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Damped free vibration of single degree of f

When damped free vibration take place, the amplitude of vibration
completely lost.

es small and finally is

The rate, at which the amplitude decays, depends upon the unt of damping in the system.
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¥, Different type of dampinp %

x Viscous damping

This is the most important type of damping and occurs for __ locities in lubricated sliding
surface, dashpots with small clearance etc.

Eddy current damping is also type of viscous nature. it of resistance will depend upon the
relative velocity and upon the parameter of the damping s
N

I v ?—?Tmmewﬂfpr’a{x M

I rd
[+
(" ) 4 L .
. _g T R Y € . .,P(lip_
o NisCoR ;1‘5/ I T

Consider two plates are sepa
to the fixed plate wit
expressed as;

d film of thickness t. The upper plate is allowed to move parallel
e net force F required for maintaining the velocity Tof the plate is
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F=— B
¢

Where, A = Area of the plate
t = Thickness

a= Coefficient of absolute viscosity of the film

Where,

Where, c is viscous damping coefficie
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x Dry friction or coulomb damping

or un- lubricated. The
rubbing velocity.

This type of damping occurs when two machine parts rub against e
damping resistance in the case is practically constant and is inde

General expression for coulomb damping is:

w -

Where,
a= coefficient of friction

4C= Normal reactio
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¥, Structural damping

This type of damping is due to the internal friction of the molec
vibrating body is not a straight line but forms a hysteresis loop. Th
dissipated due to molecular friction per cycle per unit volume.

— strain diagram for
hich represents the energy
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The energy loss per cycle,
E= &a#d
Where,

A = amplitude of vibration

a= dimensionless damping factor

E= U#b
Where,
U=eG3a
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¥, Energy dissipation in viscous damping

For a viscously damped system the force,
F=cT& c%z

Work done, dW = F.dx = (c%jdx

The rate of change of work per cycle i.e. energy di

¢=1 ((de=1" (e Hd

L _ 6/ X8 g
i, ?({2‘ dt

o=
If response is simple harmonic,
x=Asin iP

X

(i‘j 6= A6#%cos i Ip®
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o= e?md

The max kinetic energy of the system,
\ _5 _ 5,

E=(-.")ace= | TBoe= | A%#°

Theratioof ¢'/ ',

U= &%= _0
3/, _'a . 0.
- 60
U=—
a

Where Uis constant and known as sp capacity of the system.
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¥, Differential equation of damped free vibration

....... . SRR, j. Sym— y
TN
A 3
pl" _—lﬂ’ﬂw—l—-'- e = &,
A
/ < : ;
ey o i e ., "r .) ﬂ,

The equation of motion,

MmT#FcTEkx=0

'4—“" S PP
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Above equation is a linear differential equation of 2" order and solution

X= A®S

Then

| A% 20 GX°E0
(1 G+cs+G A0

| G+cs+G0

The above equation is called characteristic

0

go=—+ S@A F-
General solution for free damped v ' gle degree,
X= 2% Ao+ 9 A0S

Where % and % are e determined from initial condition.
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Critical damped coefficient

If roots of characteristic equation are real and equal then the val efficient is known as

critical damping coefficient, i.e.
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Damping factor or damping ratio

The ratio of damping coefficient to critical damping coefficient is
ratio.

ing factor or damping

Yy
b=

C< C, or b< 1, system is unds
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Over damped system (P> 1)

General solution,

x= %A? >¥ P9 064+ gpA? ?¥ 9 e

For critical condition, x = : 4
]—» At t=(
And T& 0

Solving for the condition,

X = 6¥N'__,)5[@p+ ¥P F1AL? >¥ 79 oo TAL? 2¥ 79 ug]
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Critical damped system ( b= 1)
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T s

Solution,
x= (% %BPA o

For initial condition,
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x Critical damping is smallest damping for which response is non-oscillatory
x With Critical damping system will have steep fall in displacement
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Under — damped system ( b< 1)

For under — damped system, roots of characteristic equation,

Ss6=(-Pt ¥P F1) fiy

Sge=(-Px B F P) fig

General solution,

x= A 0S[opAl¥5? ) ucy o PU¥57 ) ug

(YL FP)fg = A, (fix= @=ILA@PQBANAMQAJI?U

For initial condition,

X=:
4]_,At t=
And T&O0

X=—=A USsin( AP T)
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Where, 1 =tan?5li?'p
. N PR
Amplitude = —— A" U¢
¥52 .

Which is seems to decay exponentially with time. Theoretically, the system will never come to rest,
although the amplitude of vibration may become infinitely small.
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: _6  _ 6
Period, 6, = )

x Logarithmic decay

It is the ratio of any two successive amplitudes for an under-damped system vibrating freely is constant
and it is a function of damping only.

Consider two points A and B, corresponding to the times R and R.

_6 __ 6  _
SRR Ty TS

Amplitude of oscillation for under-damped system is

Amplitude = AV

57 -
Therefore,
N
Xg= . N UG
¥57
N
Xg= S VAV
¥57
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l=o A UG ?6) = A 06

This is called logarithmic decay, is denoted by U

. \= 6
U=In— = —
\s ¥5? -
- \ \ . \ \ 7.
U=In— =In— =In—=.......... In ——
\ \ \, \g
- \ \. \ \ g7.
JU=In—+In—+In—+.......... In —47=
\. \ \, \ g

- VoL \g7.
JWEIn T

JU= In\\—’

d
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\ 3/4=Tl,J U

Here, amplitude = n+1

Cycles=n-0=n
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x Amplitude decay in coulomb’s damping
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Here Mass is moving from LHS to RHS and initial displacement s - : 4
Equation for motion
mT#kx+F=0
Solution,
x=Acoy ¥G | ) P+ Bsin( ¥G | ) P F/k

Initial condition,

160
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ThisgivesA=(-:4+ FHk),B=0

x=(F:4+ Fk)coqd ¥G 1) P-F/k

This solution holds good for half cycle, when t = — half cycle is complete.
Displacement for half cycle

X=(F:4+ FIk)cose +F/k= :,F2Fk

The critical displacement : ,is redundant by 2F/ k in half cycle and in full cycle, it is redundant by 4F/ k.
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