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Basic Concepts of Vibration
Vibration

Any motion that repeats itself after an interval of time is called vibration

Example
1- Swinging of pendulum
2- A plucked string
Elementary Parts of Vibrating Systems
A vibratory system, in general includes
1- Means for storing potential energy (spring or elasticit
2- Means for storing kinetic energy (mass or inertia) ‘

3- Means for which energy is gradually lost (dam

The vibration of a system involves the

potential energy to kinetic energy ‘_
potential energy, alternately. If the Vis damped,

some energy is dissipate id of vibration and

must be replaced by ang source if a state of steady

“
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vibration is to be maintained. e
Vibration Problems
l
v
Single Degree Two Degree
Of freedom Of freedom
I I
v v ¥
Free Vibration Forced Vibration Free Vibration Forced Vibration
Undamped Damped Undamped Damped Undamped Damped Undamped Damped
Vibration Vibration Vibration Vibration Vibration Vibration Vibration Vibration
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Degree of Freedom

Degree of freedom is the minimum number of independent coordinates required to determine

completely the positions of all parts of a system at any instant of time.

One Degree of freedom

Multi Degree of freedom

Spring force = spring constant (k) X deformation of spring (&)
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Combination of Springs

1- Springs in parallel

In the equilibrium position Y F =10
W=mg=kd8+k,§d = oein
where
kq,k, spring constants (stiffness) (N
§:- is static deflection of springs
keq the equivalent spring con; ’0mbination two springs
For the same static deflection 6§
W=mg=ke,é = (2)

From equations (1) and (

keq = kf

For n springs in parallel

keq=k1+k2+k3+"'+kn
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2- Springs in series

3// = Ili;g;} ......... (1)
where §; and &, are the elongation of springs
| and 2 respectively
then, the total elongation= 8; + 6, = §¢q ++ (2)
for combination

WaBehl, = . wees 3)
From equations (1) , (2) and (3)

For n springs in series

1. i 1 1
ey % +k2+ +kn

3- Springs are connected to levers or gears as showl

- X, = bsin@
X3 =csinf
for 6 very small sin6 = 6 cosg — 1
then
x = af x, = b0 x3 = cO
9:5 x2=b§ Xy =c
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then, the total potential energy stored in three springs is
1 1
U=ckx?+ Ekzxzz + %k3x§
v=detlp v w iy
or = Ex 1 + ;2‘ ) + ; 3]
the potential energy stored in spring located at point A = %keqx2

then, equate the two potential energies

1 2_1 ) b? (e
Ekeqx —Ex [k1+'c'l;k2 +;k3]

b? Jois
keq = k1 +;k2 +;k3

Combination of Masses

To find the equivalent mass located in specific point (for example oint : use kinetic energy

Pivot point.

equivalent translation mass

‘the total kinetic energy of the system
1 : Ee i 1
Emeqxz =Em1x2 +-£]062 ......... (1)

since x = RO then % = R0
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then, from Equation (1)

o 2
Lo 5% = denu? gL (ﬁ)
S MegX” = Smx” + 2]0 =
= Jo
Mg =M + =
equivalent rotation mass
the total kinetic energy of the system
1, & SR T ; . :
-2-]eq92 — mez + 51092 since x = RO then % = RO
1 . 2 i 1 . 2 1 . 2
SO E]eqH —Em(RH) +E]09
]eq =Jo+ mR?
Example ~ !W‘;
s : 4 ” - “ Rocker arm
A cam — follower mechanism shown in Figure is used 4 i (s oot of 1010, )
i # ;

g
convert the rotary motion of a shaft into the oscillati =

reciprocating motion of a valve. The follow Pushrol
{mass ) 1

& spring e
j Yalve c
e {maﬁssg{;

i i ¢ : | Rotler
system by assuming the locating (m_q ] oler

Solution

Cum .

Shats”
the total kinetic energy
4 1. g T o

= Empxg =+ Emvxg + E]re,? """"" (1)

[f m,, denotes the equivalent mass placed at point A, then i

and 0,=-=

then, from equations (1) and (2)

2 x D
1 L L o R | (zz ) 1 (x)
> MeqX —Zmpxp+2m,, 11x +2]r L
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2
- L2
Meqg =My + M, (Z) o

Ir

i

HW 1

Find the equivalent mass of the rocker arm assembly,

referred to the x coordinate.

HW 2

In the Figure find the equivalent spring constan e system in

the direction 6
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Equivalent Spring Constants
1- Simple Supported Beam

From strength of materials

_weE
5= - PN ¢))

where
EI:- bending stiffness (N.m?)
E:- modulus of elasticity (N /m?)

I:- second moment of area (m*)

=i p=

12

W :- applied load

Then from Equation (1) k===

2- Cantilever Beam

Similarly From strength of materials

o= SEI
S i
3 EI
W _ 3EIl
~3

Axial Deformation) .

Longitudinal 2 i

Then from Equation (1) |k = — = — =slope of W — § curve

v
(e5)

4- Shaft in Torsion

From strength of materials
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where .
G:- modulus of rigidity (N/m?)

md*
J:- second polar moment of area (m*) = =

M:- abplied torque

Then from Equation (1) |k = % = % = slope of M — @ curve 6
Example
A weight W is being lifted by an overhead traveling crane as shown
in Figure. The girder is a uniform beam of length I, and - L
s s e i rolle i
rigidity £/ and each of the two cables has a length [,, / aE T ceclitiioy ]’
L i iR
and young modulus E. Assuming the masses of the t . 7 < l ?I—‘l: /
drum, cables and hooks to be negligible, find the tspring | Cables
constant of the girder and the cable. L . '
Solution ' B
w Weight
The girder is assumed to be simply beam with central load - :
Fromtable  k, = 48:g1 re E; = modulus of elasticity of girder
1:
since, the cables subjected to ’load , then k.= % where E.= modulus of
2
elasticity of cable
s V777777723
= § Keq
W
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1 i, 4 2kckg
b i = = = ==
keq kg = 2kc €4 kg+2k.

H.W3

A machine of mass m = 500 kg is mounted on a simply supported steel beam of [ = 2 m having
rectangular cross section (depth = 0.1 m, width = 1.2 m) and Young’s modulus = 2.06 x 10!
N/m?. Toreduce the vertical deflection of the beam, a spring of stiffness k is attache at fh&nid-
span, as shown in Figure. Determine the value of k needed to reduce the deflec Beam to

one-third of its original value. Assume that the mass of the beam is negligibl

10
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Single Degree of Freedom

Equation of Motion: Natural Frequency

Let m mass of single degree of freedom system shown in Figure (kg)
A : the static deformation of the spring from the static equilibrium position (m)
k: be the stiffness of the spring (N /m)

then, - kA=W =mg = e 1)

pull the mass down ward and released it (free vibration) then apply the Ne

any position unless equilibrium position

Y F =mi where ¥ acceleration of the mass
Then, From Free Body Diagram
mX =W — k(A + x)
From Equation (1)

mi = —kx or

KA +x)

_ Static equilibrium

position

By defining the €rc

where wy, is the natural’

r\\
/
lk\

X hox 0 = |X+ wsix = 0|(Equation of Motion)

of equal stiffness k at each end. The bar is horizontal in the

equilibrium position. Determine the equation of motion and its A

natural frequency.
Solution

Give the bar an rotational motion 0 as shown

41
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My =J,60 where@ isangular acceleration

then, From Free Body Diagram

Mechanical Engineering

(—ka8)a — (—kb8)b = J,6 or  Jo0 + (ka® + kb?)6 =0

6+ @ 6 =0 (Equation of Motion)
0

2 2
and . Wy = ,k—(g-fb—)
0

Example

Find the equation of motion and natural frequency of the

system shown in Figure. The moment of inertia of combined

disc about O is J.

Solution

give the combined disc an rotational motion

apply the Newton’s second law to

Y F = m¥ leration of the mass
Then, From Free Body P
mi = — Bl e el (1)

where 6 is angular acceleration

then ndy Diagram
e T = o @)
but %=1
from Equation (1) T=—mrg oo 3)

substitution (3) into (2)
' —kr?0 —mri0 =6

(J +mr2)0 + kr?o 6 +

12

kr?

J+mr

2
1

g =

kr,

0

(@

(Equation of Motion)
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kr?
and Wy, = //+mrf

Example

A uniform rigid disk of radius r rolls without slipping
inside a circular track of radius R, as shown in Figure. For
small oscillation find the equation of motion and natural
frequency of oscillation. (m = mass of disk, / = mass
moment of inertia of disk about its center)

Solution

give the disc an motion s shown (Note that the disk has two ions 1- rotation 2- translation )

apply the Newton’s second law to mass (m)

YFg=may where a.q acceleration center in the @-direction

then, From Free Body Diagram
F —mgsin@ = m(R —r)6 (D) .

for rotation motion
M c=] ¢

Fr=2¢

ation of the disk

(R-1)8=1¢ = R-r)b=rp

from Equation (2)

N
B e

ni® (R—1) G
2 T \
o0 (1), yield i
(R — 1) —mgsin = m(R —r)é = %m(R—r)é+mgsin9=O
For small angle 6 sinfd = 6 and cosf =1
§+—22_p=0 (Equation of Motion) w, = = (Natural Frequency)

3(R—1) 3(R-1)

13
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H.W4

Find the equation of motion and natural frequency of the system shown in Figure

duon
. aprng

Lincar .
spring o

H.WS

Find the equation of motion and natural frequency of the systems show,

Rotational motion

Mass moment of inertia (kg.m")

Spring k (N/m) Torsional spring k¢ (N.m/rad)
Damper C (N.m/s) Torsional damper C; (N.m.s/rad)

14



