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DE TAILED EXPL ANATIONS

2.2.2.2.2. (d)(d)(d)(d)(d)
Response to change in speed should be fast.

4.4.4.4.4. (b)(b)(b)(b)(b)

Kinetic energy, KE = 21
2

ωI

ω =
π π ×= =2 2 600

62.89 rad/s
60 60

N

Moment of inertia, I = 21
2

mR

= × × 21
25 (0.2)

2
= 0.5 kg-m2

Hence, KE = × × 21
0.5 (62.83)

2
= 986.9 Joules ≈ 987 J

5.5.5.5.5. (c)(c)(c)(c)(c)
Angular velocity of connecting rod is given as

ωc =
θω

− θ2 2

cos

sinn
(θ is crank angle)

At θ = 0°, ωc = 
ω ω= ≠

2
0

nn
θ = 45°

ωc =
22

2
0

1 2 12
2

nn

ω ω= ≠
−× −

θ = 90°, ωc = 
ω× =

−2

0 0
1n

θ = 180°, ωc = 
ω− ≠ 0
n

11.11.11.11.11. (c)(c)(c)(c)(c)
Moment of inertia of solid disc,

I =
2

2
mR

Mass of solid disc = Density × Volume
= ρ × πR2 × thickness
= 7810 × π × (0.135)2 × 30 × 10–3 = 13.415 kg

I = ×
2(0.135)

13.415
2

 = 0.1222 kg.m2

Gyroscopic couple, Cp = Iω ωp

= 0.1222 × 15 × 7 = 12.8356 N.m
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12.12.12.12.12. (b)(b)(b)(b)(b)
m = 10 tonne = 10000 kg, K = 0.8 m, N = 1800 rpm

ω =
π π ×=2 2 1800
60 60

N
 = 188.5 rad/s, V = 100 km/h, R = 75 m

MOI of rotor, I =  m K2

= 10000 × 0.82 = 6400 kg.m2

Angular velocity of precession ωp =
V
R

 = 
× × =100 1000 1

0.37 rad/s
3600 75

C = Iω ωp

= 6400 × 188.5 × 0.37 = 446.815 kN.m

14.14.14.14.14. (d)(d)(d)(d)(d)

ω =
π π ×= =2 2 300

31.4 rad/s
60 60

N

s = 40 mm, 0.04 m, θA = 90° = 
π
2

rad = 1.571 rad

θD = 60° = 
π
3

rad = 1.047 rad

max Risea =
π ω π × ×= =

θ

2 2 2 2
2

2 2
31.4 0.04 78.856 m/s

2( ) 2(1.571)A

s

max Returna =
π ω π × ×= =

θ

2 2 2 2
2

2 2
31.4 0.04 177.54 m/s

2( ) 2(1.047)D

s

Difference = 177.54 – 78.856 = 98.684 m/s2

15.15.15.15.15. (b)(b)(b)(b)(b)
The pressure angle can be reduced by increasing the angle of rotation of the cam, thereby lengthening the
pitch curve for the specified follower displacement. The cam profile becomes flatter and pressure angle
becomes smaller.

16.16.16.16.16. (c)(c)(c)(c)(c)
The equation for cycloidal motion is

y =  θ πθ− β π β 
1 2

sin
2

L

Here L = 1.5 cm = 15 mm, β = 180° = π rad, θ = 
π
3

y =
π π   − = − ×   π π π   

1 2 1 115 sin 15 0.866
3 2 3 3 2

= 15 × 0.1955
y = 2.9326 mm
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17.17.17.17.17. (c)(c)(c)(c)(c)

y ′ =
      θ θ θ − +     β β β β       

2 3 4

30 60 30
L

y ″ =
    θ θ θ − +   β β β β     

2 3

2
60 180 120

L

y ′″ =
  θ θ − +  β β β   

2

3
60 360 360

L

18.18.18.18.18. (b)(b)(b)(b)(b)
Height of watt governor considering the weight of the arm:

h

r
FC

W

Wa

O

h = 2
2

3

a

a

WWg
WW

 + 
 

ω  +  

=

 + ×
 

π ×  +  
2 2

6249.81 3600 2
64 90 24
3

 = 
+ 

 + 
24 30.11044
24 2

= × 27
0.11044

26
 = 0.1147 m or 114.7 mm

19.19.19.19.19. (b)(b)(b)(b)(b)

ω1 =
π ×2 200

60
 = 20.944 rad/s

ω2 =
π ×2 220

60
 = 23.04 rad/s

F1 = m ω1
2 r1 = 3 × 0.04 × (20.944)2 = 52.638 N

F2 = m ω2
2 r2 = 3 × 0.06 × (23.04)2 = 95.55 N

Spring constant, K =
 − 
   −   

2
2 1

2 1
2

F Fa
b r r

 = 
− × = − 

2 95.55 52.6382 1 4.29 N/mm
60 40

20.20.20.20.20. (a)(a)(a)(a)(a)

Mathematical condition for stability is given as >dF F
dr r

dF
dr

=
− −= = =
− −

2 1

2 1

50 25 25
0.625 N/mm

70 30 40
F F
r r

1

1

F
r = =25

0.833 N/mm
30

2

2

F
r

= =50
0.7143 N/mm

70

We can observe that < 1 2

1 2
 or 

F FdF
dr r r

So, the governor is unstable.
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21.21.21.21.21. (d)(d)(d)(d)(d)
The function of a governor is to maintain the prime mover speed within prescribed limits.

22.22.22.22.22. (c)(c)(c)(c)(c)
Given, m1 = m2 = 1 kg

1.6 m

θ

x m

y
x

30°

0.05 m

m1
0.06 m

m
2

y

r1 = 0.05 m
r2 = 0.06 m

Balancing mass, m = 0.2 kg

∑Fx = 0

1[–0.06 cos 30° + 0.05 cos0°]ω2 = 0.2 ω2 x

5[–0.052 + 0.05] = x

x = –10 mm

Similarly, ∑Fy = 0

1[0.06 sin 30°]ω2 = 0.2 ω2 y
y = 0.15 m = 150 mm

Position of balancing mass, r = +2 2yx = + =2 210 150 150.33 mm

23.23.23.23.23. (d)(d)(d)(d)(d)

Angular velocity, ω =
π π ×= =2 2 750

78.5 rad/s
60 60

N

The centrifugal forces due to the masses are
F1 = m1 r1 ω

2 = 3 × 0.3 × (78.5)2 × 10–3 = 5.55 kN
F2 = m2 r2 ω

2 = 10 × 0.15 × (78.5)2 × 10–3 = 9.24 kN
In vector from, these forces can be written as

F1 = 5.55∠135° = − +
��

3.92 3.92 ji

F2 = 9.24∠–150° = − −
��

8.00 4.62 ji

Here 
� ��

,  and j ki are unit vectors along x, y and z axis, respectively. To find bearing reactions at B, we take

moments about the bearing at A. This equation is written as

∑MA =  × − + + − − + × = 
� � � �� �

0.3 ( 3.92 3.92 ) ( 8 4.62 ) 0.5 0Bk j j k Fi i

=  × − − + × = 
� � ��

0.3 11.92 0.7 ) 0.5 0Bk j k Fi

= − + + × =
� ��

3.576 0.21 0.5 0Bj k Fi

×
�

0.5 Bk F = − +
��

0.21 3.576ji

× +
� ��

0.5 ( )B Byk F F jxi = − +
��

0.21 3.576ji

0.5 0.5By BF F j− + xi
��

= +
��

0.21 3.576ji

FBx =
3.576

0.5
 = 7.152, FBy = 

0.21
0.5

−
 = FBy = – 0.42

�
BF = − =

��
7.152 0.42 , 7.1643 kNBj Fi

We can find reaction at A in similar manner.
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25.25.25.25.25. (a)(a)(a)(a)(a)
L = 200 mm = 0.2 m

Crank length r = = 200
2 2
L

 = 100 mm = 0.1 m

N = 600 rpm, L = 500 mm = 0.5 m
mR = 150 kg

ω =
π π ×= = π =2 2 600

20 62.832 rad/s
60 60

N

n = = =0.5
5

0.1r
l

Inertia force, FI =
θ ω θ +  

2 cos2cosRm r
n

=
° × × ° +  

2 cos120150 (62.832) 0.1 cos60
5

=  × −  
3 0.559.2176 10 0.5

5
= 23.687 × 103 N = 23.687 kN

26.26.26.26.26. (c)(c)(c)(c)(c)
r = 50 mm

200 mm
50 mm

θ

OP1 P

10 mm

TDC

l = 200 mm

n = = 4
r
l

x =
 θ− θ + 
  

2sin(1 cos )
2

r
n

=
 − θ− θ + 
  

21 cos(1 cos )
2

r
n

10 = ( )
21 cos50 1 cos

8

 − θ− θ + 
  

10 = 50 – 50 cos θ + 6.25 – 6.25 cos2 θ
6.25 cos2 θ + 50 cos θ – 56.25 = 0

Solving this quadratic equation, we get θ = 33.14°
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27.27.27.27.27. (d)(d)(d)(d)(d)
Total fluctuation of speed, ω1 – ω2 = 2 × 0.005 ω = 0.01 ω

CS =
ω − ω

=
ω

1 2 0.01

ω =
π π ×= =2 2 90

9.426 rad/s
60 60

N

Work done per cycle =
× × ×= = ×

3
360 300 10 60

200 10  N.m
90

P
N

Maximum fluctuation of energy, ∆E = Work done per cycle × CS

= 200 × 103 × 0.1 = 20 × 103 N.m
∆E = m k2ω2CS

m =
∆
ω2 2

S

E
k C

 = 
× =

×

3

2 2
20 10

3601.6 kg
(2.5) (9.426) 0.01

28.28.28.28.28. (b)(b)(b)(b)(b)
T = 20000 + 9500 sin 2θ – 5700 cos 2θ

Tmean = 20000 N.m
T = Tmean

20000 = 20000 + 9500 sin 2θ – 5700 cos 2θ
9500 sin 2θ = 5700 cos 2θ

tan 2θ =
θ = =
θ

2sin 2 5700
0.6

cos2 9500

2θ = 31° or θ = 15.5°
θ = 15.5° and 90° + 15.5° = 105.5°

30.30.30.30.30. (b)(b)(b)(b)(b)

ω =
π × =2 3000

314.2 rad/s
60

m/2

m/2

m/2

Direct primary cranks

w

1, 2, 3

0

Maximum primary force = ω23
2
m

r

= −× × × ×2 33 1.5 100
(314.2) 10

2 2
= 11106 N = 11.1 kN


