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DETAILED EXPLANATIONS

1. (c)
n =4
j=3
h =1
DOF =3(n-1)-2j-h
=34-1)-2x3)-1=9-6-1=2
2. (a)

Here all turning pairs

3. (a)

4. (b)
‘a’ is completely constrained. (c) is also completely constrained and (d) is successfully constrained.
Only (b) has two possible motion, sliding and rotating.

(b) is incompletely constrained.

5. (b)
Ne | Tiput _Tp Te Ty _ 26x25%20
Ny Touput Tr Tp Tp 50x75%x65
N, = 0.0533 N, = 0.0533 x 975 = 52 rpm
6. (a)
Given: V =150mm/s
N =60 rpm
Coriolis acceleration =2 oV
= 25 2EX60 150 = 600mmm/s?
7. ()
— \/E = L =70 d
On = \fp T \o2x102 ~/0rad/s
8. (a)

nn-1) _ n-1n-2)

No. of instantaneous centres = > >

(We have to replace n with n-1)
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9. (b)
_ <
N
at critical damping, C=landc=c,

c. = 2Jsm = 2J5%20 =2100 =20 Ns/m

10.  (¢)

s+/=3+7=10cm
ptg=5+6=11lcm

s+l<p+q

Since Grashof’s law is satisfied and link adjacent to shortest is fixed hence crank rocker.

11. (b)
Given: m = 400 kg
r=2m
1. (2
Energy stored, AE = 51(032—03 )
2 2
_ 1X4OOX22X{(275><460) _(2n><420) }] (= mr)
2 60 60
2
= 400x2 2_th [ 4602 - (420)2 ]KJ = 308.81k]
1000 60
12. (b)
’ Wy (hy Iyy) = 04l 114)
20 c
S0 = o,k+y) L
Iy 3
X 3my B 4| 450 mm
x+y = E //// 2| 300 mm
e+ A o
300 300 12 y 14
Also ~ " 10
X300
x+y 450
3o, _ 300
20 450
_ 300 20
47 4507 3
V. = ro, (CD =r =450 mm)
_ 450 300 20
= 7000 (450 3 " 2m/s
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13. (a)
Arm | GearA | GearB
Arm fixed, gear A rotates by xrev.| 0 X - ; X
B
All arrangement rotated by yrev. | ¥ x+y |y- ;x
B
y = 150 (Anticlockwise — +ve sign)
x+y =20 (Gear A is fixed)
X =-y
= x = =150
36 36
= y——x=150+150 x —
Speed of gear B, Ng =Y 15" 15
= 270 rpm
14. (d)

Writing equilibrium equation

. I
10+kx| —| =
x(z) 0

Ié+k—L(6x£J =0
2 2
2

Ie+kie =0
4
2 2
12 4

0
k212 [3k_ [3x900 _
o0, = 2 XmLz o 3 =30rad/s

15. (0
1000 rpmx 21

0w = —— -~ =104.67 rad/sec

60
Transmissibility ratio = 0.1
1/2
2
= 01= On

T = - 272 2

[1_(60J ] +(2§wJ
0‘)1’1 0‘)1’1
Here, E=0
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2
1{&] - 10
(Dn
© 2
1-|—| =-10
0‘)71
2
®
or 1- P +10 (Rejected)
n
2
®
— =1
0‘)71
®
®, = AT = 31.56 rad/sec
|4k
0, = 4
4k = mw 2 =40 x 31.56% = 9959.19 x 4 N/m
or k = 9959.19 N/m
16. (d)
2k
2k 2k k 5k
2k
" = m = m
< < < <
Sk Sk Sk Sk
k
N iy
m m
17. (b)

B

Time of cutting

0
Time of return E

cosE = EO = 106.26°
2 250 B = 106.
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0 = 360° - 106.26°

0 = 253.74°
R
MO 10626

18. (b)
Drawing velocity diagram,

From geometry, Zdca = Zcad= 45°
\VC\ = 0, AC=4x15cm/s

=60cm/s=0.6m/s
Velocity of slider wrt link 4 = ‘VCD‘ = ‘VDC‘ = ‘Vc‘sin45°

0.6
= —=0424m/s
NG /
19. ()
h =GO = GH + HO = AE cos6 + EHcot0
h = 400c0s35° + 25c0t35° = 363.4 mm
h’ = 400c0s30° + 25cot30° = 389.7 mm
Now, h = i and b’ = g
o \/ﬁ /363 0966
o \n \3897
Decrease in speed = (1 - 0.966) x 100 = 3.44%
20. (a)

As per given data, I = 1.5 kg-m?
The angular velocity of spin of the disc,
2nx500 1007

W= T rad/s
The angular velocity of precession ,
S
W, = 5 ra /s

Gyroscopic couple, T = I W0,

100m 2w

= 1.5x x— =10m? =
5

m?/s?
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21. (¢)

Let the liquid is displaced by x and the cross-section area of tube be A.

ATET

i

B

The column of liquid of length 2x on the right side exerts a restoring force on the remaining

liquid.
Total mass of liquid, m = ALp
So, mx = - 2xApg
= pALX +2xApg = 0
= 5c'+2L—gx =0
28
CTNL
22,  (d)
23.  (¢)
Given: C=40N/m/s, C,.=420 N/m/s
C 40
= —=—-=0.09%
S0, ST C T a0

Now, logarithmic decrement (J)
2nE  2mx0.095

4K

§ = = =0.6
J1-€2 \1-0.0952
24. (c)
Disturbing force, F = (1 - ¢) mro?cosf
= (1-0.4) x 6 x 0.10 x 152 x cos60 = 40.5 N
25.  (b)
2K 2K § i
2K 2 B34S
2K
= m
K K
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o = _Keq = % = 2\/K
n ' m \ m m
26. (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.

2. = 0’r (towards centre)

42 x4 =64m/s?

—

a; = ro. (tangential in direction of o)
=4x9=36m/s?
Coriolis acceleration, g, =2V, ding ©

=2x9x4=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.

>

YRS
S5

,77/32
o~

/77/,3 2

.
%

27. (o)
T, =40
m =2mm
Np = 800 rpm
D, = 80 mm
rp =40 mm
rp+ s =120 mm
g = 80 mm
. G Tg
p Tp
80
T, = EXALO =80
Ne Tp
= Np ~ Tg
40
= N; = %XSOO =400 rpm
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28. (b)
29. (d)

a, d b, c

Velocity diagram for this configuration of mechanism
from velocity diagram
V,=V.=(AB)W,=02%x20=4m/s
30. (b)

For the Hartnell governor
spring stiffness is given by

k= 2(3)2 Lt}
b 7‘1_7'2
. 2(5)2(1500—100)
b 20-15
1400
k = Z(T) =560 N/cm (- a and b are same)
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