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Question:
A leather belt is required to transmit 7.5 kW
from a pulley 1.2 m in diameter running at 250
rpm. The angle of contact is 1650 and the co-
efficient of friction between the belt and the
pulley is 0.35. If the safe working stress for the
leather belt is 2 MPa, density of leather is 1050
kg/m3 and the thickness of belt is 10 mm,
determine the width of belt, taking centrifugal
tension into account.
Answer:
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Question:

Two parallel shafts, connected by a crossed belt, are provided with
pulleys 480 mm and 640 mm in diameters. The distance between
the centre lines of the shafts is 3 m. Find by how much the length
of the belt should be changed if it is desired to alter the direction
of rotation of the driven shaft.

Answer:

D, =480mm = 0.48m R,=0.24m
D, = 640mm = 0.64m R, =0.32m
X=3m

Crossed beli=

2
L=TI(g +r,)+ 2x+{rl +lr2) 1 mark
(0.24+0.32)° 8
3
L =7.863mm 2 marks

Q5¢c) L=T1(0.24+0.32)+2(3) +

Now Rotation Alter{open belt)

2
L=1II(x +r3)+2:tr.+(rl lfz] 1 mark

L=11(0.24+032) + 2(3)+ 2:24=0:32)"

L=7.76mm 2 marks

Length of belt should be changed,

L=(Length of cross belt)-{length of open belt)
=7.863-7.76

L=0.103 mm 2 marks
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Question:
A simple band brake shown in figure 2 is applied to a shaft carrying
a flywheel of mass 250 kg and of radius of gyration 300 mm. The
shaft speed is 200 rpm. The drum diameter is 200 mm and the
coefficient of friction is 0.25. The dimensions a and | are 100 mm
and 280 mm respectively and the angle § = 1350. Determine
(i) the brake torque when a force of 120 N is applied at the lever
end.
(ii) the number of turns of the flywheel before it comes to rest.
(iii) the time taken by flywheel to come to rest.
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Fig. -2
Answer:
A simple band brake drum:

= 100mm W = 28amm é’ P-l1oN
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B=135" ™
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] bt .
Q6b) LAl s 8 view
Sol Given:- P=120N
N = 200 rpm a = 100 mm=0.1m
D= 200 mm = 02m 1= 280 mm = 0.28m
f =225"=3.92 rad u=025
K=03m
Ans:-

=g

T. =2.669 01 mark

e

i £=edu;'.‘\'n,'u'.'l T
T.

I’=T2 Xx=120= T,X01
i 028

T =336N B — |1 1} 14 4

T, =T, X2.669

T, =336X2669 ;T,=896784N____ 01 mark

T, =(T,-T,JR_ T, =(896.784-336)0.1

T,=56N.m o1 mark

I} K.E.of Flywheel:-
1, 5 1 Lf2INY
—lo' ==X (mk" )| ——
2 PR J[ 60 ]
2xnx200]E

=lx (250X 0.3%)
2 60

=% X22.5X 438.64; K. E. = 493480 N. Memseemmemmmmmmmmmms 02 mark

Let n = Number of revolution before it comes to rest

Work done = T, X0=T, X2XI1Xn
=56.07X2XI1Xn
=(352298Xn)N.m

1 mark
Work done = change in K. E.
4934.80
n= 352,298 n=14.007 1 mark
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Question:

A conical pivot with angle of cone as 1000, supports a load of 18
kN. The external radius is 2.5 times the internal radius. The shaft
rotates at 150 rpm. If the intensity of pressure is to be 300 kN/m2
and coefficient of friction as 0.05, what is the power lost in working
against the friction ?

Answer:
Given data,
2a=100" a=50"
W=18KN P, =300X10° N/m’
u=0.05 N=150rpm
R,=25R,
W=PXIIR-R,") 1 mark
18X 10° =300 X107 (3.142) ((2.5R,)* -(R,)*
0.019=1.5R,’
Q6¢c) R,=01lm { mark 8 view
R,=2.5X0.11 ;R,=028m____________ 1 mark
2 R’-R,’
AT=2pW
3 H R,2 _Rzz g™ 2 marks
_20.05X18X10°((0.281)' - (0.11)*)
3 ((0.281)* —(0.11)* )sin 50°
B 16.336
((0.281)" =(0.11)*)
T=24433N.m

_2IINT  2XTIX150X 244.33
60 60

P =3.837 X 10° Watt =3.837 K Watt

Power Lost=3.837TKW_______ 2 marks
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Question:

In a slider crank mechanism the length of crank and connecting rod are
100mm and 40mm respectively. The crank rotates uniformly at 600 rpm
clockwise. Then crank has turned through 45° from I.D.C. Find by
analytical method. (i) Velocity and acceleration of slider (ii) Angular
velocity and angular acceleration of connecting rod.

Answer:
Radius of crank, r=100 mm = 0.1m speed. N= 600 rpm ,w= 2nN/60=62.83 rad/sec

Length of connecting rod, =400 mm=0.4m (40 mm is printing mistake)
Obliquity ratio, n=I/r =400/100= 4, Crank angle ,6= 45°
sin

0 :
) =5.225 m/s 8 view

Q5a) velocity of slider Vp= wr(sin 6+

Acceleration of slider fp = w?r(cos 6 +¥) =279.15 m/s?

Angular velocity of connecting rod wyc = (w cos 8)/n = 11.107 rad/sec

Angular acceleration of connecting rod @pc= (-w? sin 8)/n = -697.89 rad/sec?

[Note- If student has taken I1=40,(due to printing mistake in QP) which is practically not
possible, but values of answers in that case will be Vp=12.29 m/s ;fp= 279.15 m/s?; w,=111.07
rad/sec; ap.=6978.86 rad/s?, which may be acceptable.]

Question:

In a band and block brake shown in Fig. No. 1 has 14 blocks.
Each block subtends an angle of 16° and p = 0.3. Tension

on tight side is T and that on slack side is T, when force of
300N is applied at the end of lever, find braking torque and
direction of rotation of drum required.

L &0 tm
b—

_H

Q5¢c)

Fig. No. 1

Answer:
Band and block brake

No. of blocks n=14 ; 8= 16° ;u = 0.3 braking force= 300N

8
n 1+ptan
—_—= —zej” =3.26 4M
Ta 1-ptan;

To X 10=300X 60 ; To=1800 N ; Tn = 1800 X 3.26 = 5868 N Let ry= radius of brake drum (Not
given). If we consider it as 10 ¢cm,

ro=(5868-1800) X 0.1=406.8 N m ...... aM
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Question:
Determine the power lost in a footstep bearing due to friction if a load of

15 kN is supported and the shaft is rotating at 100 r.p.m. The diameter of

bearing is 15cm and coefficient of friction is 0.05.

Assume :

(i) Uniform wear condition

(ii) Uniform pressure condition.

Answer:
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Question:

In reciprocating engine the crank is 250 mm long and connecting rod
is 1000 mm long. The crank rotate at 150 rpm. Find velocity and
acceleration of piston and angular velocity and angular acceleration
of connecting rod when the crank makes an angle of 30° to IDC. Use
analytical method.

Answer:

Solution of problem on Reciprocating Engine :

Given: r=250mm =0.25m, |1=1000mm=1m, 6=30° N = 150 rpm
W=7 ~150/60=7.85rad's

1. Velocity of piston
We know that ratio of the length of connecting rod and crank.

n=1/'r=1/025=4

Q5a) - Velocity of the slider, 8 view

. : >
Sm'ﬁ]z 7.85%0.25 [sin 30 +H]nvs
21%4

Vp = tm'(sinﬁ +
2n

=1.19m's Ans.
and acceleration of the slider.

cos 20

ap = o' r [cos 0+

]= (7.85) xn.zs[cosao > 4 %]nvsz

=15.27 m/s’ Ans.
2. Angular velocity & Angular acceleration of Con Rod
We know that angular velocity of the connecting rod,

wcos® 7,85 xcos30°
il n = 4

and angular acceleration of the connecting rod.

=1.67 rad/s Ans.

o sin® (7.85)° xsin 30°
n 4

Olpe =7.7 rad/s’ Ans.
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Question:

A belt is required to transmit 10 kW from a motor running at 600
rpm. The belt is 12 mm thick and has a mass density 0.001 gm/mm3 .
Safe stress in the belt is not to exceed 2.5 N/mm2 , diameter of the
driving pulley is 250 mm whereas the speed of the driven pulley is
200 rpm. The two shafts are 1.25 m apart. The coefficient of friction
is 0.25, determine

(1) Angle of contact at driving pulley

(2) The width of the belt

Answer:
P=1s x1s8° w_ Ni=&casvpm dy = 250 v = 025
M= 028 x=l.25m™m_ &=0-00! g | o™
6= 2-58 HN{mmz , Ma= adgp i s
Hi . d= . daz= O-75 ™
oz A4
Ya— O-RES
we have,
Ainor — b ajvs—‘_nllis
Q5c) . i 8 view
- o< = .52t
2eca 28.0F
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Taz= g7 W
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Note:— Tf Pmb is salved constdering T & Te |
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Question:

A simple band brake is operated by lever 40 cm long. The brake drum
diameter is 40 cm and brake band embrance 5/8 of its circumference.
One end of band is attached to a fulcrum of lever while other end
attached to pin 8 cm from fulcrum. The coefficient of friction 0.25.
The effort applied at the end of lever is 500 N. Find braking torque
applied if drum rotates anticlockwise and acts downwards.

Answer:
d= o4m A=o2m, lzoam, u=0.2xs
8= % r360® = 225 = 3.92 vad b= 008m
Q 6b ) we dave, 8 M
T e (15X BB -5
b= o= 2 = 268 -----(D
T'J-

Braking Toque
To= CTi-Te)ni
Taling memenl, abaul
Pxl= Tark
B0t w 0r4p = Top 0:08
< Taz 2800 N

& Ti= 6gsa N Anticlockwise rotation of drum.

2o, Ta = C€656—2508) %02

= @306 N-m

Question:

An engine of a car has a single plate clutch developed maximum
torque 147 N-m. External diameter of clutch plate is 1.2 times its
internal diameter. Determine the dimension of clutch plate and axial
force provided by the spring. The maximum pressure intensity of the
clutch facing 98 kN/m2 and coefficient of friction is 0.3. Assume
uniform wear condition.

Answer: _ ) )
Mazr. Torque T= |4% N-em | nz o2
de = .z d, , A=0-3 Pm'-’_‘ 'El’svrisl\lim’-
oniform weor cad i ben
Mean vad., R= 2+ _— fox Yaur¥a
2= B
= fr\ o .
Q6¢c) 8 view
T = MaatwWR = 2 xo-3 aWx lsiYy
c W= 222.F Ta -- ~—-- D
Alse, p.¥y =C . C=98% %0 Ta ———@

Bulk W= amme (T =¥a)

2227 Ya= 2T xgaxis o (1+272—T2)

222-7 = 23088 Ta
- r_z:: -8
& T = rantv8= 2-(

W= 222-7 ¥ U8 %x8°
o-Ho N

_—
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Question:

Two parallel shafts whose centre line are 4.8 m apart, are connected
by open belt drive. The diameter of larger pulley is 1.5 m and that of
smaller pulley 1 m. The initial tension in the belt when stationary is 3
kN. The mass of the belt is 1.5 kg/m length. The coefficient of friction
between the belt and pulley is 0.3 Taking centrifugal tension into
account, calculate the power transmitted when the smaller pulley
rotates at 400 rpm.

Answer:
We know that velocity of the belt,
S Ed Ny mx1xd00 o
60 &0
and centrifugal tensaon, Tc-ml-‘-l.sﬂl]"'ﬁﬁliN
Let T, = Tension in the tight suide, and

T, = Tension in the slack side
We kmow that mitial tension (T,).

L+5+2 G+ T+2x66L5

}Dm- 2 i
Q 5 C ) %&mwh";:;lr:-300012-1-6615-46?'.'11 AN 8 VieW
%m(::%:ﬂ:—:ﬁ-:%=ﬂﬂﬂl or m=3°
. Angle of lap on the smaller pulley, i )
O= 180° -2 @ = 180° -2 x 3% = | 74°
= ]74% = x /180 =304 md
We know that
23105[%]:9 B=03x304 =0912
bg[jl}]_ % = 0.3965 or %_ 2.5 (i)
(Taking antilog of 0.3965)
From equations (i) and (i),
T,=3341N; and T,=1336N
Power transmatted,
P =(T;-T,)v=(3341-1336) 21 =42 100 W= 42.1 EW Ans.
Question:
In a simple band brake, the band acts on the 3/4th of circumference
of a drum of 450 mm diameter which is keyed to the shaft. The band
brake provides a braking torque of 225 N.m. One end of the band is
attached to a fulcrum pin of the lever and the other end to a pin 100
mm from the fulcrum. It the operating force is applied at 500 mm
from the fulcrum and the coefficient of friction is 0.25, find the
operating force when the drum rotates in the
(i) anticlockwise direction and
ii) clockwise direction
Answer:
Q 6b ) We know that braking torque (Tg), 8 view

25=(T,-T,)r=(T,-T;) 0.225
I, -Ty=225/0225=1000 N (if)
From equations (1) and (i), we have
Ti=1444N, and T,=4M4N
Now talang moments about the fulcrum O, we have
P=i=T,.b or P=05=414=01=444
FP=444/05=888N Ans.

(b) Operating force when drum rotates in clockwise direction

When the drum rotates wn clockwise direction, as shown m Fig (a), then talang mo-
ments about the fulcrum O, we have
Px[=T, b or Px05=1444=01=1444
P=1444/05=2888N Ans.
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Question:

A single plate clutch with both sides effective has outer and inner
diameters 300 mm and 200 mm respectively. The maximum intensity
of pressure at any point in the contact surface is not to exceed 0.1
N/mma2. If the coefficient of friction is 0.3, determine the power
transmitted by a clutch at a speed of 2500 rpm. Assume uniform
condition.

Answer:

Single Plate Clutch:

Since the wtensity of pressure ( p) 15 maxum at the moer radus (ry). therefore for uniform
wear,

Q6¢c) pr,=C o C=01x100=10N/mm 8 view
We kmow that the axial thrust,
W=2nC(r-r)=2xx=10(150-100)=3142N
and mean radmus of the friction surfaces for uniform wear,
R-AZE 10010 o5 - 0.125m

We know that torque transmitted,
TenpWR=2x03x 3142 x0.125 = 235.65 N-m
(¢ m = 1for both sides of plate effective)
.. Power transmutted by a clutch.
P=T.w=13565 = 261.8=61 693 W= 61.693 kW Ans.
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