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DETAILED EXPLANATIONS

1. (b)

2. (b)
s=10cm, =50 cm, p =30 cm, g =40 cm
for Grashoff’s chain rule to be satisfied,

s+l < p+gq
10 +50 < 30 +40
60 < 70

Chain rule satisfied.

here coupler “AB” which is a shortest link can rotate completely relative to fixed link OC. Because
there is atleast one revolving link if the sum of the lengths of the largest and shortest link is less
than the sum of the lengths of the other two links.

3. (b)
Ng*NT,+NT =0
0.93 x 1000 x 1440 + (- 840)T, =0
T, = 1594.29 Nm
T,+T,+T, =0
1000 +1594.3 + T, = 0
T, = -2594.3 Nm

(-) sign mean torque should be applied to opposite of input torque or rotation.

4, (c)
5. (a)
6. (c)
Maximum path of contact = (r + R) sin ¢
100
r= 5 50 mm
R
P G
R
Pl 5
R
= =% =0
R = 250 mm
According to the question,
(r+R)sin¢ = 117.2 mm
from above ¢ = 22.995
¢ = 23°
7. (d)

For involute teeth profile, ¢ remains constant.
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8. (d)
9. (d)
For damper not to be used,
r> /2
L
0, = V2
k
®, = 4
6.25x1000
= ©, =" 10 =25
© > (25&)
o > 35.3553
For (d), 36, damper not be to used.
10. (b)
1.1079 rad/s on comparing it with,
m¥+cx+kx =0
m = 20
c = 60
k =25
= \/z_,/ﬁ =1.118
0 T A N20 T
_c
& = 2mk
_ 6
S = 22025
€ = 0.1341
W, = (Dn\[l—éz
®; = 1.118y1-0.13417
0, = 1.1079 rad/s ~ 1.11 rad/s
11. (¢)
17 17
_ —[Tde _ =[(1000+400sin26-500c0s26)x.40
mean Tl:o TCO
ean = 1000 Nm
At any instant, AT =T-T_ ...

.. AT is zero, when
400 sin 2 6 - 500 cos 2 6

(1000 + 400 sin 2 6 - 500 cos 2 ) - 1000
400 sin 2 6 - 500 cos 2 6
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tan2 0

20

max

max

emax

640.312

k:

. k%
12.  (¢)

>
4
51.34° or  231.34°

115.67
| (400sin26-500c0s26)xd6
25.67

640.312 Nm

500 x .35%2 x k x 10m x 107
0.01059
1.059 %

O = 4R3n

X
_ m
0
mg sin o

os 0

Displacing the semi-circular disk by small angle 6,

We have,

External torque

Inertial torque

. 4R ..
(mgsme)xg = _10

.. For small 0,

sin® = 0

4R .
mgéx— = _J@

3n

.. 4R
I0+mgx—0 =
& 3n 0

2 2
I = ﬂ *.» Polar moment of inertia of disc =
2
m_Rze+ me o ~ 0
2 €30
4R 2
g4 MR MR g
3n 2
Comparing with 0+w nze =0
ImgdRx2
(Dn = 2
3ntxmR
8¢
= On = 3nR
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=

13.  (b)

hi

f,

Since system is in series, so

k

2 x(2m)* xm

14.  (¢)

W,

Energy released

15. (a)

f

16. (d)

By equilibrium method

10+ kx(é)
2

1k
2n\'m 1
1 |k
2n\ m 2

fi@m)* xm

F22n)? xm

kyk,
ki +k,
fEx@r)? xmx fs

fEx@r? xm+ f;

fiXfo

\]f12+f22

x (2m)* xm
x (21)* xm

2n x 4

%60 =48.171 rad/sec

2nx435 45.55 rad

o 4555 /sec

11(03% ~3) = L mx k(481712 - 45.552)
2 2

1,2XA000 1 5x12x245.642

2 9.81

36 kJ

60 kg

40 kN/m =40 x 103 N/m
20% of critical value

o, (J1-&)

40 103
\f [ = 258198 rad/s

Cc

25.8198v1 - 0.22

25.2982 rad/s
4.02 Hz
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Ié+k—L 6><£
2 2

2
Ie+kL6
4

2 g2
mL g K
12 4

17.  (¢)

(V)

Resonance o

n

A

wn

S

K2 12 [3k _ [3x300
4 2 \m 1

30 rad/s

3 kg

40 N
15 mm
0.24 sec

Fy/s

20 _ 2 61799 rad
T o4 ~ 26:1799rad/s

S

m

2056.1675 N/m

Putting these values in equation (1),

0.015 =

40
2056.1675% 2% £

40x1000
15%x2056.1675% 2

0.6484

C (Damping coefficient)

N a (Critical damping coefficient)

0.6484 x 2+/2056.1675%x 3

101.859 Ns/m
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18.  (b)

~ o= O S

96 kg

85 x 10° N/m?

04 m

0.04 m

mk? = 96 x 0.04? = 15.36 kg.m?
s

Tt - T x(0.04)
32 32

25132 x 107 m*

Total torsional stiffness of shaft,

19. (d)

q

sinf3

sin©

Power

1+ 4,

o,
Ly L

48066.3676 Nm

1 |q

2n\1

1 f48066.3676
2n 15.36
8.9031 Hz

8.90 Hz

V032 -0.152 =0.2598 m

150 - 40
250

26.1038°

150
300

30°
tanf  tan26.1038
tan© tan 30°

M 4>
{m+7(1+k)}gh(1+2cJ

=(.8486

[6+20(1 +0.8486)]9.81x 0.2598(

0.04341 Nmm
43.41 Nm

=L _ 85%x107x2.5132x 1077 E+i}

0.8

4%0.012
1+2x0.01
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20. (c)
T = -mglsin0
T = -mglo [. sin® >~ 0 as O is very small ]
T = Ilo.=-mglO
I = ml?
-g0
o = 52 ()
l
and we know o =§=- 03%6 ...(ii)
Comparing (i) and (ii)
o - 8
" l
So, ®, \/g
_ 8Earth
&Moon 6

(wn)Moon = \’ ngoon

1 {8E th _ 1
(wn)Moon = % Ellr _%(mn)Earth

((Dn)Moon = 0'4082[wn]Earth

21. (b)
Absolute acceleration of B will be vector addition of centripetal acceleration, tangential acceleration
due to rotation of link OA and Coriolis acceleration due to sliding motion of block B.

—

ac

o’r (towards centre)

4% x 4 =64 m/s?

—

at

ro. (tangential in direction of o)

4x9=36m/s?

Coriolis acceleration, 4., = 2V, ding ©

=2x9%x4=72m/s?
Direction of Coriolis acceleration — Rotating direction of sliding velocity which is inwards through
90° in the direction of the angular velocity which is counter clockwise.
Therefore direction of Coriolis acceleration is opposite and collinear to the tangential acceleration.
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36,77/82
) ,77/8-2
%
Eabs| = [642 + 362 =73.43 m/52
22, (d) .
Since A and C are driving gears
Let T, = 18and T.=24 @ | | B)
All the gears have same module so, to equate the center distance
T+ Ty = Te+ T ~S
Now, T, = 36 and T}, = 30 for the equal center distance.
N Np N T T
Now, D _ “DyB__Cy 4 D) | | (©
Nao  Nc Np Ip Tp
200 24 XE —
Ny 30 36
N, = 500 rpm = 52.36 rad/s
23.  (¢)
d = ln( *n )=ln(%)
Xn+1 70
d = 0.2513
21
and d = &2
1-¢
put =X
5 = 2nVX
- V1-X
52 o An°X
1-X
= 0.2513%(1 - X) = 4n?X
0.063 - 0.063X = 4n?X
0.063 = 39.54X
= X =159 x 1073
¢ =Jx

€ = 0.0399 ~ 0.040
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24.  (c)
As per given system after disturbing system by x.
Equation of motion mi +cx+(ky +ky)x =0 kix -
kg +k m e CX
X+ ix + M =0
m m kox
c
2§mn = -
kl + k2
0, = -

For critically damped, § = 1

c

o = 2ym(ky +ky)

c.=2mw,

a
|

25. (a)
R = 100 mm, r = 45 mm, ¢ = 20°
R, = Rcos¢ = 100c0s20° = 93.97 mm
r, = rcosd =45c0s20° = 42.29 mm

. Base circle radius is property of gear geometry so it does not change with center distance:
R, +1,) = (R + 1')cos¢’

where R’ + 1’ is new center distance,

Previous center distance =R + r =145 mm

New center distance =1.03 x 145 = 149.35 mm

93.97 +42.29 ,
14935 %0
¢ = 24.17°
26. (d)
When piston is at 40% of stroke.
Stroke = 40 cm; r =20 cm; [ =90 cm
l
n=—-=45
r
x = r[(l—cose)+(n—\/n2 —sin? 9)]
0.4 x40 = 20[(1—c059)+ (- n? —sin? e)]
0.8 = 1-cosB +4.5- v45% —sin*0

(cosB - 4.7) = _\45% —sin’0

cos20 + 4.72 - 2 x 4.7 x cosO = 4.52 - sin?0
1+472-452 = 2 x4.7 x cosd

cosO = 0.302
0 = 72.41°
27. (d)
AE = 3000 Nm

rim contributes only 90% of MOI
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k = 90%
C. =02
21t x 250
o = 50 = 26.1799 rad/s?
kx AE = Io? C,
0.9 x 3000 = [ % 26.17992 x 0.2
I, = 19.6968 kg-m?
I, 19.6968
m, = F_ (0'45)2 = 97.268 kg
m, = 2mR X bx txp
97268 = 21w x 045 x b x t x 7000
bxt = 49145 x 103 m?
28.  (d)
A mecs mlelooz
I X a : T
Y
£, . | T
S P

from equilibrium equation
2 2
R, + R; + me,0” + mew

R,+R, =

= m,e,0” + men?
0

By taking moment about support ‘A’,

2 2
mye,m” X i + men(x + a)
m,e, 0’y + mew?x + mew?a
R,
if mew?’a
mea
29, (d)

magnification factor

for peak amplitude

d(MF)
dr

= 21 -1 (2r) - 4E2(2r)

pl
= r
Given: &
’
;
30. (¢)

= 2 2
mew-x + mye;w (y +a,) + Ry x 1

2 2 2
mew” x + me,0°y + mye,0°a;+ Ry x|

2 2
(mewa - m,e,wa,)
= 2
m,e,0°a,
= myea, thenR;=0=R, =0

1

\/(1 - r2)2 + (2&1‘)2

—%[2(1 —r2)(<2r)+4822r |

=0= 3/2 0
[(1 —? )2 + (2@1’)2}

=0

=1-¢2

= \1-2¢2

= 0.30

= J1-2x(03)?

= 0.9055
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