53/58:153 Lecture 14 Fundamental of Vibration

Lecture 14: General Forcing Functions (Optional)

Reading materials: Sections 5.1 and 5.2
1. Impulse function

<& An impulse or shock loading is a force that is applied for a very short time.
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o) Using dirac-delta function
F(t) = Fimp 0(f — 1)
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<& Equations of motion

m (1) + ¢ J(6) + k (1) = Fup (= 10): 3(0) =0 j(0) =0

when
tg =0
. . . Firg
my(t) +ey(t)+ky(t)=0: »0)=0 »0)=—
<& Solution
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2. Arbitrary function

<L For an arbitrary dynamic loading, the force can be thought of as infinite series
of short duration pulses.

«iJ The motion of a single degree of freedom system as a result of the impulse
whose magnitude is F(z)dz is

FlDdr _z 6 .
dy = 20 o€0t-Dginw (t— 7). t=T
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<) The total response via superposition
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o Ideal step function: The force is suddenly applied and then stays constant
afterwards.

Wit) = L EF{T){?‘?:““‘” sinwy(f —1)dr =
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< Rectangular pulse force: The force is suddenly applied and stays constant until
ty. Then the force is suddenly removed.

Forced vibration phase:

1

g

NUE
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JyF et Dsinwy(r—7)dr: 1<14

Free vibration phase:

£ Wy +Vy,

v(t) = e‘fu(f"d,](y,d COS wylt — 1) + sin wy(f — rﬂaj); r>1y

Ltq
(notice: y,, should be u,, )

U4 and v, are displacement and velocity at time ¢, obtained from the forced
vibration phase.

F ) et Esinty wy)
U, = —(—e™ ¥ cos(ty wy) - + 1)
k

\1-é2
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Therefore, the solution becomes

. o e 5% £sin(t wy)
y(t) = —(—e "*% cos(fw,) - +1); O=t=ty,
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« Triangular pulse force

Forced vibration phase:

1
) =25

J;F(l —1/t;) smew(t—1)dr. =<ty
Free vibration phase:
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