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Vibracao amortecida
com excitacao

harmonica

Oscilacao forcada amortecida



A solucao particular é do tipo...

Excitacao externa £(1) = Xcos (ot — $)

...derivando e substituindo:
LSS S S S S S, s

kg ==3 T 1 X[(k — mw?) cos (wt — ¢) — cw sin (wt — ¢p)] = F, cos wt

Usando as relacdes trigonométricas...

m T l _1 cos (wt — ¢p) = cos wt cos ¢ + sin wt sin ¢

+x sin (wt — ¢) = sin wt cos ¢ — cos wt sin ¢
+x E(t)
F(t) ... agrupando Senos e cossenos
(a) (b) Free-body diagram

X[(k — mw?) cos ¢ + cwsin ¢p] = F,
X[(k — mw?) sin ¢ — cwcos p] = 0

mx + cx + kx = Fycos wt



Descobrimos

Excitacao externa
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+x F(1)

(a) (b) Free-body diagram

mx + cx + kx = Fycos wt



Relembrando os termos...
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(a) (b) Free-body diagram

Reference

(a) Graphical representation (b) Vectorial representation



- X
8St

Amplitude ratio: M

O U N N
o oo o » ®

<
N~

0

—— — —

{=35.0

04 087112

16 20 24 28 32

1.0

requency ratio:r = g, -

Phase angle: ¢

180°

150°

[
\O [\
O -
o )

o))
-
o]

30°

— U
I

<
o

.:“=/0-IO5 / { = |0.25

£ =0.50- K I ——

B
7 =50

§ =5.0 S

/N
/A,/flL § - 855

7 =0.05

/
/ <—gl= OOp

0 05/10 15 20 25 3.0
g=0.oj

F 0y @
requency ratio: r = g,



. méxima
®=w,V1 =2 ll """""""""" """"""""""" - 7=00 | 1

) = 1] : — (¢=0.1
me V12 I\ S =02 |
N \ — (¢=0.3

o """"""""" y """ o """"""""""" — C=O-5 """ I




~

X

Amplification Ratio

Amplitude

I
l«—— (=0, No Damping

Al =
\

£
w

R\

é — < ga £=03
£=05

| ¢ =1.0, Critical Damping

mx + cx + kx = Fycos wt
x(t) = X cos(wt — @)
x(t) = —wX sin(wt — @)

¥(t) = —w?X cos(wt — ¢)

SDJ 1/25/07

Phase

¢ =0, No Damping —»

¢=0.1 //
£=0 ?ﬂ/A//
e gé:— 0.5 M/
% 1999 # = 1.0, Critical Damping // ,\
E e © ¢ =1.0, Critical Damping
<
: YN =0
rd / — (=03
/ — (=02
rd
// ///\ =0t
%7 «—— ¢ =0, No Damping
|
Frequen;:y Ratio ":'7. -
kx cx
T 1 cwX
kX
I
" | X
mw?X
l wt"\\ |




Solucdo completa
x(1) = xp(1) + xp(2). w;=V1-2o,

x(1) = Xoe b@n! cos(wyt — ) + Xcos(wt — )
\ - |
v |
regime
permanente

transitorio

Ly

1 - 2

X, = [(xo — Xcos )* + — ({wuxg + o — {wX cos ¢ — wX sin 4,)2}
Wy

Loy + Fo — {0Xcos p — wXsin

tan g = wy(xy — X cos @) J




Simulacao de sistema

dinamico




mx + cx + kx = Fy sinwt

R
k x—m([FO sin wt] — cx — kx)
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dx X
You may enter here s
used in block definit

These instructions ai

and every time the di MUX  Resposta

m=1;
k = 39.47;
zeta = 0.01;
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Figuras de Lissajous
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