UNIT – 8
VIBRATION

1. Explain the types of free vibrations?

[image: image1.png]The following three fypes of fice vibrations are important from the subject point of view
1. Longitudinal vibrations, 2. Transverse vibrations, and 3. Torsional vibrations.
Consider a weightless constraint (spring or shaft) whose one end is fixed and the other end
carrying a heavy disc, as shown in Fig. 23.1. This system may execute one of the three above
‘mentioned types of vibrations.
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B=Mean position : 4 and C = Extreme positions,
() Longitudinal vibations. ~ (¢) Transverse vibations.  (¢) Torsional vibrations.
Fig. 23.1. Types of free vibrations.

1. Longitudinal vibrations. When the particles of the shaft or disc moves parallel to the
axis of the shaft, as shown in Fig. 23.1 (a). then the vibrations are known as longirudinal vibrations.
In this case. the shaft is elongated and shortened alterately and thus the tensile and compressive
stresses are induced alternately in the shaft.




[image: image2.png]2. Transverse vibrations. When the particles of the shaft or disc move approximately
perpendicular to the axis of the shaft, as shown in Fig. 23.1 (5). then the vibrations are known as
iransverse vibrations. In this case, the shaft s straight and bent alternately and bending sresses are
induced in the shaft.




[image: image3.png]3. Torsional vibrations*. When the paticles of the shaft or disc move in a circle about th
axis of the shaft, as shown in Fig. 23.1 (c). then the vibrations are known as forsional vibrafions
In this case, the shaft is twisted and unfwisted alterately and the torsional shear stresses are in
duced in the shaft.




2.   

[image: image4.png]Example 23.1. 4 cantilever shaft 50 mm diameter and 300 mm long has a disc of mass
100 kg at its free end. The Young's modulus for the shaft material is 200 GN/n. Determine the
frequency of longitudinal and transverse vibrations of the shaft

Solution. Given : d = 50 mm = 0.05 m ; / = 300 mm = 0.03 m ; m = 100 kg :
E =200 GN/m” = 200 x10° N/m®

‘We know that cross-sectional area of the shafi,

a=Zxa?
T

and moment of inertia of the shafi,

1=Lxa* =T (0.05)* =03x10Fm*
64 64

Frequency of longitudinal vibration
We know that static deflection of the shaft,
W1 100x9.81x03

— O 0751310 m
AE " 196x107 x200x10°

8

- Frequency of longitudinal vibsation,
_04985_ 04985

£ 20808 04985
B Jorstxao®

575 Hz Ans.

Frequency of transverse vibration
We know that static deflection of the shaft,

WP _ 100x9.81x(03)

-
- 0.147x10% m
3EI 3%200%10° x03x107°
. Frequency of transverse vibration,
04985 0.4985
= = 41 Hz Ans.

f _ 04985
B forarxao”




1. Derive an expression for the natural frequency of free transverse and longitudinal vibrations by equilibrium method?

[image: image5.png]23.5. Natural Frequency of Free Longitudinal Vibrations
‘The natural frequency of the free longitudinal vibrations may be determined by the following
three methods -
1. Equilibrium Method
Consider a constraint (i.¢. spring) of negligible mass in an unstrained position. as shown in
Fig. 232 (a).
Let s = Stiffness of the constrait. It is the force required to produce
unit displacement in the direction of vibration. It is usually
expressed in N/m.

m= Mass of the body suspended from the constraint in ke,
‘Weight of the body in newtons = m.g.





[image: image6.png]& =Static deflection of the spring 1 metres due to weight 7"
‘newtons, and
x=Displacement given to the body by the external force., in mefres.
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Fig. 23.2. Natural frequency of free longitudinal vibrations.
In the equilibrium position. as shown in Fig. 23.2 (b). the gravitational pull 7= m.g. is
balanced by a force of spring. such that 7'=5.3

Since the mass is now displaced from its equilibrium position by a distance x, as shown in
Fig. 23.2 (c). and is then seleased, therefore after fime 7,

Restoring force =W -s@+) = —s8-s.x
=s58-s8-s.x=5x L @W=sd )
(Taking upward force as negative)
and Accelerating force = Mass x Acceleration

2
- mx% (Taking downward force 2s positive) . . . (i1)

Equating equations (/) and (i), the equation of motion of the body of mass m after time s

dx_ d*x

mx

2
%én:o - i)
2




[image: image7.png]‘We know that the fundamental equation of simple harmonic motion is
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[image: image8.png]and natural frequency.

( \f (- mg=sd)
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Taking the value of g as 9.81 nv/s® and 3 in metres,

1 9. 0.4985

umVs B

Note : The value of static deflection § may be found out from the given conditions of the problem. For
longitudinal vibrations, it may be obtained by the relation.

I

Swss o WL o WL
Strain 45 E4
where 8 =Static deflection i.e. extension or compression of the constraint.
= Load attached to the free end of constraint,

1= Length of the constraint,
E = Young’s modulus for the constraint, and
A= Cross-sectional area of the constraiat




[image: image9.png]23.6. Natural Frequency of Free Transverse Vibrations

Consider a shaft of negligible mass. whose one
end is fixed and the other end carries a body of weight
W, as shown in Fig. 233

Let = Stiffness of shaft,
& = Static deflection due to
weight of the body.

x = Displacement of body from
‘mean position after time 1.
m = Mass of body = W/g
As discussed in the previous article,
Restoring force =—sx LG
and accelerating force :mx% )

Semmm e W

Mean position Is

|
X
Position after —. ,} — ,,L v

Fig. 23.3. Natural frequency of free
transverse vibrations.




[image: image10.png]Equating equations (i) and (i7), the equation of motion becomes
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L dx sic0 (Same as before )
E
Hence, the time period and the natural frequency of the transverse vibrations are same as
that of longiudinal vibrations. Therefore
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Note : The shape of the curve, into which the vibrating shaft deflects, is identical with the static deflection

curve of a cantilever beam loaded at the end. It has been proved in the text book on Strength of Materials.
that the static deflection of a cantilever beam loaded at the free end is

and natural frequency,

w3
3y (0 metres)

5

‘where 7 =Load at the free end, in newtons,
1= Length of the shaft or beam in metres,
E = Young’s modulus for the material of the shaft or beam in
Nt and
I=Moment of inertia of the shaft or beam in m"




4.    
[image: image11.png]Example 23.2. 4 shaft of length 0.75 m, supported freely at the ends, is carrying a body of
mass 90 kg at 0.25 m from one end. Find the natural frequency of iransverse vibration. Assume

E = 200 GN/m’ and shaft diameter = 50 mm.
Solution. Given : /=0.75m :m=90kg : a=AC=0.25m ; E =200 GN/m’ = 200 x 10°

N/’ d =50 mm =005 m

The shaftis shown in Fig. 23.7 90kg
We know that moment of inertia of the shaft lc
A 8
n 4_T 44
=—xd"* =—(0.05)
5 00w f-0.25mel e—0.5m ——|
b osm ——
=0307x10%m*
and static deflection at the load point (i.. at point C). Fig 37
> 2057
walh 90x9.81(0.25)2(0.5) o1x107 m

3EIl 3%200x10° X0.307x10 0 % 0.75
(-5=BC=05m)




[image: image12.png]‘We know that natural frequency of transverse vibration,
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5.

[image: image13.png]Example 23.10. The following data are given for a vibratory system with viscous damp-
ing:

Mass = 2.5 kg ; spring constant = 3 Nimm and the amplitude decreases fo 0.25 of the
initial value after five consecutive cycles.

Determine the damping coefficient of the damper in the system.
Solution. Given : m =2.5 kg ; s =3 N/mm = 3000 N/m ; x5 = 0.25 x;
We know that natural circular frequency of vibration,

S _ oo
A L Ty g
A T :

Let = Damping coefficient of the damper in N/ms,
x, = Initial amplitude, and
x¢ = Final amplitude after five consecutive cycles = 0.25 x; ...(Given)

‘We know that
B_x %
X4 X5 X
o BENENNE
Yo% oxoxg x5 X | %
s /s
. RN R T P
- o % 025
‘We know that

o, {1]:ax27“
) e’
2n

JGase?

log,(132) = ax or

Squaring both sides,

or

a=153
c=ax2m= 153x2x25=7.65 Nim/s Ans.





6.

[image: image14.png]Example 23.18. 4 mass of 10 kg is suspended from one end of a helical spring, the other
end being fixed. The stiffness of the spring is 10 Nimm. The viscous damping causes the amplitude
to decrease to one-tenth of the inifial value in four complete oscillations. I a periodic force of
150 cos 50 t N is applied at the mass in the vertical direction, find the amplitude of the forced
vibrations. What is its value of resonance ?




[image: image15.png]Solution. Given: m =10 kg : s =10 N/mm =10 x 10° N/m ; X:

Since the periodic force, F; = F cos 0 =150cos 50, therefore

Static force, F=150N
and angular velocity of the periodic disturbing force.,
o=somdls

We know that angular speed or natural circular frequency of free vibrations,

:
B ol





[image: image16.png]Amplitude of the forced vibrations

Since the ampliude decreases to 1/10th of the initial value in four complete oscillations,
therefore, the ratio of initial amplitude (x,) to the final amplitude after four complete oscillations
(xg) is given by

‘We know that
,,,g‘[ﬁ]:,,xzix
3 (@) -

log, 1.78=ax.

axan

2n
——— o 0576=
V616 -a V1000-a®

Squaring both sides and rearranging,
398324°=332 or a*=8335 or a=2887

We know that a=cm or c=ax2m=2887x2x10= 5774 Nim/s

and deflection of the system produced by the static force F.
X, = Fls = 150/10 x 10
We know that amplitude of the forced vibrations,

0015m

_ 0015 ___ o015
0.083+2.25
(57.74)2(50)> 30 N
(10x10%)2 316
=291 95410 m=9.8 mm Aus.
153

Amplitude of forced vibrations at resonance
We know that amplitude of forced vibrations at resonance.

10x10°

st m =822 mm Ans.





