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QUESTION BANK
PART A

Q. 1.What are the two degree of freedom system?

Ans. The system which requires two co-ordinates to describe its motion completely is called two
degree of freedom system. In a two degree of freedom system there are two masses which have
two natural frequencies and two co-ordinates are required to specify the configuration of the
system completely.

Q. 2. Define ‘Normal mode of vibration’?

Ans. In a two degree freedom system there are two natural frequencies of the system. The system
at its lowest or first natural frequency its first and next higher i.e. second natural frequency is
called its second mode. If the two masses vibrate at same frequency and in phase it is called
principal mode of vibration. If prncipal mode of vibration the amplitude of one of the masses is
then it is known as normal mode of vibration.

Q.3. Draw the mode shapes for two rotor system.

Ans.
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Rotor
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Torsional Vibrations : Consider fig. 5.2. A shaft AB is carrying two rotors of moment of inertia |
and ‘2 Let and °2 be the angular displacements of rotor at any .instant from mean position. The
equation of motion can be written s, any .instant from mean position. The equation of motion can

be written s,
L 6 =-K;(0,-6,)

1,0, + Ky (6,-6,) =0

Put,
0, = ay sinwt, 05 = ay sin wt
él =~y w? sin wt
0, = - w?6,, similarly, 0,=-w?6,

Putting these values in (I1) and (1V)

Il><—w201+KT(a1-a2)sinwt=0

©—1; w? ay sin ot + Ky (a) - ap) sinwt =0
~w?1ag+ Ky (ap - a5) =0

12><—w292+ Ky (a5 - ap) sinwt =0
I:,_><-wzxazsinmt‘wL Ky (1, - ay) sinwt =0
Lw?a,+ Ky (ay-a;) =0

w1 a; + Ky (ag-ap) =0

w?lyay+ Kp(ay,-ay) =0

Ky - Lw?) ay -Kpap, =0

~Kpay+ (Kp-lw?)a, =0

Solving by determinant

(D)

. d,
{I1) [ 6, = e

(11D

V)

VT




_KT

s 2
RT — 12w

2
K.il Ilw

_KT

(Kr- h @?) (K - Lw?) -K2 =0
Ki2-Kplo? - Ky o+ 1 ot -Kp? =0

0

@? (I w?-Kp 1 -Kp k) =0
. w2 =0
w0, =0 (1)
L Lo?-Kp(l+1) =0
K. (L +1,
Wy = —L(' 2) rad/s -(2)
2 L, |
Put value of w, = 0 in (VII)
a1 KT"KTHZ =0
a. .
—+ =1 -(1X)
9
From (VI1I1)
2
a _ K;-Lo
a, KT
2
a4 _ L
a, - Ky
K. (I +1,)
Put value of Wy = |———2radfs
L
4 g b Kl
) K, L1,
a | -1
L o=1-he2)=—2
a2 [1 [1




It shows that the angular displacements of rotors are inversely proportional to their inertia.
The section of the shaft where angular displacement is zero Is known as node. First Mode shape

S

w; =0, L=1
. a2
a4 l .
a, mode '1' a,
w,;=0
Second Mode Shape
- U+ip o -l
I R
iz % !
‘ Node is a point, where
' displagement
I ’ is zero
| e a; (Iy)

K. (1, +1
w = —l(—'——z)radfs
L1,

Q. 4. What is a semi definite system? Determine the frequencies of the system?

Ans. Semi-Definite Systems : The system having one of their natural frequencies equal to zero
are known as semi-definite systems. The example of the type of system is when two masses m1
and m2 are connected by spring K




AR

my X =-K(x; - x,)

mE Ky -x) =0 "
my Xy ==K (x3-xy)

sy Xy + K(xy-x,) =0 | (1)

Xy = A; sin [(wt) + ¢]
Xy = A, sin [(wf) + @]

X =~ A, 0?sin [(of) + ¢]

X, =- A2w2 sin [{(wt) + @]

my % = Ap w?sin (@t + @) + K(A] ~ A,) sin (wt + ¢} =0

- (K-mwe?) A -KA, =0 (11T
my % ~ Ay w?sin (wt + @) + K(A, - A;) sin (wt + ¢) = 0
-KA; + (K-myw?) A, =0 w(IV)

The equations (III) and (IV) will have non-trivial solutions if ;

IK - mlw2 -K ' :
_ l _K K —m.w? =0  [Take determinant of following matrix]
y 27 .

(K -my w?) (K-myw?)-K>=0
K2 - iy Kw? - iy Kw? + myn, wi-K? =0 '
my iy 0t - mKo? -y Kw? =0




w* - —Kfa)z— l(wwz ={)
m, om
K K
CU'Z (wz_*—‘_} =)
m, oy

w, =0;

Q. 5. What is co-ordinate coupling? Determine the natural frequencies of such system

with dynamic coupling? (V.V. Imp.)

Ans. Co-ordinate coupling. When we apply brakes on a automobile two motions of car body

occur simultaneously.
(1) Translatory (x)
(2)angular.

This type of unbalance occurs on the system because centre of gravity (C) of car and centre of

rotation do not coincide.
m—Massofcar

[-*MOI

X — Translatory motion

0 — Angular Motion

Equation of motion can be written as :
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mi ==Ky (¥ - 10) - Kq (x+ [ 6)
mi + (K + K a - (Kplp-K 1) 6=10

10 =Ky (x - 1) [, - K, (x + L),
16 = (K, L=K L) x+ (K 2+ K L) 0=0 (1D

=n (1) and (1) are coupled equations as both equations contain x and 0 terms
If

K1} =K, L, then;
mi + (K + Ky x =0~ ~(lI) [complete translatory equation]

3 ) N op
1.9 Ky K A 6 =0 -(IV}) [oscillatory equation]

Equation Il is of translator nature.
Equation 1V is of oscillator nature.

K.l
These are uncoupled differential equations and when !

coupling.
The natural frequencies of the system are:

17K . :
then it is called dynamic

o L
K, +K 2 2

o, = \/_.L_J_ radss, wy= ARG s

m - V B

Q. 6. What are vibration absorbers ? Prove that spring force of the absorber system is
equal and opposite to the excitition force for main system to be stationary?




Ans.Vibration Absorber. When a structure which is excited by an external harmonic force has
undesirable vibrations, it becomes necessary to eliminate them by coupling some vibrating
system to it. The vibrating system is known as vibration absorber or dynamic vibration absorber.
Vibration absorbers are used to control the structural resonance (consider the main figure)

K/2 K2

my l F sin wt

v

X

Fig. 5.5 Main System

The natural frequency of this system is

K
\/’”1 | When forcing frequency (0 becomes equal to
natural frequency of main system then resonance takes place. In order to reduce the amplitude of
mass ‘nzl’ it is coupled with spring mass system (m2 — K2) called Vibration absorber. The
spring mass system (ni2 — K2) will acts as vibration absorber andies the amplitude of nil to
zero if its natural frequency is equal to the excitation frequency

T e
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I'hen, when — = — the absorber is called tuned absorber.
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Equations of Motion

my ¥, =-K Xy - Ky (% - x) + Fsinwt

my ¥+ (K + Ko)xy - K, x, = Fsinwt
m2i2+K2(x2—x1)=0 \

X = Ay sin wt
x5 = A, sin wt

()

(1)

myx -w? Apsinwt+ (K + Ky Ay sinot-K; Ay sin wt = F sin wt

my x - Ay w2 sinwt -+ Ky (Ay - Aq) sinwt =0
Solving (III) and (IV) for A; and A,. From (IV)
K,A
Ay = i
. K, —myw

Putting in (I1I)

L
—KZAI

2
K2 - m,w

ALK + Ky -myw?) - =F

i)

~(IV)

A Ky + Ky = myw?] [Ky - myw?] - K2 Ay =F (K - my 0°)

A, [Ky Ky - Ky migw? + Ky2 - my @2 Ky - my Ky 02 + my my w* ~

F(K,-m,0")

Ay B

Where

B = [m1 niy wl - [m1 K2 + 1y (Kl + Kz)w] + kl k2]

-

FK
A, 2

= —

B

K,2] = F (K, - 1ty 0?)

V)

(V)




In order that amplitude of mass nil is zero
Put Al =0 (so that mass rnl must not vibrate)

= 2

e AT A O

'7 K
w = _—2', =Wy

s et T

The vibration absorber in . which mass and spring constant are selected such that the
above condition is satisfied becomes dynamic vibration absorber.
Let us assume

o>
I

F . .
ot En— = Static deflection or zero frequency deflection

=

= Natural frequency of main system

2

= Natural frequency of vibration absorber

$
]

= Mass ratio

—E |u3

Multiply N” and D’ by K, K,

R FK,-m,@?) [ [mmo’ —[mK,+m, (K, +K,)]0’J+K K]
! KK, KK,

Il
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3
A _ 2
4
Al @ - ﬁ+m2 +Ln}) 241
wl?“a)z" KI KZ 1
3
Cw?
]-—2“
Ayl =
A 4 ’ |
s Z) 7= (07 + 0’ +pe? Yo? +1
wy w,
- w2
1-—
ﬁl_ ~ - Wy Vil
A, 4 2 2 -t
Ay w w @ '
- —l:(1+#)“i+"i}+]
w] W) Wy @y
Simlilarly
A, K.K F KK ’
) 159 =
. _ & Ay= — ——7= where — =
. 8 [ 2 K; B 1 st]
A, L | 1 (VII)
Asr w? w? :
sz | () —5+—5 |+1
w; Wy @, @,

when A1 0, from VII

w =y




At A =0, A=
A, 1

I

A 2 2
a1+
U).l U):]_

Ay _ 1 1
A “ w? w>
AR R A
1 1 @y

A, -ep
st Ha
2 2
2 —w
Ay = Ay x-—1s = A, x 12
Uw KW,
-F Klmz -F U
Ay = ==~ w=w
2 ) muK, K, u [ 2l
m
y)
-]
L 1y
F=-A,K,

Hence when the amplitude Al = 0 i.e. main system becomes stationary the spring force
of the absorber is equal and opposite to exciting force. The energy of the main system is
absorbed by vibration absorber which is also called auxiliary system.

Amplitude of the auxiliary system is inversely proportional to spring constant ‘K2’.
This equation is used for design of absorber.

Q.7. Discuss the effect of mass ratio on natural frequency of the vibration absorber.

Ans. We know that

)
11—
2 .
ﬁ = _ ) (0
A 4 2 2
st w
> —|(1+u)—+—5|+1
192 w

12




By puffing w = W2 and equating denomination of the above equation equal to 0, we
Get

2
w

—(2+fu) —2+1=0
i

wea:-‘ 8.:.

Solving, we get
w _
(‘”2 } "1

Equation (if), gives two resonant frequencies

=l e ..(i)

N &=
L]

m :
Foru =025 .. —m—z = (.25 resonance occurs at frequency 0.78 and 1.28 times that of
1

main system
For resonance
w.=078w 0rw= 1.28 0,

0.25 0.50
m,
Y (E ).

Fig. 5.7 Effect of mass ratio on natural frequency

When u = 0.50, then resonant frequencies are ; w = 0.707w, and @ = 1.414 w{ i.e. resonant
frequencies are 0.707 and 1.280 times the natural frequency of main system.

For smaller values of mass ratio (4) the two resonant frequencies are found closer to
unity i.e. w = wy = 0,

For smaller values of mass ‘m,’ i.e. u =0 the forcing frequency w = w; = w, ie. 0 =
i.e. natura] frequency of main system becomes equal to forcing frequency and resonance

takes place. '

13




Q. 8. (i) What are the disadvantages of dynamic vibration absorber?

Ans. Demerits of Dynamic vibration Absorber : Th dynamic vibration absorber whether for
the rectilinear torsional system is fully effective at a particular impressed frequency for which it
is designed This means that main system will be stationary only for particular frequency. Thus
dynamic vibration absorbers are effective for constant speed machine but lose their
effectiveness with any change in speed of machines. Most rotors are likely to run throw” wide
range speeds so dynamic vibrations absorbers become ineffective.

Q. 8. (ii) Prove that all frequency of centrifugal pendulum absorber is always proportional
to the speed of rotating body.

Ans. Centrifugal Pendulum Absorber: It is effective at all speeds of rotation and is
improvement over conventional dynamic vibration absorbers. A pendulum PB of length ‘L’ is
attached to rotating member at point P which is at radius ‘R’ from centre of rotation

‘O’. The mass of bob of pendulum is ‘m’ and string is assumed to have a negligible mass. The
pendulum is subjected to centrifugal force which is neglected. The body is rotating with angular
velocity ‘w’ rad/s and of centrifugal force mw?2r is experienced by bob of the pendulum at radius

‘r’ from 0.

1B = - (mw?sin o)L

ml26 + (mw? rsin a)l. =0

T
0 + i—wz sina =0

[I = mL2 when mass of string is neglected, if mass of string/spring is

- m » ) ’ .
considered then ; 1= (nz-‘-?s)Lz » where m; > Mass of string]

R r :
sing m (Lami’s Theorem)
R r

It

: : = rsi = i '
sina Sin0 na=Rsinf

14




Equation (I) becomes,

v R
g+ Ew,%sina =0

sin@ =6 . (For small values of 8)
R

é+'{(329 =

0 :
_ |R&? R
LW, = _I(i'h;wn:a) \/grad/s |

.. R = Radius of rotation
L - Length of Pendulum
w,, > Natural frequency of pendulum

1 R
fu = Exw\/EHZ

R
f, =N \/f Hz

N - forcing frequency in rps
fo « N,

Natural frequency of pendulum is proportional to speed of rotational body.

Q. 8 (iii) Define order No.

Ans. Order No: The torsional system receives certain number of torques per revolution. The no.
of these disturbing torques per revolution Is known as order no. of the system

2-cylinder engine working on 4-stroke - Order No. =1

4-cylinder engine working on 4-stroke - Order No. = 2

6-cylinder engine working on 4-stroke - Order No. 3

Design of centrifugal pendulum absorber

e For pendulum absorber to be effective its natural frequency must be equal to excitation
frequency or frequency of disturbing torques.

15




Let T sin (r;wt) be the t01:que c;n L.C. _ehgine,'whege n-> Oraer No.

We know that ;
= .
F ()

b= NE
where f, is Natural frequency of pendulum absorber.

For effective working of pendulum absorber = 2

i.e. natural frequency must he equal to excitation frequency/frequency of disturbing torque.

from (i) & (ii)
i o R
2z VL
nw = 2aN \/E
L
nw = JB ‘
_ IR
n = —
1
R )
Hence Order No. = V—
‘ L
_ ﬁ
TENL (1)
from (i)
R
Lo =NNT
LR
N N

Hence order no. is ratio of natural frequency of the pendulum absorber ‘f* in rps to the forcing

frequency N’ in rps.
Order No. is also defined as:

16




_ Disturbing torque impulse/sec
Revolutions per second

-
N

n = Disturbing torque impulse per revolution
Design equation is ; :

for particular IC. engine is known
For known values of ‘R’, the length of pendulum can be calculated.

Q. 9. Write short notes on:
(A) Untuned Dry friction damper
(B) Untuned viscous damper

Ans. (A) Untuned Dry friction damper or Untuned vibration Absorber (Lanchester
Damper) : This type of damper is very advantageous to use for torsional vibrations near
resonance conditions. It consists of two fly wheels mounted freely over a hub. The hub is rigidly
fixed to shaft undergoing vibrations. There are friction plates attached to the extension of the
hub. These friction plates apply pressure on the flywheel and are responsible for driving the
flywheel.

When the pressure. between the friction plates and flywheel is zero the relative velocity is
maximum but frictional torque is zero. There is no energy dissipation in such case. When the
pressure between the friction plate and flywheel is large due to large friction torque there is no
relative velocity between flywheel and shaft and energy dissipation is zero.

When the speed of the main system is such that torsional vibrations are present in the system
then the pressure between the friction material and flywheel is such that both frictional torque
and relative rubbing is present then there is dissipation of energy in the absorber which causes,
reduction in amplitude of the vibrations of the man system.

17
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dissipated

— Frictional
Torque

Flywheeis

Spring loaded bolt

1 LS
Feieiomm 0

/ Main system flywheel

Fig. 5.9 Dry Friction Torsional Vibration absorber

(B) Untuned Viscous damper (Houdaille Damper) : this types of damper is similar in principle

to the Lanchester Damper except that instead of using friction plates for dry friction damping,

this system uses friction damping. It consists of a freely rotating disc enclosed in the close-fitting
case which is keyed to the shaft. Normally the disc rotates at the shaft speed owing to the viscous

drag of the oil between the disc and the case. However if the shaft vibrates torsionally, viscous
action of the oil between the disc and casing gives a damping action.

18




Close fitting case

!
Viscous material (Qil = *;»—
|

.......

Freely rotating
disc

i Side view

I

Fig 5.10, Untuned Viscous Damper (Houdaille Dampoﬂ

Q. 10. Determine the two natural frequencies of vibration and the ratio of the amplitudes
of motion of mass m1 and m2 for the system shown in Fig. 5.11.

Ky

W
K;

%
Fig. §.11

Given:m, =15kg m, =08 kg, K; =K, = 40 N/m.

" Ans. Let at any instant masses m,; and m, are having displacements x; and x,
respectively.

Equations of motion can be written as

myE = - kyxg - ky (%1 — x3)

Assuming the solution of the form

19




X = A1 sin wt
and Xy = A, sin wt
So above two equations can be written as
Ak
= 2
A2 ) kl + k2 - mlﬂ)

The frequency equation can be written as

(ky + ko ~ iy 2) (ky ~ my0?) - k3 =0

k +k, k k,k
or w4_(___1_2_+__2_]w2+_._1_,2_ i

ml n12 ml "12

Putting k; = k;, =40 N/m and m; = 1.5 kg ; m, = 80 kg
) (80 40) 2, 40x40
o | —+ =0+ ——— =
15 8 1.5%x8
w*-103.33 w? + 1333.33 =0 _
@y = 9.39 rad/sec ; w,= 3.88 rad/sec.

k 40

- T . _
T'he amplitude ratio K +k2~mlcu2 20+4-15(939)

A 40

d : ‘ -
an A,  40+40-15(3.88)

=0.696

Q. 11. Solve the problem shown in Fig. 5.12; m1 10 kg, m2 = 15 kg, k = 320.N/m.

x1 XZ
K
| ™ e m, |
Fig. 5.12

2 5 =-0.765

20




Ans. The equations of motion can be written as

myE, tk(x)-xy) =0;my¥y +k(xy-x7)=0

Assuming the solution of the form

xp = Ay sin wt ;x5 = Ay sinwt
-mw? Ap+ k(A=A =0
- myw? Ay + k(Ay- Ay) =0

A, k

Amplitude ratio, — = ———
A,  k-muw
él B k- m2w2
A, k

The frequency equation is obtained as

k B k~m2w2
k -m.w? k

1

ot - w2k M)

?’i’l]m2 -
w2 - E(ml +1“L) =0
mlmz
w; =0
o _ [k(m +m,)  [320(10+15)
) @27 m,m B 10x15
172
A
A =1.0
2 @,
A 320 -15(7.30)2 :
=27 ) - 149
A2l 320 -

=7.30rad/sec.

21




Q. 12. A vibratory system performs the motions as expressed by the following equations:

¥+800x+900 =0
0 +8000+90x =0

If the system is turned through 1.5 radians and released, find the frequencies and mode
shapes

Ans. Adding both the equations, we get

(+6) + (800 +90) (x + 6) =0
Assuming y; = x + 6 and substituting it in the above equation, we get
Y, +890y, =0
From this equation, the frequency can be determined as

_ w; = /890 = 29.83 rad/sec.
Subtraction of the given equations is written as

(¥-6) + (800 - 90) (x - 0) =0
Let us assume y, = x - € and putting in the above equation
i, +710y, =0 |
Thus frequency, @, = /710 = 26.64 rad/sec.

- Assuming the motion to be harmonic type as
X = x;sin wt
6 =6, sin wt
i =w?xysinot
= w? 6, sin wt

Again rewriting the given equations and substituting the values of and 0

22




~w2xy+800x,+ 900 =0
(- w? + 800) x, =906,

Yo __ % % .
6, ; _wf +800 -890+800
(substituting wf = 890)
and 6, = 1.5 (given)
So (xpgly = 1.5 %1 =1.5 (first mode)
Similarly, for the second mode shape
w0, + 8006, + 90 x, = 0
(-w? +800)6; =-90x,

[i) _ -w2+800  -710+800

oh T T

So (xg)p =-15

Q. 13. A machine runs at 5000 rpm. Its forcing frequency is very near to its natural
frequency. If the nearest frequency of the machine is at least 20% from the forced
frequency, design a suitable vibration absorber for the system. Assume the mass of the
machine as 30 kg.

Ans. The natural frequency of the system at 5000 rpm.

2aN  27xx5000
T 523.33 rad/ sec.

Assuming w = we can find two resonant frequencies from equation:

ety

The resonant frequencies are at least 20% away from the forced frequency of the main system.

So, we have

23




w/w, = 0.80
or : w/w, = 1.20
Whenw/ w, = 0.8, the value of u

(0.8)2 = (1+§)- (u+~’i:"]

pn =02
and for w/w, = 1.2 the value of
: @ =013

The larger value of u is taken for design purpose.

) m
# =02 = — = mass ratio

| M
m =02x30=6.0kg
k
w - —
1M
ky
w? =M

k; = @2 M= (523.33)2 x 30 = 821622 KN/m

k2

ky = w2 m = (523.33)% x 6 = 1643.24 KN/m.

Q. 14. Find the frequencies of the system shown in Fig. 5.13.

X -— A l—-—.-kx
K

!
T !
A oa 'V mg
TTTTT LTI TRy (x+1 6)

mog

PPPPPPPPPP7777

(b}
Fig. 5.13 '

[w =w,]
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Given : m, =2kg, m,=05kg
' K =90 N/m, I = 0.25 m.

Ans. Initially the pendulum rod is vertical and it is displaced by an angle 0 as shown
in figure (a) and free body diagram of forces is shown in figure (b). Let us assume that T is the
tension in the pendulum rod.
Resolving the forces vertically for ™2
myg =Tcos®

Resolving the forces horizontally, T sin O will be known as restoring force as it downwards and

brings ™2 to its original state. Horizontal displacement of "2 8% *1sin®

when 8 is very small, sin @ =6 and cos ¢ = 1.
So horizontal displacement = x +160

and acceleration = ¥+ 16
Horizontal force m, (¥ + 18) =-T6
S0 | myg =T and m, (i +10)=-T60
or my (% +1§)+T6 =0
mz(i’ +10)+myg0 =0, putT=myg
(¥ +10)+ g6 =0
or 16 + g0 = -%

Consider forces for mass rnl. All the forces are acting horizontally,

m ¥ =-kx+Tsin#
= - kx+T6
myi +kx-T9 =0
Putting T=myg

0

my ¥ +kx = mag0

Il

my i + kx - m,g0

Let us assume the solution of the form

x =Asinwt
and .8 =¢sinwt

Substituting these solutions in the above two equations, we get

25




~lo?¢p+gp-wr A =0

and -my 0% A+ kA -m,gp =0
é _..zw?ﬂ;.gm m,g
é w? . k-mw?

1

The frequency equation can be written as

(- 2 + g) (k- myw?) - w? myg =0
- Klw? + mylo? + gk - my go® - w?myg =0
_ (ki g+m, g’ L8k

w? =0

mll mll

_ (g my)g KL= [(my +my)g o+ KIP - 4, lkg
2m,l

So, w?

Substituting the numerical values in the above equation

2 (2+0.50)9.81+90 x0.25t\./ﬁ2+0,5)9.8] +90x 2512 -4 x2x0.25% 90X 9.81
7 .
2X2x%0.25 '

=245+225 + \[(24.5+225) - 1764

wy =8.25 rad/sec, w, = 5.08 rad/sec.

Q. 15. Find the natural frequencies of the there is no slip between cord and cylinder.
system shown in Fig. 5.14. Assume that

Given : k, =40 N/m
~ ky, =60 N/m
my =2kg
m, =10 kg

26




Ans. Let us give x vertical displacement to mass as shown. Since there is no slip between the
cord and cylinder, so vertical displacement x causes the cylinder to rotate by angle 0.

Writing the equations

my X =~k (x~1)

and 16 = ky(x-rf)r-k, r0

. 1
where ] = Emzr’2 = moment of inertia of cylinder -

Above equation becomes

18 + (k72 + kyrD)0 - kpxr =0
Let us assume the solution of the form
x = Asinwt, ¥=-w? A sin ot

0 =¢sinwt, § =-w¢sinwt

Substituting these values in the above equations
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- @? Amy + kA - kyrp =0
~w? 1@+ (kyr? + kyt?) ¢ -kpAr = O

A k2r
(ky = w? m) A - k19 =0, I k, ~w’m,

]

2

|

A krttk?-
(U + kyr? - 2T - ke =0, — = L2 %
¢ kot

= k312 + (k- 02 my) (kg2 + ko = @2I) =0
Also1=1/2 m,?

1 ) ' 1
- k; r+ k; ky r? +k§ re - ky 5 mzrzcu2 -w? k]m]r2 -w? m]kzrz + @2 my kw? “imzrz =0

2 2
Y 2 [ kzmzr
—_— _w ——-———-—-2

@

2 2 2
+k1mlr +m1kzr ]+klk2r =0

7 =

2 2 2
ml mzr I‘J‘ILt mzr m] mzr

kmr? 2k mr? 2mkr?) 2kk.r?
or wi-oe? 2.2y 1 12 (4712
mm,r

2k
w¥ - a? (ﬁ_+_l+2_k.z_]+2_kﬁ

=0
m m, m | mm,
2k, +k,) Kk 2k k
0)4-0)2[ (1 2).+_2—J+ kl'_"z ={)
m, my mynt,

Substituting the values of various parameters

o 02 [2(40+60)+@] , 2%40x60
: L 10 2 2x10
0t -2 (20 +30) + 240 =0
w? - 50w2 + 240 =0

o2 = ?0:,{2500-960 _ 50+39.24

2 2
‘wy = \f44,62 rad/sec = 6.68 rad/sec
w, = +/5.38 rad/sec = 2.32 rad/sec
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Q. 16. Two bodies having equal masses as 60 kg each and radius of gyration 0.3 m are
keyed to both ends of a shaft 0.80 m long. The shaft is 0.08 m in diameter for 0.30 m length,
0.10 diameter for 0.20 m length and 0.09 m diameter for rest of the length. Find the
frequency of torsional vibrations.

Take G = 9 x 1011 N/m?
Ans. -

Ky, J
Ky, 2., 2 ks, Jy

I 0.08m D.Im I0.0Qm
f¢—0.3m —»ie-0.2m>le— 0.3m —»|
Fig. 5.16 ‘

I =mk?=60x 3x.3=54kg m?
Gl;  9x10" x(;r /32)%(0.8)*

k, = —F=
L 30
. =1.2057 x 107 N - m/rad
LG 9x10" x (7 /32)x(0.10)*
2 _— - B

L, 2
=4.415 x 107 N-m/rad

G, _ 9x10" x(7/32)x(.09)*

ks =1, 3

=1.93139 x 10’ N-m/rad

where [ = maés moment of inertia, ], J, and J; are polar moment of inertia.
‘The equivalent stiffness of the shaft is given by

1 1 1
=— 4+ — 4+
k] k2 k3

N

Parts of shaft are connected in series
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- +-1—+——1«r)10“7
1.2057 4.415 1.93139

= (0.829 + 2265 + 51776)1077
k = 6.356 x 10° N-m/rad

k(I]+Iz) ~ _%E : N
LL VI s

(2 x 6.356 x 10°
I e

2
52 ) =1.534 x 103 rad/sec.

Q. 17. Two equal masses of weight 400 N each and radius of gyration 40 cm are keyed to
the opposite end of a shaft 60 cm long. The shaft is 7.5 cm diameter for the first 25 cm of its
length, 12.5 cm diameter for next 10 cm and 8.5 cm diameter for the remaining length.
Find the frequency of free torsional vibrations of the system and position of node. Take G =
0.84 106 kg/cm2

Ans. The system is shown in figure

400kg _ 400kg

e
® @
Pssemji25] *t75em

la— 25cm —»{10cm [4— 25cm —»

Id———_ GOcm——-——-——a-l

Fig. 5.16
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G ' 6 '
k, = (—J) = w x 71/32 x (7_5)4
1

o 25
= 10.43 x 10° kg-cm/rad

6
k. 084x10 4
b ST x g /32 % (12.5)
=10% x 201.2 kg -cm/rad
84x10°
kt3 = p%l x /32 % (8.5 =17.2 x 10% kg ~cm/rad

k., k, and k, are connected in series, so equivalent stiffiness of shaft
1 b 3

1 .1 1
Pl .
te k’i k'z kts
1 _6( 1,1 1)
k, ~197 (1043 20127 1722

k,, = 6.29 x 10° kg-cm/rad = 6.29 x 10% kg.m/rad

The expression for frequency is
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- kt(Il+12)

w
" I112
For the system, I, =1, =1I(say)
' w o, 400
5 = —k® = —= x (40)2 = 652.4 x 102 kg-cm?
So I P 9.81 x (40) : g-cm
21
wn = Kf 1‘2—

2K X 6.29 x 10*
w, = J Tf = \/2 6.29 x 10 = 138.86 rad/ sec.

6.524

Since I; = I, so the node will lie in the middle of the equivalent shaft.
Let us find the length of equivalent shaft

=4145cm

The middle of equivalent shaft is 20.72 cm from the left hand side.

Q. 18. Find the natural frequency of the system shown in Fig 5.17.
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Ans. Let us assume the whole system is moved to the right by x. The ball m, is displaced

by @ as shown in figure 5.18. The total movement of ball m, is x + 18,

The equations of motion are
For pendulum, . I—’ x
my (i+18) =-TO _(sin6 = 0) o
"
(T = myg)
my ($+16) + myg6 =0 -—Q—:’E‘!‘ .'
+16+g0 =0 (1) o
’ mg '
For mass m;, myi =T8 _ i wmg
myi -mg0 =0 w0
m, Fig. 5.18
or =89 : ()

1

Putting the value of ¥ from equation (2) in equation (1), we get

m, ;
—=g0 +16 +g0 =0
my

14+ [g+~'fﬁ]e =0
"y

é+(§+21-3-3-]0 =0 -

A omyl

. 8
9+;1:1-(m1+m2)6 =0

-

So | w, = m—ll-(ﬂﬁ +m, )

Q. 19. Derive the natural frequencies of the system shown in Fig. 5.19.

X

ALELELLRERRRRRRARNLY
—
Kol
' 3 '
" .
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Given m; =196 kg, k; = 98000 N/m

Ans. The equations of motion for the system shown in figure can be written as

myX) kg xptky (6 -xy) =0

Ny X, -ky (X1 -x) =0

Rearranging the above equations, we can write them as

my J\"] +kyxy kle ~kyx, =0

ny 5&2 + k2x2 -kyx; =0

Let us assume the solution of the form

X, = Aq sinwt

and _ X = A, sin ot
So ‘ jc'l = - @? Ay sinwt
¥, =-w? A, sin ot
2 28I«

The above equations can be written as

—mqw? Ayt kA kA -k Ay =0

or  (-mywltk +i)-mywdtky) -k =0

wimyniy - mykyw? - kytipw? + kyky — kymow? =0




So

2 1
ot - 02 (—-— +—L+

LA NLTI
m m m mlmz

2 1 1

Substituting the values of various terms, we get

w* 2100002 + 2 x 10° =0

Thus @, = 26.9 rad/sec. ; w, = 16.6 rad/sec.

Q. 20. Two rotors A and B are attached to the end of a shaft 50 cm long. Weight of rotor A
is 300 N and its radius of gyration is 30 cm and the corresponding values of B are 500 N
and 45 cm respecitvely. The shaft is 7cm in diameter for first 25 cm, 12 cm in diameter for
next 10 cm and 10 cm diameter for remaining length. Modulus of rigidity for shaft material

is 8 x 106 kg/cm2 Find:
(i)the position of node and
(ii) the frequency of torsional vibrations.

Ans. The configuration diagram is shown in

W, =300 N, Wy =500 N

W 300
or ,mA 2 981 4
Wp 500
‘ B
= =2 & Tk,
and my P 5.8 g

K, =30cm, Kz =45cm

G=8x10"kg/em”

t?cm '12*cm ; 10cm

e 250m—wia-10cm-de— 15cm —|

Fig. 5.20

The shaft may be converted into a torsionally equivalent shaft the length of which is given by

(Assuming d =7 cm)




. d 4 i 4 )
I=1,+1, (E] +1, [Z] = 29.76 cm

Let N be the position of node for the two rotor system and the length of two parts of equivalent
shaft be 1A and 1B as shown in Fig. 5,21.

>

SO, I=IA+IB

We know that,

A Vil

(where ] = Polar Moment of inertia of shaft)
] =n/324% '

G 14 G ¥4 4
or — ﬁd‘l) = — (—d )
LN (32 I, \32

Iy _ 1y _ mgKj _ 500(045)"x9.81
9.81x300%(30)*

2
B Ly m Ky

or

=3.75 ‘ ..(1)

From equations (i) and (ii), we get
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Now

Since

- or

[, =23.5cm, 3 =626 cm

6
- _(E_ i[_d‘l _ Ws—ng_ﬁ_xi('?)‘i
“B = \T,L 32 2P 452 x6.26 2
| 981
= 540.24 rad/ sec.
wy = w, = 540.24 rad/sec.
540.24

fB=fa= “on 85.98 cycles/sec.

Q. 21. what is a two degree system?

Ans. In a two degree freedom system, any point in the system may execute harmonic of the two
natural frequencies and these are known of vibration. Let us assume the motion of two masses is

simple harmonic and is represented as

Xy = X sin wt

Xy = X, sin wt

where X1 and X2are the amplitudes of two masses respectively and are referred as

principal co-ordinal.

Q. 22. Derive the equation of motion of the system shown in figure below and find its

frequencies.
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.T”f

070

m28
1 my
: i
X2
Fig. 5.22
Ans.
m, x1 = -2 Kx-l-mT sin 6
mlk'l +2Kx—Tsinf =0
m, x; +2Kx—TQ =0 (1)
Now myg =T cos 8
When 8 is small, cos@=1
myg =T
Putting in equation (I), we get -
m, x, +2Kx - ngQ =0 (I1)
m,x, =—Tsin®
my (¥ +16) =-T8 [x, = x, +16]
m, (x, +18)+T0 =0
m, (x, +16)+m,g6 =0
1+g0 = —X 111
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m-lg+m2g+2KliJ(mlg+ng+21(l)2_4x2Kg
, m, 1 m, m,l
w-= 2

_ myg+m,g+2KIE Jom, g +m,g+2KI? —8Kg m,1
' 2m1'l '

w?

' : 1/2
Yo m g+m,g+ 2K11J(mlg+ m2‘¢g+2l(1)2 —8Kgm,l
2m,l

Let x; = Asinwt; X = -A ? sin wt

6 = ¢sinwt ; §=-¢sinowt
Equatidn (II) becomes
-m,w’A+2KA -m,gp =0

. AQK-mw?)~(m,g)¢ =0
A Mg | .
¢  2K- mlw2 -

Equation (III) becomes
—l¢w2 sinwt+ g ¢sinwt = A w?sin ot

¢ (g - lw?) = Aw?

A - lw ..
i g 2 (1))
A myg  g—lw?

¢ 2I<—mlw2 w?

The frequency equation can be written as
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m, gw? = 2Kg— ‘21<la)2 —m, g’ -l-mllau4
m lw* — (m, +m,) go® —2Klw® +2Kg =0

_[mlg+ng+2Kl}w2+2Kg .

4
@
mll : mll

Q. 23. What are various methods available for vibration control?

Ans. Various methods of vibration control are
1. Vibration Absorbers (centrifugal pendulum absorber, Lanchester damper, Houdaille damper).
2. Vibration Isolation materials like rubber, cork, felt, pad etc.

Q. 24. Calculate the natural frequency of a shaft of diameter 10 cm and length 300 cm
carrying two discs of diameters 125 cm and 200 cm respectively at its ends and weighing
480 N and 900 N respectively. Modulus of the rigidity of the shaft may be taken as 2 x 1011
N/m2.

Fig. 5.23 -

1 =300cm =3 m

d=10cm =0.1m
w,; =480 N -
w, = 900 N

C =2x10"T N/m?

= 9.56 kg.m?

L% _ 480 >¢(6.2.5)2 1

17 5 2 T981 100/ X2

. =30__2_ﬁ_9oox(100)2 LA

2= ¢ 2 981 *\io0) X3z ~4>87kgm
CJ

Kr =7
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= g4 _ T 4 _ —6 .4
J = 354 =35(10)* =9.81x107¢ m

I =3m

_ 2x10'"' x9.81x10"°
3

K1 = 6.54 x 10° Nm/rad

K_(I,+1.)
w, = T3, o rad/s
. 12

6.54 = 10° (9.56 + 45.87)
9.56 x 45.87

8
[

- 287.52 rad/s

_ w, 28752
S 27  2x

= 45.78 Hz

Q. 25. What is the difference between a vibration absorber and a vibration isolator?

Ans. Vibration absorber is a s ring mass system attached to the main vibratory system to absorb
the vibrations whereas vibration isolators are material like cork , rubber, felt, pad etc. which are
used to isolate machines from its foundation and support. These vibration isolation absorb the
shocks forces set up in the machinery and prevents the damage of foundations and supports.
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PART B

1. Draw the mode shapes for two rotor system.

AnNS.

Rotor -
! S
= e
K A — B
my, Iy

— (), &0, are the angular
displacements of two rotors

Fig. 5.1 Fig. 5.2

Torsional Vibrations : Consider fig. 5.2. A shaft AB is carrying two rotors of moment of inertia |
and ‘2 Let and °2 be the angular displacements of rotor at any .instant from mean position. The

equation of motion can be written s, any .instant from mean position. The equation of motion can
be written s,

L 6 =-Kp(6,-0,) (D)
. ‘ . d,
16, + Kp (6 -0 =0 0D L6 =T |
L0, =-Kp(0,-6y) - . ..(1I)
) | .d%, ]
1,0, + Ky (6,-6;) =0 (V) | 0y =
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Put,
0, = ay sinwt, 05 = a, sin wt

s 5 .
91 = -y w* sin wt

6, =-w?0,, similarly, 6, = - 0?6,

Putting these values in (I1) and (1V)
I x - w?* 0, + Ky (ay - a5) sinwt =0
© -1, 0% ay sin ot + Ky (g - ay) sinwt =0
~@? 1) ag + Ky (g -a5) =0
I, % ~@? 0y + Ky (a5 - ay) sinwt =0
PR - w? x g, sin wt + K (15 - a5) sin ot =0
Lw?a,+Ky(ap-ap) =0
w? 1 ay + Ky (ag -ap) =0
w2y ay+ Kp(a,-a;) =0
(K; - Lw?)ay -Kpa, =0
= Kpap+ (K- Izwz) a, =0

Solving by determinant

2 —

K, -l K. .

c 2| =

~-K; K, -Lw

2 .
(Kp- L 0?) (Kp - Lo?) - K2 =0
K2-Kplo?-Kp L o2+ [ ot -K? =0
w2, Lw?- Kyl -Kp L) =0
‘ w? =0
@1 = 0
L w? - Ky (I + 1) =0

Put value of w; = 0 in (VII)
M KT - KT ay = 0

Qa .
)

From (VIII)

(V)

(VD)

(1)

e

-{1X)
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a _ KT—lzw
a, K-T
2
4 L
A Ky
Put value of w,

Sls

The section of the shaft where angular displacement is zero Is known as node. First Mode shape

K (1, +1,)
[ll2

. ] ",
=1_.(]+l] =_—2
L, I

It shows that the angular displacements of rotors are inversely proportional to their inertia.

S

i
(o]
K
1]
—

v

mode '1’ a,

mwy = 0

Second Mode Shape
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Node s a point, where

displacement
is zero

K. (I, +1
w = __T_.(_l___:z_)_radfs
L1

2. Find the frequencies of the system shown in Fig. 5.13.

t N
X g N
_: X |
K \ T 'Lg‘{
—VWWA—R 6 ™9
YTTTETYTTERVITRTTO %+ 6)
m2g
(b}
Fig. 5.13 '
Given : m; =2kg m,=05kg

K =90 N/m, [ = 0.25 m.

Ans. Initially the pendulum rod is vertical and it is displaced by an angle 0 as shown in figure (a)
and free body diagram of forces is shown in figure (b). Let us assume that T is the tension in the
pendulum rod.Resolving the forces vertically for ™2

myg =Tcosb

Resolving the forces horizontally, T sin O will be known as restoring force as it downwards and

i its origi - : mty is x +1 sin .
brings ™2 to its original state. Horizontal displacement of 2 *** ™1
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when 8 is irery small, sin 6 ~6 and cos 8 = 1.
So horizontal displacement =x+18

and acceleration = ¥+ 18
Horizontal force m, (¥ + 16) =-T6
' So | myg =T and m,(i +10)=-T6
or my (% +10)+T6 =0
m2(1 +10)+myg0 =0, putT=myg
(x +18)+ g6 =0
or 160 + g0 =-%

Consider forces for mass m1. All the forces are acting horizontally,

my ¥ =-kx+Tsin@
= _kx +T6
my i +kx-T9 =0
Putting T=myg

my¥ + kx -m,g0 =0

my i +kx = m,gb

Let us assume the solution of the form
x = Asinwt
and .9 =¢sinwt

Substituting these solutions in the above two equations, we get

: ) ~lo?¢p+gp-wrA =0
and -my 0% A+ kA -m,gp =0

A N -1w2+g o myg

¢ w? . k- mw

2

The frequency equation can be written as
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(- 2+ g) (k- mw?) - w? myg =0
- klw? + mylw?® + gk - my gw? ~ w?m,g =0

- Vo2
W (ki+m, g+m, g)w +£}_¢_

=0
‘mll mll

(m, + m2)3+ ki i\/[(m1 +m,)g+ kl]2 - 4m, lkg
2m,l

So, w? =

Substituting the numerical values in the above equation

5 _{2+0.50)9.81+90 x 0.25* J/[( 0 :))98]+9Gx25] -4 xX2X0. 25><90><981
2x2x0.25

=245+225 = \[(24.5+225) - 1764

=47 + 220941764 =47 + 21.095
w; = 8.25 rad/sec, w, = 5.08 rad/sec.

3. Find the natural frequencies of the there is no slip between cord and cylinder system
shown in Fig. 5.14. Assume that

Given: ky =40 N/m
k, =60 N/m
m; =2kg
m, =10 kg

Fig. 5.14

Ans. Let us give x vertical displacement to mass as shown. Since there is no slip between the
cord and cylinder, so vertical displacement x causes the cylinder to rotate by angle 0.
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Writing the equations

my X =-ky(x~)

and 16 = ky(x=-r0)r-k 0

1
where ] = 5"‘2’2 = moment of inertia of cylinder

Above equation becomes
10 + (k72 + kyr2)0 — kpar =0
Let us assume the solution of the form
x = Asinwt ¥=-w? A sin wt

0 =¢sinwt, § =-w?¢sinwt

Substituting these values in the above equations

-@? Amy + kA - kyrp =0
—w? 1@+ (kyr? + ko) ¢ —kyAr =0

A k2r
(ky - w?my) A -kyrp =0, ; B kz‘wzml

klr2 + k2r2 -w?l
kzr

"

(kP + kot - w2 1) - korA =0, %

—k2P2 + (ky - 02 my) (kP + kyr? = 21) = 0
Also 1=1/2 myr?

1 : : 1
~K2EP+k ky +k3 2 -k, 3 mr?w? - w? kymyr? - w? mikyr? + w? my kw? -imzrz =0

2 2
mm,r k,m.r
4 12t 2 %M 2 2 2 -
w Er— w ( > +k1m]r +_m1k2r ]+kik2r =
k,mr? 2k, m,r® 2mk.r?\ 2k.k.r?
mun,rS  mm,r m,m,r m,m,r
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k 2k, 2k 2k k
ot - w2 (—2—+—l+—2-]+—-—k1 Z o
ml mz m2 m1m2
2(k, +k k
I S [_(_‘1___2_2+_ﬁ2..J+ E_kﬁ =0
M, m | mym,

Substituting the values of various parameters

2(40+-60) 60 2x40x60
w4_w2 -t ———
10 2 2x10

w0 - w? (20 +30) + 240 =0
w?-50w2+240 =0

_ 50+,/2500-960 _ 50+39.24

2 2
‘wq = /44,62 rad/sec = 6.68 rad/sec
w, = /5.38 rad/sec = 2.32 rad/sec

w?

4. Find the natural frequency of the system shown in Fig 5.17.

i

Om,

Fig. .17
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Ans. Let us assume the whole system is moved to the right by x. The ball m, is displaced
by @ as shown in figure 5.18. The total movement of ball m, is x + 18,
The equations of motion are

For pendulum, . I—’ x
my (i+18) =-TO _(sin6 = 0) o
"
(T = myg)
my (+16) + mygf =0 —
" L
¥+10+g0 =0 -(1) A
’ mg '
For mass m;, myi =T8 _ i wmg
myi -m,gf =0 (cei6)
m, Fig. 5.18
or =89 : ()

1

Putting the value of ¥ from equation (2) in equation (1), we get

m, ;
—=g0 +16 +g0 =0
my

14+ [g+~'fﬁ]s =0
™ _

I ml

é+(§+21-3-3-]0 =0
' 1

. 8
9+;1:1-(m1+m2)6 =0

-

So | w, = m—ll-(ﬂﬁ +m, )

5. Two bodies having equal masses as 60 kg each and radius of gyration 0.3 m are keyed
to both ends of a shaft 0.80 m long. The shaft is 0.08 m in diameter for 0.30 m length,
0.10 diameter for 0.20 m length and 0.09 m diameter for rest of the length. Find the

frequency of torsional vibrations.
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Take G = 9 x 1011 N/m?
Ans.

K, J
K. J 2., 2 k3. J3

] 0.08m 0.m ] 0.09m

[¢— 0.3m —»1€-0.2m->le— 0.3m —»|
Fig. 5.16

I=mk?=60x.3 x .3 =54kg m?

w2 Sh_ 9x 10" x(7r/32)x(0.8)*
o 30
: =1.2057 x 107 N - m/rad
_GJ, 9x101 x (7 / 32)x(0.10)"
b= T 2

= 4.415 x 107 N-m/rad

Cla  9x10" x(x /32)x(.09)*
BT, T 3 T

=1.93139 x 10’ N-m/rad

where | = mass moment of inertia, ], J, and ], are polar moment of inertia.
‘The equivalent stiffness of the shaft is given by

1 1 1
= — —_— 4
K Tk Tk

=

Parts of shaft are connected in series

= r 1, 1 )1 -
1.2057 4.415 1.93139
= (0.829 + .2265 + .51776)1077
k = 6.356 x 10° N-m/rad

k(I, +1
( 2l _ if1, =1,

[2x6 356x106
w = -

= 1.534 x 103 rad/sec.
5.4

6. Derive the equation of motion of the system shown in figure below and find its
frequencies.

51




:

X4

=
3

.....
vvvvv

A\
Y
E o~
Fig. 5.22
Ans.
m, xl = -2Kx+Tsiné
m, x, +2Kx—Tsin 6 =0
m, x, +2Kx-—TQ =0 (I)
Now myg =T cos @
When @ is small, cos@=1
myg =T
Putting in equation (I), we get -
m, x, +2Kx - ngQ =0 (1)
m,x, =—=Tsin®
my () +16) =-T8 [x, = x, +16]
m, (x, +18)+T6 =0
m, (x, +10)+m,g6 =0
16+g6 = - x «(III)
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mlg+m2g+2Kl+J(fnlg+m2g+2l(l)2_4x2kg

. mll mll mll
o= 2

o2 o m1g+m2g+2KZt\/(mlg+m2g+ 2KI)? —8Kg ml
' 2ml

» : 1/2
Yo m g+m,g+ 2K1iJ(m13+ m28+2K1)2 —8Kgm,l
2m,l

Let x; = Asinwt; X =-A w? sin wt

6 = ¢sinwt ; §=- ¢ sinwt
Equatidn (II) becomes

2
Tme A+2KA—ng¢ =0

) A QK -mw?)=(m,g)$ =0
A _ m,g | .
®  2K- mla)2 -0

Equation (III) becomes

—l¢w2 sinwt+ g ¢sinwt = A w?sin ot

9(g-lo?) = Ao’
A —lw? .
Fi g 2 (1))
A mg _g—lw?
9 - 2I<—-m1w2 w?

The frequency equation can be written as
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m, gw? = 2Kg— ‘ZKIa)2 —m, g’ -l-mllau4

m lw* — (m, +m,) go® —2Klw® +2Kg =0

2 ‘
mlg+ng+2Kl}w N 2Kg o

{
4
w = ml m,1

7. Calculate the natural frequency of a shaft of diameter 10 cm and length 300 cm
carrying two discs of diameters 125 cm and 200 cm respectively at its ends and
weighing 480 N and 900 N respectively. Modulus of the rigidity of the shaft may be
taken as 2 x 1011 N/m2.

Fig. 5.23 -

I =300cm =3 m

d=10cm =0.1m
w; =480 N .
ws = 900 N

C =2 %x10"1 N/m?

5 =9.56 kg.m?

Lo®n _ 480 x(52.5)2x1
1 g 2 981 7\100 2
2
w, r; 900 (100)2 1 -
= _272 _ 2= 2
b= % 2 =981 *\1o0) X7 ~ 4587 kgm
C]J
Ky = -
J = a5 d* =55 (10)* =9.81x 10 ° m*
I =3m )
2x10" x9.81x10°%
Ky =
3
Kp = 6.54 x 10° Nm/rad
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K_(I,+1,)
T Y1 "2
w,, = i1, rad/s

I

6.54 % 10 (9.56 + 45.87)
5.56 < 45.87

g
!

- 287.52 rad/s
w 287.52
Tu = o =T am T 4578 Hz

8. What is co-ordinate coupling? Determine the natural frequencies of such system
with dynamic coupling?

Ans. Co-ordinate coupling. When we apply brakes on a automobile two motions of car body
occur simultaneously.
(1) Translatory (x)
(2) angular.
This type of unbalance occurs on thesystem because centre of gravity (C) of carand centre of
rotation do not coincide.
m—Mass of car
I-*MOlI
X — Translatory motion
0 — Angular Motion
Equation of motion can be written as :

I [
) BB \:\‘otatiorr
a;

a, [ »-ﬁ__“#‘(% _
T __151/X+J'1H
SR

X— Lt ix
T7TIITTTTTT I 7T 7 7777

mx :_Kz(l_lzﬂ)”K] (l'{“l] 9)

10 =Ky (x=19) [ - K, (x + 1)
10 = (Ky b= Ky 1) x+ (K, 12+ Ki)o=0 ()
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=n (1) and (II) are coupled equations as both equations contain x and 0 terms
If

mx + (K + Ky x =0-" ~(Il)  [complete translatory equation]

. ) e a
1,9 Kyl K 1‘17) =0 " -.(IV) Joscillatory equation]
Equation 111 is of translator nature.

Equation 1V is of oscillator nature.

. . . K]ll = KZ i2
These are uncoupled differential equations and when
coupling.

The natural frequencies of the system are:

then it is called dynamic

K +K 2 2
Wy = \/“1—-“1 rad/s, w, = %K’I‘ K0 rad/s
m . V i

9. What are vibration absorbers ? Prove that spring force of the absorber system is
equal and opposite to the excitition force for main system to be stationary?

Ans. Vibration Absorber. When a structure which is excited by an external harmonic force has
undesirable vibrations, it becomes necessary to eliminate them by coupling some vibrating system
to it. The vibrating system is known as vibration absorber or dynamic vibration absorber. Vibration
absorbers are used to control the structural resonance (consider the main figure)
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WY

K/2 K2

AAMA

m, l F sin wt

4
X4

Fig. 5.5 Main System

K
The natural frequency of this system is\/ml When forcing frequency (0 becomes equal to natural
frequency of main system then resonance takes place. In order to reduce the amplitude of mass
‘nz1’ it is coupled with spring mass system (m2 — K2) called Vibration absorber. The spring mass

system (ni2 — K2) will acts as vibration absorber andies the amplitude of nil to zero if its natural

Then, when

WS

Ky/2 S Kq/2

Main m, l F sin wt

System
1 Vibration

Absorber

1

‘:-}%E

AA
v
K

Fig 5.6

Equations of Motion

my %, = - Ky xy - K; (% - xp) + Fsinwt
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my &+ (K + Ky - Ky x; = Fsinot | V ()

; = B
m2x2+K2(xf2_xl)_0 5 _ 0y
x; = Apsin ot
x5 = A, sin wt

myx - w? A sinwt+ (K + Ky }\1 sin wt - K, A, sinwt = F sin ot |
A (K + Ky -my0?)-K; Ay =F (1)
m, % - A, @?sinwt -+ K, (Ay - Aj)sinwt=0 7
’ i K, A ’i (K, - my w?)Ay =0 (IV)
— M2 2~ 1M 2
Solving (Ill) and (IV) for A; and A,. From (IV)
- K,A
Ay =
. K, -myw

Putting in (II)

o 2)‘ ~K3A, .

AK, + K, ~myw?) - ——2 1 =
1( 1 KZ 1 szmzwz

= 2

F(K, - mz}
A, = —(—l:;—gﬂ V)
Where
B =[my myw* - [my Ky + my (K; + Kpw] + Ky k)
A= VI

In order that amplitude of mass nil is zero
Put Al =0 (so that mass rnl must not vibrate)
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A
M
[
I
N
g

The vibration absorber in which mass and spring constant are selected such that the
above condition is satisfied becomes dynamic vibration absorber.

Let us assume

F .
A, = El— = Static deflection or zero frequency deflection

|_7<

= Natural frequency of main system

=

1

= Natural frequency of vibration absorber

K
1]

M= = Mass ratio

'_3 Ius

Multiply N" and D" by K; K,

A F(Kz"mzmz) [mlmz(z)4 —[m K, +m, (K, +K,)] m2]+K]K2]
1 Kle KIK‘.’.

A, = -2
a)4 ml 1 I 2
33 " E—-&-mz ?-’—‘ w-+1
a)l wz 1 2 1
CUZ
I-=
A! w,
KF— - Cl)4 m m,
wrw; (KK, K
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2

1-25
Ay @2
A 3 :
U g (0 0 e ol 4]
'(',(’1 t’.t)z
L
A w2
1 2 '
2 — —— (V)
st w w™ o -
‘_z“—z{(l*‘ﬂ)‘?*_i}”
W] W) oy 2
Simlilarly
B KK f KK
Asf ﬂ 2 Kl ﬁ 1 )
Ay | 1 _— (VI
Asf . w4 (.4)2 2
55 = (At ) —5+—5 |+1
Wy Wy, w, W,
when Al 0, from VII
w =(U2
A, 1
A, 42 2
st W W :
1 1
Ar L _ 1
A - wz (.02 - w2
(14 My 45
‘wl wy Wy
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2 __ "1
="
st Hw
2 2
w —
_ 1
Ay = Ay X ‘“’% = Ay X
U B,
-F Km, -F u
Ay = == w=w
2 K, mpK, Kyu [ el
=2
L m
F=-A,K,

Hence when the amplitude Al = 0 i.e. main system becomes stationary the spring force of the
absorber is equal and opposite to exciting force. The energy of the main system is absorbed by
vibration absorber which is also called auxiliary system.

Amplitude of the auxiliary system is inversely proportional to spring constant ‘K2’. This equation
is used for design of absorber.
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