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B.E.
Seventh Semegter Examination, Dec.-2007

MECHANICAL VIBRATION

MNote : Attempt any five questions.
Q. i. (a) Distinguish between periodic and a perlodic motion.

Ans. Periodic and a periodic motion : The motion which respects itself after an regular equal interval
of time is known as periodic motion. The equal interval is called time period. If we consider a motion of the

type x; = A, sinwt, here o is the natural frequency and the motion will be repeated after 2% /w . The

harmonic motion is are one of the form of periodic motion, The harmonic motion is repeated in terms of
circular sine and cosine functions. All harmonic motions are periodic in nature but vice-versa is not always

true. bn the equation x| = A sinwt, X, is the displacement and A the amplitude.

Q. 1. (b) A body is subjected to the two harmonic motions as x; = 15un(m+%) and

]
x;=8§ m( of + 3] what extra motion should be given to the body to bring it to the static equilibrium.

Ans. X = 1ﬁsi.v{mt+%]
Xy = EGO{M'FE]
3

X=X +X3 3

Asin{ot+a) = ISsin(m+%]+hu{mt+%]

= 15[sinwt + cos 30°+cos ot sin 30°] + 8[cos wt cos60°- sin wt sin 60°]

= 13sinwt + 75cosmt + 4 coswt — 6.928 sin wt
=6071sinwt + 1 L.5coswt
Asinotcosa + A cosotsina = 6.071sinot + | 1.5cosmt
Acosa =6071
Asina=115
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j&: ,,(&ﬂ?l]z +(115)* = 13004 units

115
tano = —— = 1894 =
6071 = o =62169°
The resultant equation is given by
x = 13,004 sin(wt +62.169°)

To bring it in static equilibrium, the resultant should act opposite to it.
Q. L. (c) A force P, sinot acts on a displacement x, :in(mt - %] what is the work done durin] (a)
first second (b) the first 1/40 second. Where, P, = 25N; xp = 0.5m and o = 10n rad / sec. .

[
Ans. WEWDrkdm'lﬁszT:Edt
g t

0
1
=P xg0 jlsin wtcos{ot — 30°)dt
0

t
= P,Xg0 -;—[s‘m{imt - 30°) +sin 30"]dt
0

_ PXgu [coﬂfﬁm -30%) 1 t]"

2 2w 20

Substituting for F,, x, & w , we have

25%005%10n [m2m| -3!‘.]"] cos30® |
W= + +—1
2 2n ir 2

(i) When t; = Isec.

o= IiﬁJ‘?tD.ﬂI 33+00137 +D.5] =10343Nm

]
- e
(i) When a0 sec
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o = 1963700139 + 00137 +0.0125] = 0.789Nm

Q. 2. (a) A mass of | kg is attached to a spring having a stiffness of 3920 N/m. The mass slideson a
horizontal surface, the coefTicient of friction beiween the mass & siarface being 0.15. Determine the
frequency of vibrations of the system and the amplitude after one cycle of initial amplitude is 0.25cm.

Determine the rest position.

Ans,
m=lkg u=015
K =3920 N/m
one e 2
m i
= §62.6 rad'sec.
f, =§-:—=£;—;E=9.'}THZ
Force = pumg |
=015x =98
=147TN
Reduction in amplitude/cycle
n“_isz 4147 _ 6,0015m
Finally the amplitude = 00025~ 0.0015
=0.001m

Q. 2. (b) A bar 600mm long rolls on wheels of negligible weight on a circolar path with radius 500
mm as shown in fig. 11 (b). Determine the nat., freq., of oscillation for the bar If, it moves in the vertical
plane when it is displaced slightly from its equilibrium position.

Ans. Translational distance =(R=-1)sinB=(R-r)8
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d .
». Translational velocity = E[R -rj@=(R-r)@

. RO=rd
Relative rotational (angular displacement) of the cylinder
=(¢-6)

so, rotational velocity of the cylinder = (i _é}

KE =(K. E-]mmﬂ + tK‘E'}mimll

_-.%M{R ~r)te? +énn{$-a]’

Where, I =Mass moment of inertia = _;. Mr?

Potential energy =Mg(R -r)() - cosB)

Now, the total energy K,E.+P.E.= constant
- . v 2

-%M[R—r}191+%lg(¢1—ﬂl +Mg(R -1)(1 - cos) =

mt

Replacing ¢ = —E{H} , we get

%M{R-r}

é— M[-R ~1)t9? +%M(R+ 1)26? + Mg(R - r)(1 ~ cos8) = constant

242 +%M{R- 1)262 + Mg(R ~ r)(1 - c0s8) = constant

| E[M[R-—r}zéz +Mg(R ~r)(1- cos8) = constant
Differentiating the above equation w.r.t, time, we get

%{R ~r)?200 + (R - r)g(sin®).0 = 0

in/
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%(R~r)§+gﬁ=n
2g
E+3{R—r}e 0
_ |2 _ 2<981 _ _
mn?J:"{R"T] J3xisuu_3m} 0.1808 rad / sec,

Q. 3. (a) A mass (rotor) of § kg is mounted midway on a 1 cm dia shaft supported at the ends of the
two bearings. The bearing span is 25 cm. Because of certain manufacturing inaccuracies, the CG of the
disc is 0.025 mm away from the G.C. of the rotor, If the system rotates at 2500 rpm. Find the amplitude
of steady state vibration and dynamic force transmitted to the bearing if (a) shaft is horizontal (b) shaft
is vertical.

E=196x10"N/m?
Ans. Assuming simply supported beam, we get

o mg® mg_48El

=—=

48E1 48El 8 PP

1, m 4
_“EI-HXI.?ﬁxIﬂ xaxfﬂ.m]

K= =
P (025)*

W= E =1'2955l530 =343.178rad / zec.

oo 21N _ 2mx2500
60 60

=295680N/m

=261.90rad / sec.

ol (2619) x0025%107 1714
i T =

=-1812x107*
om-0®  (243178)" - (2619)" 9456

Load on each bearing

_ke __|295680x1812x107*
2 2

=-16.788N

Q. 3. (b) A seismic instrument with a natural frequency of 6 Hz is used to measure the vibration of
a machine running at 120 rpm, The instrument gives the reading for the relative displacement of the
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scismic mass as 0.05mm. Determing the amplitude of displacement, velocity and accelerstion of vibrat-
ing machine. Neglect damping.

Ans. Here, F,=6Hz

N= 120 pm
Reading of instrument

Z=0.05mm
The controlling equation is

Z r*

2 : J‘:l - rzjz +(25e)

rZ

(l—rzzl {when £E=00)

N 120
Fo =t a9y
A 60 60
2
:——:ﬂ_’;j
"=s

Using the above equation, we pet

ws__(035 _

B =0.409 mm

Q. 4. (a) An undamped spring mass sysiem is subjected to a saw-tooth pulse shown in fig. 4(a). *
Obtain response equation.
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Ans. The equation of motion can be written as

mi + kx = Flu(t)- u(t-T)]

Applying Laplace transform to the differential equation,
Lmi] = m{S?X(s) - Sxq - %o

Lfkx] = kX(s)
Lrfu(o]-

|,

Fe~ 5T
5

LHu(t-T)}=

Initial conditions : x{0) =0, %(0)=0
Substitution the values in equation (1), we get

Fn:I'E‘-r

ms? X(s) + KX(s) = E -~

(-

(ms2 +¥}X[s}= -E[l —t'ET)

F ) ' F

x{S} ) {I -c_gr)f ms? +k X)= {l—&'ST)I(msz +I¢)

fi1)

—_t
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Defining w? = X in the above equation,
m

=57
K{S} =_:.: 1_.___._._

-e
5{s"+wn}

From the table of Laplace transforms, the inverse,

1
et =——(1-cosw,t)
5{52+w§) Wﬁ "
=57
-1 € |
L ————— |=—=|l=cosw_[t=T}Huft-

For, D <t < T, the solution is

x(t)= £ 5 (1-coswt)

And for t > T, the solution is given by

()=

F

mw?

[(1-cosw ) - 1 -cosw,t(t - T)]

Q. 4. (b) A spring-mass system is shown in fig. 4(b). If the system is initially released and a step-
fumction excitation is applied to the mass, find the response of the system .

anU':'Jt

- h
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Ans. When the container hits the hard floor, its velocity is
x=42gh
The equation of motion when the container is in contact with the hard floor
mi+kx=0
The initial conditions are

x(0)=0
x(0) = /2gh

Applying the Laplace transform to the differential equation of motion

LmxX +kx])=0

ITI[EEX{S}—SNH - in]+ KX(s) =0

[six[s)u .ﬁﬁ](w—:: X(s)=0

lFuU[t}

m .

[511{5}- JEE] +wiX(s)=0
x5 =-2_

r 2
s°+wy

Taking the Laplace transform, inverse

x{t) = L' X(s)

]
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Wo 32 +“"|=1

= LuI ﬂ ; 1""""'n

= J2ghL ! —2n
Nk sz+wﬁ

J2gh

Wp

x(t) = sinw gt

Maximum acceleration of the mass

X mia. =f‘_g_h'w§ =wnﬁ_-

Wn
Q. 5. (a) Find the frequencies of the system shown in fig. 5(a).
k=90 N/m; | =0.25m; m; = 2kg, my=m, /4

T ——
my

Ans. Here k=90 N/m, | =0.25m

m; = 2kg, M3 = Eij-=l}jkg
Resolving the forces vertically for my
myg = TcosB
When P is very small sinf=8 and cos@ =1
So, horizontal displacement = x +pf
and acceleration = ¥ +pf

Horizentat force mz{ K+ pﬁ} =-TH
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50, Mag =T and m;(i‘+pﬁ =-T8
mz{i +p§]+TEI=ﬂ
m;(i+pﬁ)+mzsﬂ'=ﬂ.lﬂ-ﬂ T=m,g
(i+pé)+pﬂ=ﬂ
18+ g0 = -
Consider the force for mass m;. All forces are acting horizontally
m& =k, +Tsin8
==kx+TH
mi+kx-TB-9

Putting T = myg

mX+kx=my0=0
mX + kx =m0
Let us assume the solution of the form
x=Asinwt and P =¢sinwt

Substituting these solutions in the above two equation, we get
-w?¢ +gd-wiA=0

& —mw?A +KA -mygd=0
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The frequency equation can be written as
t—iwz +g}(k _mle)__ wzm;g= 0
—kiw? 4 mylw? + gk — mgw’ - wzm;g =0

A l:kl+rr|||g+rrjzg}1.'«'z +_g1;_
I'!_1|I I'I'l!l

=0

Fe (my -mz}g+k!:tv’{(m, +majE+ kl]z ~4ml, Tkg

Sa,
.'Zm]I

Substituting the numerical values in the above equation,

(2 fﬂ.il]]!l+?ﬂxﬂ£5i-¢[{2+ﬂj}9.ﬁl+qﬂx25}l -4x2x025%90=981

wI
2x2x025
=245+2254(245+225) - 1764
=47 £+/2209+ 1764

=47 221005
Wy = 825rad / sec.

wy =508rad /sec.

(). 5. {b) Find nat. frequencies of the system shown in fig. (b},
Ki=40x10;N/m; K; =50x103N/m;
K?=60x10;N/m

my=10kg; my =12kg; rp=Im; r; =.11lm
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Ans. The torque equation is T =

The equations of motion can be written as,
1181 ==Ky (8 )r — Ka(r8; ~1,8;)r,
1,8, +{K|r|2 - Kzrlzﬂi = K;r.rzﬁg)= 0
Similarly

1385 = —K;(r8;)r; ~K3(r;8, 18, )ry = 0

IEEJ +[K3f§ + Kzl‘%)Pz - Kzr]l'zﬂl =0

Assuming that the solution of the form

By =¢;sinwt, ﬁl =-w1¢}sinwt
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'E: = ¢'1 sin wt él = -w2¢1 sin wit
Substituting these values in above equation, we get

2 2
=Iwié, +(Km +Korj )'h = Kanr¢; =0
2
= Izwz.*z —l'-(K.]fIz -+ Kzrz }’2 -_— KII'I'I."2¢I =0

¢_l=_." K.rlr; s K_J:-g' -+ Klrzz —I_:__wz

- ¢'2 . K1r|2+K2T|2—IIW2 Kzl’lfz

(K;r% +K2r§ - IEWZ)(Kirﬁ +K1r,2 - Ilwi}- Kirirs =0

K,i{_a,rf‘r% + Kng,r,jrf - l|w1K3r§ + K,Kzrlz + K%r.zrf
w2l K12 —1aw2K rf = 1, w2Kor =0

-K3r¥rf =0

whyiy = w? (1 Kyrd + 1 Kard + K +Kar?)

+I"L|I-‘-L_=,r|2r;2 +K2K3r|2r§ +K.|Kzr,1r§ =0

2 2 2
G ﬁ;'f,r"izfz LK | Kor
15 P 1, 1,

r i | b S 2.2
KiKar'r KaKirr KK
P k. L B Ly Lk LA R IR ) B L i ERE
115 Lila iy

1 1
Since, I =—:'2—li‘l'll|l'|2 and I3 =—_-1-'I‘I'I-2l'éz

KiKorfry _ 4K,K;
! I 2 mymy

2
— Myrj .— M>3r
o II2 252
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KiKarird 4K (Kj
L1z mymg

wh —w1[2K3 +2Kp 20 2R ]+ - (KiK3+KaK3+K{K;)=0
m? m; !'l!; m| mlm:

This is the frequency equation
Putting the values of various terms in the above equation, we get

12 12 10 10

(4Gxﬁﬂx 10° +50 % 60 |u"+4uxsuxm*)=u

o _wz[lxﬁﬂx 10°  2x50x10°  2x40x10° +1x50xlﬂ]}

4
10=12

-

wh =3633332 107 w? + 24666 % 10% =0

. 3633x10° £,/(3633)% x10° ~ 4 x 246,66 x 108
B 2

W

w) = 1652 rad/ sec.

w = 9506rad / sec.

Q. 6. (a) A L.C, engine has a mass of 40 kg and run at a constant speed 2500 rpm. After it was
installed it vibrated with a large amplitude at operating speed. What dynamic vibration absorber should
be coupled to the system if the nearest resonant frequency of the combined system has to be at least 25%
away from the operating speed.

Ans. Here, m; = 40kg, N = 2500 rpm

wy =075w

w )’ M i u?
—| =i+t fuet-
M[Wz] MER A
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2rN  2x= 2500
W= =

:1&].?9['3{!-;5&:
&0 1]
wy =0.T5w
=19635rad / sec

Using the above relation

2 2
26179 7] H
— Nl e T

[IEEJS] T

2
n } n
77=1+2 s fue
I-|r2 e 4
2 2
[u.??—f-) =[p+-‘i—]
2 4

177 = 0.6049
p=03417

And we know that mass ratio

- m

my
m; = 40kg
myz =03417m;
=03417x40=1367kg

For vibration absorber, we have
W) =Wy
k _k
my msz

2 k
261.79)° = —2-
{ } 1367

ky =134 108N /m.


http://studentsuvidha.in/

www.studentsuvidha.in

(). 6. (b) Determine the nat. frequency of oscillation of the double pendulum as shown in fig. (b).

lI = || = 25¢cm

Ans, The equation of motion for two masses are given as

Elél = -!'I1|E,||E; _m:'__liiﬂ'z —m:{!;fll +|2§2}||
mql?él = -mlgI|B| = ngllﬂl = m:{i.él + f:éz}h

& my136; = ~m,gl;0; —magl; 1,8,

Fz =!|':25cm

Bﬂ% +E!232 +||i1§] = ()

§y+ 22 B8 g
12 12
2 2
é‘; +'!'Lﬁt +%B: =0
"
Equation (1) can be written in simplified form as

8 et2E B, 4 B0, =0
(my+mg )i h

Let us assume the solution of the form
B) = A, sinwt

8, = A; sinwt

So, By = -wlA, sinwt,

A1)

A2)

(3
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é: = —-thz sinwt

Putting these terms in equation (2) & (3) we get

-wzaz +-:l(—w2ﬁ |]+TE—A. 3 =0
1 2

[-w1+—$—]A2-wzlLA; =0

A —w? +|£
L) .
Ay 2l A4)

I3

msl
And —W2ﬂ|+--—--lr3——--(-—wlﬁ2}+-ﬁ-ﬁ| =0

(my +my)l;

1k
[‘wz +1}A, MW, o
Iy (my +my)i)

mylw

(my +m=}l.(—w1+i&]
1

gt

The frequency equation can be written as,

_w1+.E. 2
|=_- m;l;w

Wz.‘h' (my +m1}|,[-w1 +1)
2 I

mlw"' :[-—w1 + Ii}mt + m;][-ﬁw: +?-]
. 2 :

2
wqgm w*-wllqwll.'..l-. =0
m;y L Ll
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2
w‘_m w"_wii_wz_.g_...‘.L =10
my Iy b Il

wl[l_ml+m1]+ml+m1w2 dol)[mtmy _ﬁ_l_nn
m ms 1| |1 my |1|:

1) +1 2
m3 2 Ly my

2

o _(mpema)w? (1 +1)g (i +mg)g?

L]
my Wiz mylyl;

This is the frequency equation

m|-m1=5h,li=12=25m

W o——w =0
m 2 12
2
w‘—dwz-g-q-l!—-u
1P
Given =025 m
4 4w?x98 2x98%
W o— + =)
025 {025}1

wi - 1568w? +307328 =0

, 1568:+(1568) -4 x 307228
W= 2

5 1568+11087
wl_z =-_2-_‘-'—

W) = 1156 rad / sec,

Wi =4 Brad / sec.

Q. 7. (a) Determine the frequency equation Is transverse vibration for a uniform beam of length |
having one end fixed and other simply supported.
' /
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Ans. Transverse vibration of beams : Met forces acting on the element,

(Q+—€de] =dm acceleration.

) aly
——dx = [pAdx —--
5 (p ]

‘g%””" - A1)

Considering the moment about A, we get

oM of
M- M+—dx B+—dx =0
["ax ]("aﬁ}

—%+E+—§dx=ﬂ

M o6
So, == higher order derivatives are neglected [E;dx = ﬂ]

8 M

or x o -

From the above two equations (1) & (2), we get

Sr=pad 3

So, = —El—= .{4)
Comparing equation (3} & (4) we get

@y By
E'afﬁ-pﬁ-&?- =1

n/
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Py (pA)dly _
E*[*ﬁ]?'“ A4

This is the general equation for transverse vibrate which is different from wave equation.

y.i

b
X
B
i

1 dx

Let us assume the solution nf the form

y = y(x)sin{wt +¢) .A6)

Where y(x) is the shape of the beam for principal mode of vibrations equation (5) can be written with the
help of the above equation.

'y 4 ¥
o _ wAT)
4 _PA 2
¢ =—w
Where, El
This is fourth-order differential equation. To find the solution, let us assume
y=e™
'3‘3-' 4 hx
g =2 =%
% ax*

Equation (7) can be writien as

e _cte™ =
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M-ct=0 -A8)

(A +c]{l—c)(f +c2] =0

iz =%c

Ay4 =+ic where, j= 1

'e“" = coshcx +sinhex
e = coshex —sinhex
'™ = coscx +isinex

'™ = cosex—isincx
So, the solution of differential equation cdn be written as
y = cy{coshcx +sinhex) +¢3 (cosex — sinh cx)

+c3(cosex +isin{x)) + cy (coscx — isin(x))
= ¢y +cy)coshex + (¢f — ¢z )sinhex +(c3 +cy Joos(x +(c3 — ¢4 Jisinex)
¥(x,1) = A coshex + Bsinhex + Ceosex + Dsinex (%)
& A=ci+cq
B=¢j-c;
C=cj+cy
D =i{cy—c4)

Where A, B, C and D are constanis.

Q. 7. (b) A uniform circular shaft (mp supported beam) of length | is deflected by a force P applied
at a point distance ¢ from one end. Find the resulting transverse vibrations when the load is suddenly

removed.

Ans. If ¢ is the displum-:mcntl.t a distance x from left and it becomes c+§:-dx et a distance x 4 dx . So,

strain of the element is given by
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dx

E= =
dx

2|

¥

Let A —» Cross-sectional area of bar.
p — Density of material.
E —» Modules of elasticity of material.

F —s Force acting axially on the bar.

Met force acting on the element.

dF
[F +E{_dx)‘ F = (mass) x (acceleration of the element)
2
, =dmx -2;;-
de = (pdxA Ef_":
i P
y aF
— e g
aC
C+—
¥ &% ':.ht

F
We know that i 0, where o is the stress, so

(1)

(2)

-(3)
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Equation (2) can be written with the help of above equation as

o

According to Hooke's law

w4

.A5)
We have

plaxt] a?
gu_1
e o .(6)
Ei
Where ’I““;

A solution of the form as in equation (5)
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u(x,t) = X{x)T(t)

pX

So. x{n}=Asin—;~+ Bm%, T(t) = Csinpt + Decospt

Into the general solution as

u(x,t) = i(ﬁ. 5in§x+ Em%ﬂ(ﬂﬁn pt + Dcospt)
n=l
). 8. Write short notes on the following :
(i) Vibration Absorbér
(ii) Holzer (type) method Multidegree freedom system,
(iii) Ralighs method
(iv) Secondary vertical speed in rotating shafts.

Ans. (i) Vibration Absorber : When a structure externally excited has undesirable vibrations, it be-
comes necessary to eliminate them by coupling some vibrating system to it. The vibrating system is known as
vibration absorber.

X v[ m, 1 Fsinwt

r' m
X2 4

In such cases the excitation frequency is nearly equal to the natural frequency of the structure or machine,
The mass which is excited can have zero amplitude of vibration and the spring mass system which is coupled
to it vibrates freely. Vibration absorbers are used to control structural resonance,

{ii) Holzer (type) Method Mullidqreé Freedom System :
Holzer Method : This is trial and error method used to find the natura) frequency and mode shape of
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multimass lumped parameter system. This can be applied to both free and forced vibrations. This method can
be used for the analysis of damped, undamped, semidefinite systems with fixed ends having linear and angular
motions. First of all, a trial frequency of the system is assumed. A solution is found when the trail frequency
satisfies the constraints of the system.

(iif) Raylighs Method : This is the energy method to find the frequency. This method is used to find the
natural frequency of the system when transverse point foads are acting on the beam or shaft.

Py Py Py Py
; ‘T._h =
: Y1 /
‘\_.‘ ¥4 ¥3 ¥3 :
" '
o e
. e

Good estimate of fundamental frequency can be made by assuming the suitable deflection curve for the
fundamental mode. The maximum kinetic energy is equated to maximum potential energy of the system to
determine the natural frequency.
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