Vibrations
Formula Overview

Free Vibrations
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Equation of motion
mi+kr=0 (5)
x(t) = Asin (wpt + @) (6)
Vo 2
A= 2 - 7
g+ () @)
¢ = tan™ (”"‘TO) ©)
Vo
Damped Motions
Definitions
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Equation of motion
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Underdamped motion
wg = wpy1— (2 (13)
z(t) = Ae™“nsin (wqt + ¢) (14)
2
A= \/xg + (voﬂwo) (15)
wd
- Towdq
=tan~! 16
0= tan < 0+Cwn$0> 16)

Overdamped motion
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Critically damped motion
z(t) = (ay + agt) e~“n? (21)

a] = T and a2 = Vo + wnTo (22)

Harmonic Excitation

Free harmonic excitation

mi + kx = Fu(t) (23)
r= w% (24)

F,(t) = F, coswt (25)

r#1 = z,(t) = %Wmswt (26)
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Damped harmonic excitation
mi + ck + kx = Fe(t) (28)
F.(z) = F,coswt = x,(t) = X cos (wt — ) (29)

F.(z) = F.sinwt = z,(t) = X sin (wt —0) (30)
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General Forced Vibration

The impulse function

mi + ct + kx = F.0(t — 1) (33)

a(t) = Eoh(t — 1) (34)
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The step function

mi + ci + kx = Fou(t — 1) (36)
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Fourier series forcing function

F.(t) = %Jrz <an cos (n?t) + b, sin (nzT
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Fourier series solution
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Multiple-Degree-of-Freedom
Systems

Equation of motion

M%+EKx=0 (49)
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Solution method 1

x(t) = ue™? (50)

(K —w’M)ue™' =0 (51)

X(t) = A;sin (wlt + ¢1> u; + Assin (wgt + (bg) us
(52)

Solution method 2
x(t) = Mﬁl/Qq(t) = M~ 2yeiwt (53)

M~YV2EM~?v = Kv = w?v (54)
=M ?v; and ug = M~ Y2v, (55)

X(t) = A1 sin (wlt + ¢1) up —+ Ag SiIl (OJQt + ¢2) U2
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Modal analysis definitions
P= [Vl Vz] (57)
S=M"1?pP o St1=pPTMY%2 (58)
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A=PTKP= [“61 fg] (59)

Modal analysis solution

F(t)+ Ar(t) =0 (60)
ro=95"'x9 and fo=S"'%k¢ (61)
x(t) = Sr(t) (62)



