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Vibration

Forced Vibration
F(t)= function

Free Vibration
F(t)=0

Undamped Undamped



Mechanical System

Translation Rotional

system

system




dThe three basic elements of mechanical
systems are..

*Mass or disc (inertia element)
=Spring
"VViscous Damping element (damper)




WIERS

Linear Mass Rotational Mass

block Rotational Disck




| Translational mechanical elements

2. Spring: is a stiffness component that storing potential energy

Springs

Linear Spring Rotating Spring

Spring force is linear and proportional to linear or angular displacement

flt)=kx

P.E = ||_me - hm:—;

|
P.E = J_nm —~ Jk: 0.df = 5k, 6°




| Translational mechanical elements

=3- Viscous damping (friction) “damper”

idx
- p— " —_— E !
fd Sl ¢ v(f) : =, 8 = ¢; wt)

1 . — =-' =l Z
[:,E=de5;=J,_~Mi=_“! D.E Jf:ﬂ? J-'.:blll:i'ﬁ' E:’.":E'

z




|—I

"Springs In series T' =
4 L
f _f  f  f ﬁ
Koy ki @ ky @ kg
f = constant =2 (2)

Hence,




Equivalent springs (Combining stiffness)

Kxeq Xeq= K1 X1 +K2X2 + K3X3

Xeq=X1= X2= X3

Keqg = Ki+ K+ Ks
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=Combined Springs (not in series nor in parallel):

. 2 L 2
P.E,Eq - Ekl Xy +Ek1 X
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Equivalent springs (Combining stiffness)

*Combined Springs (not in series nor in parallel):
=|f equivalent spring at point (1)




Equivalent springs (Combining stiffness)

*Combined Springs (not in series nor in parallel):
*|f equivalent spring at point (1)
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L1?
Keq =K1 2 +K2



Equivalent springs (Combining stiffness)

Another method (Using Newton 2"d law for
rotational system

0= (kl X1)L1 + kyx, Lo

]0 - Z MO O - (keq xeq)L]_

At position (1) xeq = x1, eq. (1) =eq. (2)
(keqx1)L1= (k1x1)L1+ ko x2 Ly




Equivalent springs (Combining stiffness)

sThe equivalent spring at the position of spring (2)

0 = (keq xeq )L2

At position (2) Xeq = X2

(keqx2)Lo= (k1x1)L1+ ko xo Ly

X1=L16, Xe=L2©O

X111 1

_ _ _ 2
Keq——Kl(X2L2)+K2 Kl(Lz) +K2



Equivalent dampers

=Dampers in series : Yy =yt Y2t y3

|f is constant




Equivalent dampers




Equivalent dampers

Combined dampers (not in series nor in parallel




Equivalent dampers




guivalent dampers

*|f equivalent damper at point (2)

Yeq— Y2 then yeq. = y°2

1 1
1Ceqy? = ¢ Y12 toe Y2

2




Equivalent dampers

(Link has negligible mass, then J=0)

The equivalent damper at the point (1) 2

(C1 l)Ll +tC:Yy Lo 1) O ¥

At position (1) yes = y1

2
Cor = G +czli




Equivalent dampers

*Another method
(UsingNewton2ndlawforrotationalsystem

(Link has negligible mass, then J=0)

The equivalent damper at the point (2)

O=(c:y'1)L1+ c2y":L> (1)

At position (1) Yo = y1

Ca=Ci (5)24 C= G (’l—z1 )2+ C,
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