Number of Questions 25

Directions for questions I to 25: Select the correct alterna-
tive from the given choices.

1. A suspension system of mass 60 kg consists of a leaf
spring of stiffness 3.9 kN/m and a damper of damp-
ing coefficient 400 N.s/m. Damping factor and damped
natural frequency respectively are:

(A) 0.4134 and 1.1685 Hz
(B) 0.4134 and 7.3422 Hz
(C) 0.1258 and 1.1685 Hz
(D) 0.1258 and 7.3422 Hz

2. A shaft loaded at centre has a deflection of §, the natu-
ral frequency of the vibration is

(A) 0.4985~/0 (B) 0.4985.8 Hz
0.4985 0.4985
T (D) 5 Hz

3. An oscillating system is defined by the acceleration X

= -200 &%, where i =+~1. What is the frequency of

oscillation?
2 1
(A) —Hz (B) —Hz
T T
(C) 2nHz (D) mHz

4. The static deflection of the spring connected to a mass
of 10 kg lying on an inclined plane of inclination 30° is
2 mm. What is the stiffness of the spring?

/
30°
(A) 24.525 N/m (B) 24.525 N/mm
(C) 24.525 kKN/mm (D) 24.525 kN/em

5. A light shaft is having three discs of different masses
attached at different positions on the shaft. How many
critical speeds does the system posses?

(A) 2 B) 1
© 3 (D) 4

6. A shaft supported by bearings, with a central rotor of
mass 2 kg has a natural frequency of 300 rad/s. If the
amplitude of steady state vibrations is 0.03 mm then
the dynamic load on the bearings is
(A) 54N (B) 540N
(C) 5400 N (D) 54N

7. A spring of stiffness 200 N/m is cut into four equal
parts and arranged as shown. What is the resulting stiff-
ness of the system?

9.

10.

11.

12.

Time:60 min.

(A) 320 N/m (B) 80 N/m
(C) 20 N/m (D) 480 N/m

The magnification factor of a spring-mass-damper sys-
tem is found to be 15 at resonance. What is the damp-
ing ratio of the system?

(A) 0.0667 (B) 0.0334

(C) 0.0167 (D) 0.0116

In spring mass damper system with mass, stiffness and
damping coefficient as m, k and ¢ respectively, what is
the ratio of damped time period to natural time period
of oscillation?

23/km 4/km
(A) N (B) ye——y

2/km Jkm
© J4km—c? D) km—c¢?

A spring-mass-damper system has a damping factor of
1.5. What is the transmissibility when the system is at
resonance?

(A) 0.781 (B) 2.1808

©) 1 (D) 1.054

Consider a car of mass 1200 kg with a ground clear-
ance of 390 mm supported by four springs of equal
stiffness of 9 kN/m as shown. What will be the deflec-
tion at static condition?

m
k k k k

(A) 390 mm (B) 327 mm

(C) 300 mm (D) 332 mm

A shaft has a whirling speed of 20 rad/s while carry-
ing a load at the centre. If the stiffness of the shaft is
40 N/mm what is the amount of load acting on it?
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13.

14.

15.

16.

17.

(A) 490.5N
(C) 981N

(B) 981N
(D) 0.981 N

The amplitude reduction over 4 cycles of a viscous
damped system is found to be 9.4. What is the viscous
damping factor of the system?

(A) 0.089 (B) 0.079

(C) 0.069 (D) 0.0089

An elastic shaft of 100 cm long has two rotors 4 and
B connected at its ends, of diameters 80 cm and 40 cm
respectively. The masses of the rotors are 2 kg(4) and 3
kg(B). What is the distance x from rotor B at which the
node of torsional vibration occurs?

(A) 27.273 cm (B) 77.273 cm

(C) 72.727 cm (D) 22.727 cm

A mass is acted upon by a force F(z) = 20 Cos(60¢) as
shown. If the stiffness of the spring is 1.4 kN/mm and
the amplitude of the motion is 30 mm what is the value
of the mass?

2

1.4 KN/mm
VW

— F(t)

Friction less

(A) 611.2 gms
(C) 2223 gms

(B) 388.7 gms
(D) 776.8 gms

A mass of 40 kg is connected as shown with £ =9 N/
mm. What is the natural frequency of the system in Hz.

K, K,
m
ok
k=2
. 4k
=2
K

@ Y. ®) Y
© Y. o Y

A spring-mass system of stiffness 20 N/mm and mass
of 120 kg is as shown. Natural frequency of the system
decreases when

18.

19.

20.

21.

(A) m=100 kg and k=20 N/mm
(B) m=100 kg and k=25 N/mm
(C) m=100kg and k=15 N/mm
(D) m =100 kg and k=50 N/mm

A body subjected to two simultaneous harmonic
motions given by 10 Sin(307) and 20 Sin(307 + 125) has
the resultant motion as X Sin(w? + ). What is the angle
p?

(A) —25.56° (B) -115.56°

(C) 16.727° (D) 73.274°

The displacement of a slider in a slider-crank mecha-

5
nism is given by x = 12 Cos(6 m?) +5 Cos(24 mtt) mm.

1
What is the acceleration of the slider at ¢ = g s?

(A) 1.872 m* m/s? (B) 1872 n? m/s?

(C) —1.008 m* m/s? (D) —1008 7? m/s?

Two shafts P and O under torsional vibration, have
diameters 40 cm and 80 cm respectively. If the shafts
are made of same material with the lengths of P and Q
as 150 cm and 70 cm respectively what is the ratio of
their stiffness (k),/(k) Q?

(A) 0.0291 (B) 0.970

(C) 0.343 (D) 0.657

A concentrated mass of 20 kg is attached to one end of
a light, stiff rod of length 2 m. A spring of stiffness 5
N/m is connected to the mass and the other end of the
rod is pivoted. What is the angular acceleration of the
system when the rod is displaced anticlockwise by an

T

angle of 20 radians. (Consider anticlockwise rotation

is positive)

(B) 54.27 rad/s?
(D) —54.27 rad/s?

(A) 0.7735 rad/s?
(C) —0.7735 rad/s*



22.

A spring-mass system of mass 50 kg and stiffness 12.5
N/m has the initial conditions: displacement and veloc-
ity are 4 mm and zero at 1 = 0. What is the displacement
of mass from the mean position at = 0.5 seconds?

(A) 3.999 mm (B) 0.174 mm
(C) 0.989 mm (D) 3.876 mm

. A rotor of 14 kg is mounted midway on a shaft of

negligible mass with diameter 2 cm which is sup-
ported by bearings at the ends. The eccentricity of
the centre of gravity of the disc is 0.003 m from the
geometric centre. What is the amplitude of steady
state vibrations when the system rotates at 500 rpm
and the distance between the bearings is 60 cm?
(E =200 GPa)
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(A) 1.488 m
(C) 0.370m

(B) 1.488m
(D) 0.370 mm

. A single degree of freedom system is defined as

5x+3x+10x=20Sin(47¢) . The amplitude and the

angle between displacement and the force vectors are 4
mm and 30° respectively. What is the amount of damp-
ing force produced in the system when t = 0.5?

(A) 0.1707 N (B) —0.149N

(C) 0.1306 N (D) 0.1500 N

. What is the logarithmic decrement of a system with

equation of motion is 3X+7x+5x=0.

(A) 2.11 (B) 13.261
(C) 4.221 (D) 6.630

6. A 7. A 8. B 9. C 10. D

A 2. C 3.B 4. B 5. C
B 12. C 13. A 14. C 15. B
C 22. D 23. D 24. C 25. B

16. D

17. C 18. A 19. C

HINTS AND EXPLANATIONS

1.

k=3.9 kN/m, c=400Ns/m m =60 kg

400

¢ = damping factor = 2«/71 2,/3900x60

£=0.4134

k 3900
:\/%: /W=8.0622rad/s
W, =w,\[1-&* =7.3422 rad/s

1
:—co =1.1685 Hz

Choice (A)
\f (981 3. 132
rad/s
f—— _04985HZ Choice (C
W o o oice (C)
3. x=re"= X=-¥
-’ =-200 and 2it = iot =0 =2
r=>50
. o 2 1 )
frequency is f=—=—=— Choice (B)
2n 2n =w
4. In the equilibrium position
k8, = mg Sin30
here, m = 10 kg, §,=2 x 10° m
10x9.81xSin30
=———————=24525N/m

2x107°

k=24.525 N/mm Choice (B)

5.

&

A shaft having more than one disc will have as many
critical speeds as the number of discs. Choice (C)

m=2kg, ® =300 rad/s
:\/Z:k=m.wj =2x300>=180 kN/m
m

Dynamic load on the bearings = R, = k.r
r=0.03mm=3x10°m
R,=180x10°x3x10°=54N Choice (A)

The resulting stiffness of the given configuration is

1111
_— = — 4 —
k. 2k k k
1_5
k, 2k
=>ke=%k=0.4k

Where, k=4 x 200 N/m = 800 N/m

k= 0.4 x 800 = 320 N/m Choice (A)
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8.

10.

11.

1
MF = — - 12. mn=20rad/s=\/§,k=4ON/mm=4OX103N/m
©n @n = 8=77 —24.525mm
at resonance ® = O,
1 But,d =—
MF=—=15 k
* 24.525 x 107 v
1 = x BT
= (= %15 5 -=0.0334 Choice (B) 40x10
= W=981N
Damped time period, Choice (C)
2 X A
T =" 0,=01-C 13. “L=(9.4)"
T w, X
7 2n Logarithmic decrement
AyE— 5 =1In(9.4)""
o1=¢ = §=0.5602
i i 2né
Natuzril time period, But, § ==, £ = damping factor
T=—" JI=£&
w
62
T, 1 C, 2Vk s 7.9486 x 107 =
T jr Jo-c = Choice (0) 1-¢°
JI-¢ Jc-¢ Jakm—c — £=0.089 Choice (A)
C=15 14.
2
l+(2gwj Al 100em,
wn
L= 2 7P 2 |<L>:|
@ @ d, =80 cm, d, = 40 cm
w IA LA = ]B LB
When resonance occurs, a)_=1 coomr 22X (100 —x) =myr,? X x

m,=2kg,m,=3kg

Jmaz 2 2407 % (100 —x) =3 X 20° x x
T, 1+4£ L (4x1.5) _1054 i IOO—x(3 :

2 15 Choice (D) _2
X 8
T 100x8 .
w,=,|— Sooox= =72.7273 cm Choice (C)
m
Where k=9 x 4 =36 kN/m, m = 1200 kg 1S. F(#) = 20 Cos(60t) = F, Cos(cwr)
= F =20 N, »=60rad/sec
® 36000 =30 rad/s As there is no damper, ¢ =0
"\ 1200 F,
. x= o -
i e
g x= s=1400 N/mm
= 30= 5 §—mam
= §=0327m . 30— 20
= 327 mm v 1400 -m.60°
Choice (B)

= m=0.3887 kg =388.7 gms Choice (B)



16. The system is equivalent to

The equivalent stiffhess of the system is

ky
=2k, +7

k

eq

[2><%k) (lx k) [4 2)k——k—£x9
9 2 9 3 9

keq =10 N/mm
Natural frequency of the system

oot

=5 =—Hz

20x10° 1
17. o, \f ,/ 0 ,/00 =,/0.1667x10’ rad/s

for m =100 kg and k= 15 N/m

15><103
®, =,/0.15x10° rad/s

18. Xsin(wr + B) =10 sin(30¢) + 20 sin(30z + 125)
Now expanding both sides
Xcos B =10+ 20 Cos125
Xsin B =20 Sinl25

20Sin125
Tan —(

10+20cos125
—0.4462 rad = -25.56°

j= -0.4784

= B= Choice (A)

5
19. x = 12cos(6 mt) +E(COS 24nt)

. 5
X =126 msin(6mt) — 24 .sin(24 )

X =—12,(6 MP-cos(6 1)~ . (24 T)%.cos(24 )

1

att=—
6

5
X=m’[-12.6>.Cos Tt ) .242.Cos4 7]
= 12432 — 1440]

X =-1008 m* mm/s* =—1.008 m*m/s? Choice (C)

Choice (D)

Choice (C)
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"J L
T_GJ
0 L
L _T_G/
0L
J
= k,ocz
02
(k,)Q L),/ \L),
£d4
(i) _327"_m 40" 1600
L), L, 327150 3
(£) -Ehn, 01200,
L)y, 32°L, 32770 7
k
.-.(’)P=1600 T _ 7 _0.02916
(k), 3 128000 240
Choice (A)

21. 6 is anticlockwise, taking moments around pivot O.

J0=_mg.(16)— 1 6(6)

As the mass is concentrated and the rod is light
J=ml

’

-,

mP 0= (-mg—k0)l0
_ -0-_ (mg+k0)lt9

mil?
When 6 = /20

—(20x9.81+5xnjxn
20)" 20

0:
= 20%2

s 0=-0.7735rad/s?
22. m=50kg, k=12.5N/m

f [12
= o, \/7 —rad/s
50 4

Choice (C)
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Consider the standard solution for the differential 0.3316% %0.003
equation ST :W
¥ro,x=0asx=4Sinw+B Cosw,t r=3.7%10*m=0.370 mm Choice (D)
atr=0 . e
4 =4 Sin0 + B Cos0 24, 5X+3 X+ 10x =20 Sin(4 mt) - (1)
= B=4 -
. . mX+cx+loc F_ Sin(w?)
¥ =A0,Cosw,t — B, Sinw,f s m=5kg, c=3Ns/m, k=10 N/m
atr=0 ' F =20N, w=4mrad/s
0=A4w, Cos 0 — Bw, Sin0 Taking the solution as
= 4=0 x =X Sin(wt - ¢)
s x=4Cosw t =4 Cost/2 T
atr=0.5 where, X =4 x 10'3mand¢=30"=grad
0.5 .
x=4xCos 7 =4x0.969 =3.876 mm =X=X o Cos(wt— ) —(2)
Choice (D) X=—X o Sin(ot - ¢) —@3)
23. Taking the shaft as a simply supported shaft with centre Substituting (2) and (3) in equation (1)
load of 4 kg —5X 0 Sin(of — ¢) + 3X 0 Cos(wr —¢) + 10 X Sin
o - |8 (ot + ¢) = 20 Sin(4 )
" ) The damping force =3 X ® Cos(w? — ¢)
=3x4x103x4mx Cos(4mt—m/6)
} 14x9.81x0.6°
_msl _ =0.3934mm When 7= 0.5
BEL 40 200%10° x(”xo,oz“) Damping force = 0.1508 x Cos(2 1 —11/6)
64 =0.1306 N Choice (C)
= 60,1:\/§2157.90rad/s 25. 3X +7¥+5x=0
m= 3kg, C=7Ns/m, k=5N/m
The shaft is rotating at 500 rpm B =2Jkm =2.[5x3=2/15 5Ns/m
2aN  7x500
=——=————=5236r1ad/s C=7Ns/m
60 30 Jis
The amplitude of vibrations is damping factor { —£=—2 =0.9037
w 5236 «
(w] € (1579) x0.003 Logarithmic decrement = §
F=—r = . 3 ~ 2rn{  2mx0.9037

2
w 5236 - =
1—[wj 1—(157.9j J= {1-0.9037°

= 0=13.261 Choice (B)
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