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Single Degree of Freedom Forced Vibration

Free Body Diagram

ko 0

mX+cX+kx=F(t)
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There are 4 categories of F(t) :

1) Harmonic (sin, cos) 3) Transient

PUAU/\U A |

2) Periodic 4) Random

[N
IAV/\V/\V/\\. S
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If F(t) = F, cos (wt) »==> mX + cX + kx = E cos(wt)

Ifc=0 w==>  mX + kx =F cos(wt)

X(0) =%, (0 +x, (0 V\ ﬂm(\
Or X(t) = X, () T X (1) ‘ U U U |

(t) = Acos(aw,t) + Bsin(w, t)

X trans
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To find x, Let X(®) 20

X, (t) = X cos(mt) K_I:‘;mz Z\ [\ [\

X, (t) = -0 X sin(wt) ¢
X (t)=-o X cos(mt) U U U

EOM becomes

-mw’X cos(wt) + kX cos(@ t) =F, cos(w t)

F
X (t)= —2—cos(wt
2 ss() k—m(DZ ( )

Solving X = K
k
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. E
x(t) = A cos(w ,t) + B sin(@ ,t) + = L — cos(wt)
®

Fo
2

F
x(0)=A+ . = A=x(0)-
K-mw K-maw

2
x(t)=-Aw  sin(w t) + Bo  cos(w ,t) - Xo sin(wt)

x(0)=w B = B=@
1)

n

x(t) = (X(O) - k—fnoa)zj cos(w ,t) + ? sin(w ,t) + k—fn# cos(wt)

n
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Case 1:
e
2 2 st
k-mw K ko k
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Case 2:
E __E _ K
k-meo? K ko? ko?
o’ o’
Case 3:
F E Fo t .
—° —=%xow = x(t) = ———sin(w ,t) =
k-mw 0 2k
using L' Hospital's rule
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Example

To Find the Steady State Response
1000 N/m

F
X (t)= —2—cos(wt
S)=-—*— cos(w)

10kg
X 100
X (1)

)z ——— t
100010 > cos(@1)
F(t)=100cos(wt)
11000
On = ,]—— =10rad/sec
10
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Case 1:

Newtons
o =]

t=}

0.2

seconds

meters

100
X..(t)= —— cos(4t
«® i (4t)
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Case 2:

100

50

Newtons
o

-50

F(t) = 100 cos(20t)

-100
0

0.04

seconds

0.02

meters
o

-0.02

100
t)=-——— cos(20t
2 )= =5 g T,

-0.04
0
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Case 3:

00

o
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o

F(t) = 100 cos(10t)
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seconds

o

1000t .
X (t)= ——— sin(10t
«® 2007 (10t)
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