial —
ne N6 final — k

No Global | Posigao Posigao

[M es t] 3nnx3nn — z [M ] gx6 =2 G;;?;!

e=1 J 3:j-1

3
3-k-2

3-k-1

& k| =

3k




Respostas Dinamicas

As equac0Oes para o0 movimento entdo pode ser representadas matricialmente,

apos inserir as condi¢cbes de contorno da estrutura, e sdo dadas por:

[K]-{U} + [M] - {U} = {F}

Onde as condicoes de contorno podem ser inseridas nas matrizes [K] e [M] da

maneira usual, por exemplo, pela técnica de “zeros” e “uns”, nao usar penalidade.

19



Analise de Vibracéao Livre:

As equacOes para o movimento livre, apos inserir as condicdes de contorno
da estrutura, séo dadas por:

[K]- (U} + [M] - {U} = {0}

Considerando movimento harmonico: U=¢-sen(w-t)

Com ¢ e w sendo, respectivamente, os modos fundamentais de vibracao
e suas frequéncias naturais.

De modo que se leva a resolucao do auto-problema:

(K] — w? - [M]) - § = {0}

Como ¢ é nao-trivial, assim:

20



Analise de Vibracéo Livre:

Como ¢ €& nao-trivial, assim: I[K] — w? - [M]] =0 E tomando:

w? =1

Chega-se a equacéao caracteristica: I[K]—A-[M]| =0

E ) sao os auto-valores dessa equacao. A estrutura tem seu modo de

vibracao, ¢, associado a cada um dos auto-valores, 2 :

Existem varios algoritmos para resolver esse auto-problema na literatura.




Analise de Vibracéo Livre:

» Os diferentes tipos de matriz de massa levam a diferencas suaves no
calculo dos auto-valores;

« N&o ha indicacéao definitiva de qual matriz € melhor para quaisquer
problema em estruturas;

« Com 0 uso dessa matriz lumped (“amontoadora”), a convergéncia
para a solucéo exata dos auto-valores acontece por baixo;

« Os auto-valores obtidos com o uso da matriz de massa consistente
levam a valores maiores que o0s exatos. Esse tipo de matriz leva
respostas mais precisas para problemas de flexao.




Analise de Vibracéo Livre: Comparar MEF com Solucao analitica
de uma viga bi-apoiada

Solucao analitica de uma viga bi-apoiada:

2.2
ET
mnznf / — n=12...
L PA

E: Modulo de Young em N/m?; E=31000MPa ro=2500 kg/m’
p: massa especifica em kg/m3 1=64E-4m'  A=0048m"  Saco (12cm x 40cm)

o ZAN




Solucéo analitica de uma viga bi-apoiada:

2.2
|EI
mn:”?; — n=12...
L PA

E=31E9N/m?;L=3m;|=6,4E-4 m*; A=0,048 m?, p = 2500 kg/m3

w, =445,9rad/s ouf; = w,/(2r) = 70,97 Hz
w, = 1.783,6 rad/s ouf, = w,/(2r) = 283,9 Hz

Matriz Consistente 10 EE:
Freq(rad/s) Freq(Hz)
MEF: Freq(rad/s) Freq(Hz) AUTOVALOR( 1)= 1.0@ 8.16
2 EF: AUTOVALOR( 1)= 570.80 8. 85 AUTOVALOR( 2)= 451.36 71.84
AUTOVALOR( 3)= 1979 65 315 @7 AUTOVALOR({ 4)= 1871.38 297.84
AUTOVALOR( 4)= 39082.52 621.11 iﬂﬁitg:g :;: :‘;gz;: ;gg;?
iﬂ;ﬁitg:{ ::'f :Z?I‘:; 1151;1231 AUTOVALOR( 7)= 8507.34 1353.99
( 8)= : : AUTOVALOR( 8)= 0457.3@ 1585.13

AUTOVALOR( 9)= 13562.16 2158.48




Solucéo analitica de uma viga bi-apoiada:
E=31E9N/m2;L=3m;|=64E-4m*;A=0,048 m?, p = 2500 kg/m3

w, =4459rad/s ouf; = w,/(2r) = 70,97 Hz

Wy, = 1.783,6 rad/s ou f2 & wZ/(ZTC) = 283,9 Hz MEF 10 EF
Matriz Lumped Freg(rad/s) Freq(Hz)
AUTOVALOR( 1)= 448,89 78.17
AUTOVALOR( 2)= 1767.81 271.68
AUTOVALOR( 3)= 1541 .89 293.15
Freq(rad/s) Freq(Hz) AUTOVALOR{ 4)= 36508.98 581,86
MEF AUTOVALCOR{ 1)= 4a1 .99 63.98 AUTOVALOR( 5)= SARG . 31 873,22
2 EE AUTOVALOR( 2)= 1289.77 192.54 AUTOVALOR( 6)= 70,71 967 .62
AUTOVALOR( 3)= 1796.76 285.96 AUTOVALOR( 7)= 879@.46 1399.85
AUTOVALOR( 4)= 1883.95 299 .84 AUTOVALOR( 8)= 8983.78 1429.81
AUTOVALOR{ 5)= 2895, 37 333.49 AUTOVALOR( 9)= 11582.15 1843.36
AUTOVALOR( &)= A337.75 698,38 AUTOVALOR(18)= 12266.85 1952.28

L - L
— - H_‘Hx‘ﬂ-k .--"EF-H- ™~ o, R
.-H-. : : ,-'H-._ rE" '.EL-H'*-. .-""-:'5:"-
H _ i -\'"\-\._\_\__\_ _H_'_,_.-"'f _

primeiro modo segundo modo



RESPOSTAS FORCADAS

[K]-{U®}+ [C]- {U®} + [M] - {U®)} = {F(O)}

Amortecimento viscoso ou proporcional
A parcela de amortecimento surge em decorréncia de dois tipo:

Amortecimento Interno: Ocorre no material, devido a micro defeitos,

deslizamentos de cristais, etc.

Amortecimento externo: devido aos efeitos de contorno, contato entre

diferentes corpos, como edificio e solo, impactos entre meios, etc.

26



MATRIZ DE AMORTECIMENTO DE RAYLEIGH

Matriz formulada considerando desacoplamento entre as eq. de movimento devidos aos
diferentes modos, ou seja, condi¢cdo de ortogonalidade entre diferentes modos:

T N
(p%'m'(pnzo Om k@, =0 m¥*n
Considera-se também essa condic&o para a matriz de amortecimento:

P C P =0

Rayleigh mostrou que essa matriz poderia ser escrita da forma:

[C] = ao - [M] + a4 - [K] ou [C]l=a-[M]+p-|K]

Onde os fatores a, e a; sao determinados experimentalmente.



MATRIZ DE AMORTECIMENTO DE RAYLEIGH

Os fatores a, e a, podem tambéem serem calculadas em funcdo das duas primeiras frequéncias
naturais obtidas pela analise modal (o, e ®,), da seguinte forma:

a4 W1 W- —1/(U2 1/(1)1 61
{a } =2 2

0 w; —w; L W3 —w1 | (S
& = Ci . razao de amortecimento

Para estruturas, € comum esses valores serem menores que 20%

SISTEMA &
Metal (regime elastico) < 0.01
Estrutura Metalica Continua 0.02 a 0.04
Estrutura Metalica com Juntas 0.03 2 0.07
Aluminio / Linhas de Transmissao 0.0004
Tubulagdo com Pequenos Diametros 0.01a0.02
Tubulagao com Grandes Diametros 0.02a0.03
Absorvedores de Choque 0.03
Borracha 0.05
Grandes Construgdées Durante Terremotos 0.01a0.05




-4

0.0

Figura 2.1 - Vibracio livre de sistemas ndo amortecido:
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ura 2.3 - Vibracdo livre de sistemas com amortecimenta

t

1.5
1.0 J
0.5
T ' '
0 0.2 04 0
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1.0
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0.1
02
srareeees 0.5

0 \\Z N
-1
-2
3 I | | —
0.0 0.2 0.4 0.6 0.8 1.0

a 2.2 - Vibragdo livre de sistemas subamortecidos.

FATOR AMORT

Figura 2.4 - Vibragdo livre de sistemas sobreamortecidos.

29



RESPOSTAS FORCADAS

[K]-{U®}+ [C]- {U®} + [M] - {U®)} = {F(©)}

Pode ser resolvida por superposicado modal para analise linear ou usando
Integracao direta, via aproximacdes em passos de tempo.

Inicia-se com a prescricoes de condicodes inicials, tals como:




METODO DA INTEGRACAO DIRETA

CLASSIFICAM-SE EM:

O INTEGRACAO EXPLICITA

Equacéao de equilibrio é resolvida em (t)

Exemplo: Diferenca Central

QO INTEGRACAO IMPLICITA

Equacao de equilibrio é resolvida em (t+At)

Exemplos: Método de Houbolt, Método de Wilson 8, Método de Newmark g




METODO DA DIFERENCA CENTRAL
f(z)

A

2h

>
Li-1 T4 Ti+1

f(@iy1) = f(@:) + f'(z:)h + ”(xi)hz + fm(xi)h3 ..

2! 3!

f’(il??,) _ f(m’i-i-l)Q_hf(mi—l) | 0(h2)

Diferenca central € mais precisa conforme o erro seja 0(h?)



METODO DA DIFERENCA CENTRAL

Qualquer expressio de diferencas finitas que aproxima U e U em termos de U podem

ser usadas
KU1+CU1+MUl=pl ' U(tZO)ZUO
Diferenca centrada:
U:L.[ U]l O =L U, 2w +U.]
n 2At n+l n—1 () 2 1 ()



METODO DA DIFERENCA CENTRAL

O deslocamentoem (n+1)At é obtido substituindo os valores no tempo (n)At em (1) e (2), na equacgao
do movimento:

[K]-U, +[C]-U,+[M]-U, =F.x )
Assim, chega-se a:
] [[1 . i [[1 . o —
[K]-L-H+[C]-1ﬁ-[bﬂ—uﬂ] +[M]-1F-[L-H—2L-H+L-H] =Fn ()

Que pode ser organizada como:

2 C M M C
M]-U, +| +—]-U, . +[—— 1-U
Af 2AT Af° At 2N

(K-

-
s

b X



METODO DA DIFERENCA CENTRAL

E o deslocamento no tempo (n+1)At e obtido isolando-oem (5), como:

C M — 2 M C
+ = LTFH_ = F_rz - K - = J.;L.{ - LT,z - = - - Er:r,!_
[IM =1-U [ v 1-U [ﬂr zar] il
Ou de maneira sintética:
K]-U,.; =F,, (6)
= C J.H — — E .I.H C
K|= =F,—-[K- = M|-U, — T U
Com: [Kl=l—+51  Fu-Fa-lK-—5MIU,-[x 1T,

Resolve-se, para cada passo de tempo, o sistema linear (6), contendo o seu deslocamento.



METODO DA DIFERENCA CENTRAL

Para 1°. passo: U ;=7

Uﬂ B Aifz [U”+1 _2Un +Un—l] — Uﬂ—l = Un Atz + 2Uﬂ _U-'I+1

U,=U,-U,-At +0,5-U,-At>



FLUXOGRAMA: DIFERENCA CENTRAL

1. Calcule as freq. naturais (). Defina At < %13;{(@

2. Defina: K, M, C, F(t), trna, Uo,U, e calcule: U, e U

3. Calcule uma unica vez:

q1..C M _ M _C 2
[K]Z[R”]_[2m+ﬁzl]’[ﬂg] [.ﬁf‘"‘* E.ﬁr] e [RA]=1K At?

4 t=0,n=0
5. Enquanto t; = 444 faca:

a. F.,=F(t),-[R4]-U,-[R3]-U,,

b. Resolva sistema linear: [R2]-U,,, =F,,,

c. n=n+1; =t + At

6. Fim enquanto

M]

)



Viga em balanco com Forca de Impulso sem amortecimento

Transient Analysis of a Cantilever Beam

Sem amortecimento
Introduction

This tutorial was created using ANSYS 7.0 The purpose of this tutonal 1s to show the steps involved to [C ] —_ [O]
perform a simple transient analysis.

e
~
~
/ ID.OI m
/ | —
y ¥ 001m
// 1.0m

Modulug of Elagticaty (E) = 206800(10% ) N/m“

Density = 7830 kg/n®

Transient dynamic analysis 1s a technique used to determine the dynamic response of a structure under a
time-varying load.

The time frame for this type of analysis 1s such that inertia or damping effects of the structure are

considered to be important. Cases where such effects play a major role are under step or impulse
loading conditions, for example, where there is a sharp load change in a fraction of time.

If inertia effects are negligible for the loading conditions being considered, a static analysis may be used
instead. ) 38

For our case, we will impact the end of the beam with an impulse force and view the response at the
location of impact.

http://www.mece.ualberta.ca/tutorials/ansys/IT/Transient/Print.pdf



Viga em balanco com Forca de Impulso sem amortecimento

E{9
—~ Impulse Force
_d’-/--
-~ 1. Specify Time and Time Step Options
/ = Select Solution > Load Step Opts = Time/Frequenc > Time - Time Step
- = set a time of 0 for the end of the load step (as shown below).
= set [DELTIM] to 0.001. This will specify a time step size of 0.001
~ seconds to be used for this load step.
'A‘ Tene and Time Step Options ~ -lj
- - - - . Tene and Time Step Options
Since an 1deal impulse force excites all modes of a structure, the response of the beam should contain all (TIME) Tome ot end of ot step C—
mode frequencies. However, we cannot produce an ideal impulse force numencally. We have to apply a (DELTIN] Tiwe step sae I
load over a discrete amount of time dx. 00C1 Swpedorampsdbic
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Respostas para desloc. vertical do ponto extremo da viga

The following graph should be plotted in the main ANSYS window.
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| viga em balanco, exemplo do tuterial do Ansys
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The following graph should be plotted in the maimm ANSYS window.
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Damped Response of the Cantilever Beam Transient Analysis of a Cantilever Beam
We did not specify damping in our transient analysis of the beam. We specify damping at the same time
we specify our time & time steps for each load step.
Introduction
We will now re-run our transient analysis, but now we will consider damping. Here i1s where the use of

load step files comes in handy. We can easily change a few values in these files and re-run our whole This tutorial was created using ANSYS 7.0 The purpose of this tutorial is to show the steps involved to
solution from these load case files. perform a simple transient analysis.

« Open up the first load step file (Dynamic s01) for editing Utility Menu = File = List = Other =

Dynamic.s01. The file should look like the following . /
/COM,BNSY¥S RELEASE 5.7.1 UP20010418 14:44:02 0a/20/2001 / ID.Olm
; , TLIR 5.7. B 144: 3 0
/NOFR
/TITLE, Dynemic Analysis / N —>
_LSNUM= 1 dl 001m
/ 1.0m
Copyright 2003 - University of Alberta Modulus of Elasticity (E) = 206800(10¢ ) N/m?
http-//www mece valberta ca/tutorials/ansys/TT/ Transient/Transient html
Density = 7830 kg/m?
RNTYFE, 4
TENCFET,REDU, , DAMF F
BEUNIF,TEMP, TINY
DELTIM, 1.000000000E-03 ]
TIME, 0.00040000
TREF, 0.00000000
ALPHAD, 0.00000000 Fﬂ
BETAD, 0.00000000
DMPRAT, 0.00000000
TINTE,R5.0, 5.000000000E-03,,,
TINTF,R5.0, -1.00000000 , 0.500000000 , —1.0000400400
HCHV, 1, 0.00300000 , 0, D.0000DC0O , 0.00000000
ERESE, DEEFR
ACEL, 0.00000000 , D.00000000 s 0.000000400
OMEG&, 0.00000000 , 0.00000000 ,  0.00000000 A a
DOMEGR, 0.00000000 ,  0.00000000 s 0.00003000
CGLOC, 0.00000000 , 0.00000000 ,  0.00000000
CGOMEGR, 0.00000000 , Q.00000000 ., 0.000000040
DCEOMG,  0.00000000 ., 0.00000000  , 0.00000000 , , , \ L
L L] 1 L L
D, 1,UX , 0.00000000 ,  0.00000000 dt || t
D, 1,UY , 0.00000000 ,  0.00000000
D, 1,R0TZ, 0.00000000 , 0.00000000
/G0FR

s Change the damping value BETAD from 0 to 0.01 in all three load step files.

dt = 0,001
[C] = 0,01 - [K]
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Respostas para desloc. vertical do ponto extremo da viga
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Respostas para desloc. vertical do ponto extremo da viga
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