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B.E.
Seventh Semester Examination, M ay-2007

MECHANICAL VIBRATION

Note : Attempt any five questions.

). 1. (a) Represent the following complex numbers in rectangular form :
(0 10e it

(i) 5e/*! and
Represent the following periodic motion by harmonic series.

96m
l /
«—0.2sec—>t¢ . | 5sec -)[ {=>
Ans. (i} jpe= 111
X = 1ﬂ¢~j”
Here H=“’“‘I[£]
X
X = Ae*1® = A((cos® + jsin 8))
And x = Ae™® = A(cos8 +ising)

Given 8 = 1| {radians)

o » | 80° = 63.06°
il4

Thus X = A(cos63.06 - jsin 63.06)
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= 10{045 - j(0.89)]

=45-§89)
(ii) 5!
x = 10e+2!
- ¥
Here 6 = tan [;]
X = Ae*® = A(cos + jsin®)
X = Ae~® = A(cosd - jsin®)
Giiven 8 = 2.1 (radians)
=2l 180=120380°
3.4
Thus X = A[cos120.38 + jsin(12038)]
= §-0.506+086;]
=-253+43j
Harmonic series :
Time period of motion
= ().35 sec
F W= Sl sad f e
l"‘E‘Lll.IJEHC_}" EI]S il
Equation of curve for one cycle
0t
x{t)= EN D<t<02
=0 02<t<035
02
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20 _ 128
2

571n

I - cos{4mt) dt

. w'ﬂ.z
ap= "H_ jx{[}cﬂiﬂ“‘t]dt =

02 5 ]
4
it "‘:‘ﬂ [t cos{drnt)dt = ‘2565{' sindmnt | cos4ant)
o

4nn

o { 02sin(08nn) cua{ﬂ.hn}]

4nn 16n%n®

sin(08an) 25695 ¢

=25695— =5 louqﬁ.h }-1]
Similarly b, can also be find out.
-
As by =— j x(t) sip(nwt)dt
"o
And x(t) =ag + 3" (a, cos(nwt) + by, sin{nwt))
n=| .
Q. 1. (b) Show that the Fourier Series expansion for the function x(t) defined in the finite interval
-nstsx by:
x(t)=0 -n<t<0
=gint LES £
— coslat 1

is given by x{t)=—=

+—sint,
,_,h’ 1 2
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Ans. x(t)=0 -n<t<0

=sint 0<t=x

0= fx)e

=%[iﬂdt+isintdt}

-X 0

W
=% -cosd]

n
iy = Isintcoﬂnwt]dl
0
_ 2 cos2m
% 4n’ -1
b, =0

Fourier series is given as

x{t}:%ﬂl+ Zl(ancmnwu by, sinnwt) |
n=

Q. 2. (a) Find the expression for the natural frequency of mass M for the system as shown in fig.
2{a). Net mass of cantilever AB.

-
ALY
o
4
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Ans. To find the natural frequency of the equivalent spring at A is to be determined. Let us consider a
force P at C, so the force at point B can be written as Plia

Fgxa=pl

p.l
Fg=—
™

The deflection at point C can be expressed as

F Pl
fg=—B=—vo
" Kl HK|
p,ﬁ,: = FH'EB
- Faby
p

s 9[1]"‘ S
a - kI 31k|
For this value of deflection the corresponding deflection at point B,

3] st 1 ] -,

K4 and K, are connected in series so their equivalence can be written as

« - KaKy _ Ky (a/1)’K;,

K +K 2
s

Matural frequency can be written as

k

1
f =—
" 2 ¥m

¢—-j

=__!_, KiK,(a/1)?
ENVm[Kzn;l[m}‘] %



http://studentsuvidha.in/

www.studentsuvidha.in

Q. 2. (b) Determine the nat frequency of the system using energy and Newton's method as shown in |
fig. 2(b).

o

130

1
Ans, Given .F=Emr2 for pulley

T = K.E. of mass + K.E. of pulley
1 I T T T
- ik +_
2M|x +2my 21&

For any small displacement &
y=ré
{Where x = displacement of mass m at any instant)

(v = vertical displacement of pulley centre)

b |

and ¥ =

The potential energy is given by
V=PE.
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1., 2
zKy
2
=J—K[1K) =1KJ£2
2 \2 2
The energy of the system is constant.
So, ST+v)=0

P,
XX + = Mxi + = Kik =0
.Minjws A%+ Kk
M i+1Mi+—ll{x-ﬂ
S

(MI +§m)i+::—l(x =0

So natural frequency is

4M, +%@ rad/sec.

Q. 3. (a) What do you understand by vibration measuring instruments. Explain.
Ans, Vibration measuring instruments :

The instruments which are used to measure the displacement velocity or acceleration of a vibrating body
are called vibration measuring instruments, vibration measuring devices having mass, spring, dashpot etc., are
known as seismic instruments. The quantities to be measured are display on a screen in the form of electric
signal which can be readily amplified and recorded. The output of electric signal of the instrument will be -
proportional to the quantity which is to be measured. The input is reproduced as output very precisely. Two
types of seismic transducers known as vibrometer and acceleratormeter are widely used, A vibrometer and
accelerometer are widely used. A vibrometer or a seismometer is a device to measure the displacement of a
vibrating body. Similarly, other device known as an accelerator is an instrument to measures the acceleration
of a vibrating body. Vibrometer is designed with low natural frequency and d&celerometer with higher natural
frequency. So, vibrometer is known as low frequency transducer.
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Q. 3. (b) Determine the torsional shiftiness of a spring for a torsiograph with a ring having moment
of inertia of 2.0 x 10 kg — m?. So that the difference in the relative motion and that of vibrating shaft

will not be greater than 3%. When the shaft vibrates with a frequency of 999 cpm or above. Neglect
damping. If the shaft amplitude is 0.01 radian, determine the corresponding dynamic torque on the
spring.

Ans. Given : 1=20x Iﬂ_jkga—-mz
TR.=3%
f= 999 cpm
w == 16.65 rad/sec
A = 0.0 radian
Transmissibility is given as

T'R"‘{w o) 1 (where ¢ is negligible)3

R -
3 {wa’wn]zul

w
=—a= =R325
W" 2
We know thal
k
Wnp= ;
2N 2nxB8325x60
W, = 60 = 60 Zﬁz.jlmﬂfuc
T TR= Force transmitted _ Frg

2t Impressed force F
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Frr =F(T.R)

] L,ﬂ_m_x[zﬂﬁ-ﬁT oJerol
" 981 100 60 3

= 5N.

Q. 4. (a) A spring mass system is shown in fig. 4 (a) and is subject to a harmonic force Fo cos wit
Determine the response of the system :

Given : x(0) =.0lm ; x(0) =.04m /sec. , w = 30 rad/sec, Fo = 1000 N; m = 10kg and k = 500 N/m.

IF:} cos wi

M

X k
? 2

Ans. The differential equation of motion of the system can be written as,
mi + kx = Fcoswt
Applying Laplace transform, we get
mL{X) + KL{x) = FLcoswt

5
5wl

m{SX(S) - 5%(0) - X(0)} + KX(S) = F
Substiluting the values of various terms in the above equation,

Yt rivs L
10[s?X(s)- 0015 um]+5m>¢{5]—5;+301

Solving above equation for X(5), we get
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_ 0.8% +04S% +10908 +360

X)= (1087 + 500)(s? + 900} A1)

It can be solved by inserting certain constants A, B C and D.

X(s)=

AS+B  S+D
1052 +500 S +900 ~(2)

B (AS+ BI‘S:-2 +9ﬂt})+ (Cs+ n}{msl +5ﬂﬂ)
B (1057 +500) (5% +900)

_ AS? +900AS + BS? +900B + 10CS? +500CS + 10DS? + 500D
(105 +500)(s +900)

Equating the like powers of S both sides of equation (1)

A +10C =01
B+10D =04

900A +500C = 1090 -(3)

900B + 500D = 360

By solving equation (3), we have

A=3£=12Tﬁ
17

B=040
2
= ——_———= 117
C T =011

D=0

Equation (2) can be written as
X{S}- I??ﬁs + {;.40 __{:.I]?s

105° +500 1058~ +3500 S§° +%00

__ 1276 . 04 0TS
10{s? +50) 10(s? +50) 52 +(30)*
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S |, 0452  ours
5%[545]2 5&[5+(5-.E)2] §? +[_3ﬁ}=

X(8) = 0127

Taking Inverse of Laplace transform, we have

x(t) = U.IZTﬁcusiJz_t+Esf—,_;;sin5J1_'t-ﬂ,] 17cos30t

= 0.1276c0s5v2t +0.0056sin 5+/2t —0.117 cos 30t

This is the required response of the mass.

Q. 4. (b) A force F(t) is suddenly applied to . a.ss m which is supported by a spring with constant
stiffness k. After a short period of time T, the force is suddenly removed. During the time the force is
active, it a constant F, Determine the response of the system if t > T. The spring and mass are initially at
rest before the force F(t) is applied.

Ans. The equation of motion can be written as

mi +kx = [-{ul_'t}- u{t-T}] A1)

Applying Laplace transform to differential equation,
mx + kx = F[u{l}— uft —T]]
L{kx] = KX(s)
Lfu(t)] = ¢

Fe_sr

I"F[I:'hMT}]= S

Initial conditions : x{0)=0, x(0)=0

Substituting the values in equation {1}, we get

-ST
mS2X(s) + KX(s) = — - ——— = _(, ,_c-ﬂ'!')

s P o
(ms? + K)x(s) = -g{l—e )
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F AT a2
8)=—|1-2 ms° + K
X(s) = g{1-¢7")ms? +K)
. .
Defining Wnﬂ; in the above equation

F| 1-¢5T
K[S]=; 5{53+W§}

From the table of Laplace transforms, the inverse

L oL (. =L2[] - COSW 1)

S(S1 +w§] wi

=87

Dty Lz[lumw“{:-T}]u{t—T}

LS(SI +wh) K

For Q <t < T, the solution is

x(t) = miz (1-cosw,t)

And for t = T, the solution is given by

F
mw3

x(t) =

[{i —cosw,t)—1-cow ,,'l{t-T]] :

Q. 5. (a) Distinguish between the normal mode and principal mode of vibration.
Ans. Normal mode and principal mode of vibration :
For a system with three-degree of freedom the orthogonality principle may be written as,
M ..ﬂ IA'Z + m2E| BZ +MJE1C2 =0
Ml.ﬁ 24"4.3 + mzﬂz B; +H\3'C2C3 =0

. w1
M|A|A3+I‘HIB|BS +HI3C|C3 =0 { ]

Where MIFMIJMJ are masses.

A,Ay,A;,B,,B;,B3,Cj,c; and C; are the amplitudes of vibration of the system. We will make use
/
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of equation (1) in matrix iteration method to find the natural frequencies and mode shapes of the system.

0. 5. (b) A reciprocating machine weighing 25N running at 6000 rpm after installation has natural
frequency very close to the forcing frequency of vibrating system. Design a dynamic absorber of the
nearest frequency of the system is to be at least 20% from the excitation frequency.

Ans, Since the natural is very close to the forcing frequency. So, 6000 rpm., may be tréated as the natural
frequency of the system.

2m x 65000
W, —_—

i =628rad/sec = w,

But here w = w4

SRR 0

Where, | = Mass ratio.
The resonant frequencies are at least 20% away from the forward frequency of the main system.

S0, we have
2 =120
w2

Nong
When wy the value of p=02

W
and forw_i"’u,thewlueufp=[lll

The larger value of 1 is taken for design purpose.

m
=02=—
g M
So m=02x25="5kg (weight)
. kg : W
Us w =J— ky=wj—
ing I P and finding X1 ] 2

u.in/
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klnw%—\?—
E

o
_[-523} K'?El

= 100505kg/ cm

. 3. 33
K = W MW —
and - 1 081

=20101kg/cm.

Q. 6. (a) Find the torsional oscillations taking into account the inertias of gears fig.

J; = 10kg - cm sec’

Js =2.01),

Jg, = 0.5kg~ emsec’
gy =4dg

& ki) =32x 10°kg.m.R

kt: = kl] id
dia of gear 2 = twice the dia of gear 1.

LI]]
B

Ky

LL]]
[ =]

J kiy

Jea (Gear 2)

Ans. Let us assume that 8; and 8; are the angular displacement of gears J; and J; and n is velocity

ratio.

Thus,
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Or E: ""ﬂal
The total kinetic and potential energy of the system remains constant.

Y, S
K.E.==187 +=11,8
E S 101+ a3

1
2

kt,6 +E'|uze§ A1)

P.E.=
N L N PR 175
K.E.-EJ]E] +E{Jlﬂ p:
e, 2\a2 wl(2)
P.E-EEH'|H| +E[hzﬂ bl
S0, J; becomes j; = nz.lz

And kia, becomes Ky = l'tzlitz
The shafts are connected in series, so their equivalent stiffness
' |

I
e K ok
e f n 2
_ nzk,lkl;
Ky, +nk,,

The relation for frequency is

i H:JI'FJI]
3,
: 4 k;g{JI +"212]

nkyky, (3 +0%1;)

{k,l +n2k,1 }J]]znz
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kegky (J) +n713)
(ktl +I'Ijk.|z ].l lji

We are given
IRy =g #0233 = 0?1, ki and n?ky, .
We get equation
wz{.ﬁ!zjlw" —,{{1112 +1d3)n ke +(0205 +Jij3]kt|jw1+k,' ke, (Jy+J2 +:3}].n
11_ = I.G
J; =(JSI +n2,|g:}=.12{5ay}
J3=20
n?ky, =4x08x10° x20=32x10°

= 1024 x 10"
Jy+1; 413 =10+85+20=13835

w’[l 700w * -{{ss+1uﬂ}u x10° + {170 +200)32 x m’}w1 +1024 x10" x 335]

w 12320 x10°w2 +232x10% =0

2
12329 x10° tJtIJBZQx mﬁ) ~4%232x108

W = 2

) {IEIZ'}J £076) . s

w =3164rad/sec.

wy = 1514 rad / sec.
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Q. 6. (b) The arrangement of the compressor-turbine and generator in a thermal power plant is
shown in fig. Find the natural frequency and mode shape of the system :

with  kt; = 6MN—-m /rad
kty = kty;
I.(MOI) = 18kg-m? .
1,(MOI) = 14kg ~ m?

1 (MOI) = kg -’

k 1 1'/ kt;
I I Ig
i) Generator
Compressor Turbine

Ans. The equation of motion can be written as
118, +kt)(8,-8,)=0
1207 +kt;(8; —83)+k,, (62-6)=0
1585 +kt3(81-8,)=0

Put the assumed value of 8,,8, and 85, we get
~LwlA, +ktA -ktjAy =0

(~1yw? #key A, ~ktyAg =0
("iz\!‘: +h1 +ki|}ﬁ1 —klp’q —kfzﬁ-; =0

(<13w? +ktz)A; - ktzA; =0

The determination of coefficient A|,A; and Aj equal to zero to get the frequency equatibn
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(K, -1w?) ~k, 0
—k,, ky +kyy =Jawr -k, |=0

Expanding the determinant, we get
(ki =132 [(ky + ko ~12w7)(kiy =137 ) =K

#kgy (=K )11+ 15 +13) =0
Substituting the values of various terms

1303 = 18x 14 x9=2268
Ij+la+13=18x14+9=4]
Iil; =18x14=152
L3 =18x9=162

1313 = 14x9 =126
kygkiy =6x10° x6x10° =36x10"
w2[2268w4 ~{(2524162)6 x 10 +(126+162)6x 10} -+ w? +6x10° x 6 x m‘[an}]: 0
2268w 42 x10° w? +1476x 10"
w;=138x 10% rad / sec.

wq =4.71x10° rad / sec.

Q. 7. {a) Determine the frequency equation in the transverse vibration for a free-free beam of
length | and having a uniform cross-section.

. Ans, Net forces acting on the element

5, 1]
- [E‘ +da—ldx] =dm , acceleration
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fi a’y
g i

A1)

0

Considering the moments about A, we get

M-[M + %dx)+{3+§dx)=ﬂ'

-ﬂ+ﬂ+§dx =0
b o

So B=EE=?T_“_I1- rder derivaii d[ﬂdx=ﬂ]
o o igher order derivatives are neglecte o
® _*M
i {2
~ For the above two equation (1) & (2), we get
a"u‘ 2y
w

-{3)
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We know from beam theory that

M=- E.rf{%
o
& aty
= @
Combining equation (3) & (4)
'y (pA) %y
PO [_ET)TJ =0 .5

Q. 7. (b) Obtain frequency equsation for the lateral vibration of a cantilever of uniform section
having a length L

Ans.

PRETENCN
0 Or0

According to Newton's second law of rotation

T=la

Net torque can be written as

2
[T-r ﬂdx]-—T-M

& dt?
ar . Id%
F e & A1)

From strength of Materials, we know that

L

J dx
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Gide
T=
dx

-0 Z{T)
I =012 B4
F Rauatrl (7o) b

From equation (1) & (2), we get

a(de d%e
|| =]—'-'—
G’ax(dx)“ a2

For a shaft of constant cross-section GJ is constant, and

= -’-t—-d‘
- 32

LI
=—d
32 i

Putting the values of | and J from the above equation in (3) equation

G
paxt at
28, 1 %8

P 1:,!] = m 1) (K,t_:l

2

_G
Where, - g

Q. 8. Write the short notes on the following four :
(a) Fourier Series expansion,

(b) Impulse Excitation,

(c) Dunker Lay's Equation,

(d) Logarithmic decrement-

2)

-3

A 4)

-(5)

Ans. (a) Fourier series expansion : With the help of the mathematical series known as Fourier series,
the vibration results obtained experimentally can be analysed analytically. If x(t) is a periodic function with

period T, the Fourier series can be written as

x(t) -!zﬁ +8) COSWE+ 87 COS2WE +83 COSIWL+.....

/
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+by sinwt -+ bj sin 2wt + by sin 3wt+...

-]
=3§-+ Z{n“ cosnwt + by, sinnwt)
n=1

Where, w =3-r£ is the fundamental frequency and a4,a3,,8;......, by, by, by are constant coefficients.

(b) Impulse excitation :

The external excitation is in the form of motion and so produced by one dynamic system to another. Both

such systems are connected together rigidly and form one dynamic system having several degrees of freedom.
Another excitation is internal and occurs due to unbalance in the system. There are various reasons of unbal-
ance in the system few of them which are listed here

I. Thermal effects.

2. Resonance.

3. Loose or defective mating part.
4. Bent shaft.

5. Magnetic effects.

(c¢) Dunker lay's equation :

Natural frequencies of structures are evaluated by this method. This method is used to find the natural
frequency of transverse vibrations. The load of the system is uniformly distributed. Dunkerley's equation can
be written as,

Where
w —» Natural frequency of transverse vibration of shaft for many point loads.
Wy, W3, Wjetc. — Natural frequency of transverse vibration because of the weight of shaft.

(d) Logarithmic decrement : It is defined as the natural logarithm of the ratio of any two successive
amplitudes on the same side of the mean line, Let us refer for successive amplitude x; and x; .

As per the definition, logarithmic decrement § is given as,

8 =In—L
."3'
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