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Q.2
A block of mass 250 kg rests on a plane inclined at 45°. A force F is applied horizontally as
shown Fig Q.2. The coefficient of friction between the block and the plane is 0.3.
Calculate each of the following:
(a) the value of F required to just start to move the block up the plane with a constant

velocity; (10)
(b) the value of F required to hold the block stationary on the plane; 3
(c) the magnitude and direction of the friction force if F = 1.8 kN (3)
F
450
Fig Q2
Solution-
u=0.3
¢ =tan"lp
¢ = 16.7°
(a) |
2508 Motion

F
R 45% 1 250g
Fig: FBD Fig: Force Diagram
tan(45 + ¢) = d
an ®) = 750g
F = 250g X tan(45 + 0)
F = 45548 N
Therefore, Force required to move the block up is 4554.8 N
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(b) |

2508 Motion

250g
4599

Fig: FBD Fig: Force Diagram
tan(45 ) = 4
an ®) = 7508
F = 250g X tan(45 — @)
F=1320.53 N
~ Force required to hold the block stationary is 1320.53 N
(©) -

2508 /0 m0on
y X

Fig: FBD

F=18KN = 1800 N

Yr=o

E. 4+ Fcos45 — 2509 sin45 = 0
FE. = 2509 sin45 — Fcos45F,. = 250 X 9.81 X sin45 — 1800 X cos45
F, = 461.39 N (Friction force is along the plane in upward direction.)
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Q.3

Two cars move from the same stationary point, the first car moves in a straight line with an
acceleration of 0.45 m/s®. The second car then follows the same path with an acceleration of
0.75 m/s?, starting four seconds after the first car began moving.

(a) Sketch a graph of speed against time to show the motion of each car up to the point
overtaking occurs and state what is common to both graphs at the point of
overtaking. (3)

(b) Calculate each of the following:

Q) the distance the cars will have travelled when the second car overtakes the
first; (10)
(i) the speed, in km/h of EACH car when overtaking occurs. (3)

Solution:-
(a)
V ‘ First car Second car
\ Overtaking
103125ms + — —|— — — — - -
II |
79875ms - — — L —————— :
II |
\ |
' |
|
| > t
4s 1775 5
(b)
a, = 0.45 m/s?
a, = 0.75 m/s?
tl = t2 + 4‘
u;, =u, =0m/s
—ut+ = a2
s=u > a
S0+ 2 ayty?
$1 = 2 aty
Sl = 05 X 04‘5 X t12
s; = 0.5 X 0.45 X (t, + 4)?
Sl = 0225(t22 + 8t2 + 16)
Sl = 0225t22 + 18t2 + 36
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1 2
52:0+_a2t2

2
S, = 05 X 075 X tzz
S, = 0375t22

At the point overtaking, both vehicles travelled the same distance
S1 =Sy

0.225t,%2 + 1.8t, + 3.6 = 0.375t,2

0.15t,2 —1.8t, — 3.6 = 0

_ 1.84/(~1.8)2 — 4(0.15)(—3.6)

f2 = 2(0.15)
. 1.8+ 5.4
2703

tz = 1375 S

() S, = 0.375x 13.752
S, = 70.9m

Distance the cars will travelled when the 2" car overtakes the first car is 70.9 m

(i) ty=t, +4=1775s
v=u+at
v; =0+ a.t; =045 % 17.75
v, =7.9875m/s = 28.755 km/hr

VU, = 0 + aztz = 075 X 1375
v, =10.3125m/s = 37.125 km/hr

P.T.O.
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Q4
A stationary flywheel of mass 300 kg has a constant torque of 1 kNm applied to it for a
period of 30 seconds after which it freewheels to rest in a period of 15 minutes. The
maximum speed attained by the flywheel is 40 rad/second.
Calculate each of the following:
(a) the radius of gyration of the flywheel about its axis; (14)
(b) the frictional torque in the bearings assuming this to be constant.  (2)
Solution:-
m = 300 kg
Tp =1kNm = 1000 Nm
Wmax = 40rad/s
w; = 0rad/s
Wy = Wmax = 407rad/s
w3 =0rad/s
(@)
When external torque is applied on the flywheel, t = 30s

ZTzIa

T, —Tp =1

Wy — Wy
—

40—0)
30

1000—Tf=1(

4
1000 — Ty = I (5)

4
Ty = 1000 — I (g)

Tr = 1000 — 1.3333/

When external torque is removed, t =15 min

ZTzIa

(1)3 - 0)2
Ty = I( t )
S ( 0—40 )
I~ "\15 x 60
Tr = 0.04441
6
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~ 1000 — 1.33331 = 0.04441
1.37771 = 1000

I = 725.85 kg m?

mk? = 725.85

r = 725.85
.| 300

k=1.555m
Therefore, the radius of gyration of the flywheel is 1.556 m

(b)

4
Ty = 1000 — 3 X 725.85

T;=32.2Nm

Therefore, frictional torque in the bearing is 32.2 Nm

P.T.O.
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Q.5

The piston of reciprocating engine moves with simple harmonic motion and the engine
speed is 100 rev/min. When the piston is 1 m from mid stroke its velocity is 65% of its
maximum velocity.
Calculate each of the following:
(a) the stroke of the engine; (10)
(b) the instantaneous velocity of the piston when it is 600 mm from top dead centre; (3)
(c) the maximum acceleration of piston. (3)

Solution:-

()

Stroke SRl S + Fixed point

N = 100 rev/min

_27TN_27TX100_1O472 d
== 0 = 10. rad/s

v = wyR? — x?

Vmax = WR

x=1m

v = 0.65V,,45

wm = wR X 0.65

R? — x? = R? x 0.65%

R?(1 — 0.65%) = x?

R?x0.5775 =1

R = 1.316 m (Amplitude of SHM)
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Stroke = 2R
Stroke = 2.632m

(b)
TDC
600
R mm
X
Stroke| AT * Fixed point
R
”””””””””””” BDC
x=R—0.6=1316—06
x=0.716 m
v = wy/ R? — x?
v = 10.4724/1.3162 — 0.7162
v=11.563m/s
(c)
Amax = w’R
Umar = 10.472% x 1.316
Amax = 144.316 m/s?
P.T.O.
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Q.6
The effort wheel of a worm and worm wheel chain block is 220 mm diameter, the worm is
single start and the worm wheel has 45 teeth. The load wheel is 130 mm diameter. A load of
7 KN requires an effort of 180 N.
(a) Sketch the arrangement. (4)
(b) When lifting a load of 7 KN, calculate EACH of the following:
Q) the efficiency; (8)
(i) theideal effort; (2)
(iii)  the effort required to overcome the friction. (2)

Solution:-
(a)
Whaal
11
¢P
(b)
Diameter of effort wheel = D =220 mm = 0.22m
Number of tooth on worm wheel =t =45
Diameter of load wheel =d =130 mm =0.13 m
W =7kN=7000N
P=180N
Mechanical Ad t MA—W—7000—38889
ecnanica van age, = p = 180 = .
Velocity rati VR—Dt—0'22X45—7615
eoayra Lo, = d = 013 = .
()
10
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Effici _ MA _ 38.889 — 05107
1c1ency = VR = 7615 = .
Efficiency = 51.07 %
(i)
Ideal Effort = w = 7000 =9192N
O =YR T 7615~

Ideal Effort = 91.92 N

(ili)  Effortrequired to overcome the friction = P - Ideal Effort

=180 —91.92
=88.08 N
P.T.O.
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Q.7
A hollow cast iron shaft is to transmit a power of 750 kW at 120 rev/min. The angle of twist
in the shaft is not to exceed one degree over a length of 30 times the external diameter. The
ratio of the external to internal diameters is 3:2.
Calculate EACH of the following:

(a) the minimum outside diameter for the shaft; (12)

(b) the maximum shear stress at the inner and outer surfaces of the shaft.  (4)

Note: The modulus of rigidity for cast iron = 40 GN/m?

Solution:-
Power = 750 kW = 750 x 103 W
N =120 rev/min

p _ 27NT
ower = 60
- Power x 60 750 X 103 x 60 50683104 N
T 27N 2mx120 ' m
T
=19= =0.0174
0 180 = 0.0 rad
L = 30D
— D =1.5d
_— — = —
—
L =30 X 1.5d = 45d
G =40 GN/m? = 40 x 10° N/m?
T
] = —( Dt—dh = 5 [(1.5d)* — d*] = 0.3988 d*

From Torsion Equation,

GO T

L ]

40 x 10° X 0.0174 _ 59683.104
45d ~0.3988 d*4

~ ( 59683.104 X 45 )1/3
~10.3988 x 40 x 10° x 0.0174

d =0214m
(@)
D=15xd=0321m

Minimum Outside diameter, D = 321 mm

12
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(b)
J =0.3988 d* = 0.3988 x 0.214* = 8.36392 x 10~* m*
T
Tmax = 7 X R
_ 59683.104 y 0.321
tmax = g36392 x 10-% . 2
Tmax = 11453 x 10° N/,
Tonax = 11.453 MN/m?
P.T.O.
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Q.8
A horizontal cantilever beam has a hollow rectangular cross section, with outside
dimensions 100 mm wide by 150 mm deep and inside dimensions 82 mm wide by 126 mm
deep. The beam is 3 m long, has a mass of 110 kg and carries a concentrated load of 1.85
kN at its free end.
Calculate EACH of the following:

(a) the maximum stress in the beam; (10)

(b) the maximum deflection at the free end of the beam. (6)

3
Note: Deflection, 6 = I;V—EII for a concentrated load, where W= concentrated load in newtons.

4
Deflection, 8§ = Z—; for a distributed load, where w= udl in newtons per meter.
The modulus of Elasticity = 210 GN/m?.

Solution:-

1.85 kN . T
Ymax

150 mm l Neutral
5 SO Y e e
126 mm

= 82mm  ~

- 100 mm -

Fig:- Cross-section of the beam

110g
udl = N 359.7 N/m

Maximum bending moment, M is given by

359.7 x 32
M=185x%x103x%x3+ — = 7168.65 Nm

150

Vmax = - = 75mm = 0.075m

J = 0.1 X 0.15% — 0.082 x 0.1263

= 1. x 107> m*
12 1.4456 X 10~ m

Maximum stress in the beam = f;,,,,

M 716865
fmax =T Ymax = Taam6 31075

Fmax = 37.192 MN /m?

x 0.075 = 37.192 X 10® N/m?
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(b)
E =210 GN/m? = 210 x 10° N/m?
6_Wl3_ 1850 x 33 — 0.0055m = 5.5
1= 3E ~ 3x210 x 10° x 1.4456 x 10-5 o> M= o> mm
5 _Wl4_ 359.7 x 3* 00012 m = 1.2
2T 8EI ~ 8x210 x 10° x 1.4456 x 10-5 _ ~ ~ 2 M= hemm
~ Maximum deflection at the free end of the beam = 6,,,,
6max = 61+62
oy = 5.5+ 1.2
Omax = 6.7 Mmm
P.T.O.
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Q.9
A vertical steel rod welded to a heavy platform is 1.2 m long and 18 mm diameter. Twenty
millimetres above the end of the rod, a mass of 100 kg becomes dislodged and falls onto the
end of the rod.
Calculate EACH of the following:

(a) the instantaneous compression of the rod; (14)

(b) the instantaneous initial stress induced into the end of the rod. (2)

Note: The Modulus of Elasticity for steel = 208 GN/m?

Solution:-
|
i
i
i
!
|
i
i
i
i
| L
m |
|
|
h i
i
|
|
| !
i
!
l=1.2m,
d=18mm = 0.018 m
h=20mm=0.02m
m = 100 kg
E = 208 GN/m? = 208 x 10° N/m?
From conservation of energy,
mg(h + Al) = (Strain energy)
100x981(002+gl> _ % vl
) ) T volume
-9 0—2 n 2
19.62 + 5.6596 X 107’0 = X —=x0.018° x 1.2

2x208x%x10°° 4
7.3404 X 1071%¢2% — 5.6596 X 10~ %0 — 19.62 =0

o =167.389 x 10° N /m?
(@)

Instantaneous component of the rod = Al

16
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_ ol 167.389 x 10° x 1.2

Al = — = = 0.00097
E 208 x 10° m
Al =0.97 mm
(b)
Instantaneous initial stress = 167.389 x 10°N/m? = 167.389 MN/m?
17
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