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CLUTCHES AND BRAKES  
Clutches:  

A Clutch is a mechanical device which is used to connect or disconnect the source of power 
from the remaining parts so the power transmission system at the will of the operator.  The 
flow of mechanical power is controlled by the clutch. 
 
Types of Clutches 

(i)  Positive Clutches   (ii) Friction clutches 
 

Positive Clutches: In this type of clutch, the engaging clutch surfaces interlock to produce 
rigid joint they are suitable for situations requiring simple and rapid disconnection, although 
they must be connected while shafts are stationery and unloaded, the engaging surfaces are 
usually of jaw type. The jaws may be square jaw type or spiral jaw type. They are designed 
empirically by considering compressive strength of the material used. 

The merits of the positive clutches are  

. (i)  Simple     (ii) No slip   (iii) No heat generated compact and low cost. 

 

 

 

 

 

 

 

 

Friction Clutches:  Friction Clutches work on the basis of the frictional forces developed 
between the two or more surfaces in contact.  Friction clutches are usually – over the jaw 
clutches due to their better performance. There is a slip in friction clutch. The merits are  

(i) They friction surfaces can slip during engagement which enables the driver to 
pickup and accelerate the load with minimum shock. 

(ii)  They can be used at high engagement speeds since they do not have jaw or teeth 

(iii)  Smooth engagement due to the gradual increase in normal force. 

 

The major types of friction clutches are 

(i)  Plate clutch    (Single plate) (multiple plate) 

(ii)  Cone clutch 

(iii)  Centrifugal clutch  

(iv)   Dry  

(v) Magnetic current clutches 

(vi) Eddy current clutches 

  

Square-jaw clutch Spiral-jaw clutch 
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We will be studying about single plate multi-plate and cone clutches. 

Single plate clutch:  

A single plate friction clutch consisting of two flanges shown in fig 2. One flange is rigidly 
keyed in to the driving shaft, while the other is free to move along the driven shaft due to 
spliced connection.  The actuating force is provided by a spring, which forces the driven 
flange to move towards the driving flange.  The face of the drive flange is linked with friction 
material such as cork, leather or ferodo 

  

 

 

 

 

 

 

 

 

Torque transmitted by plate or disc clutch 

 

 

 

 

 

 

 

 

 

A friction disk of a single plate clutch is shown in above fig 

 

The following notations are used in the derivation 

Do = Outer diameter of friction disc (mm) 

Di = Inna diameter of friction disc (mm) 

P = pressure of intensity N/mm2    

F = Total operating force (N) (Axial force) 

T = torque transmitted by friction (N-mm) 

Consider an elemental ring of radius r and radial thickness dr  

Area of elemental length = 2pr. dr 

   Axial force length = 2pr r. P 
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(m or f) friction  force = 2pr. drp m 

Friction torque = 2pr dr Pm * r 

Total axial force Fa = �=
/2D

/2Da

0

i

drpr2�F   ------------ (1) 

 

Torque Transmitted by friction T =  �
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2
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2
D

D

pdrr mp ------------ (2) 

 

There are two criteria to obtain the torque capacity – uniform pressure and uniform wear 

1. Uniform pressure Theory:  

In case of new clutches, un playing assumed to be uniformly distributed over the entire 
surface area of the friction disc.  With this assumption, P is regarded as constant. 

 Equation – 1 becomes 
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From Equation -2 
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Substituting the value of p from equation 3 
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Torque transmitted by n- friction surfaces 

         T = 
2

1 FaDmn m
 

 

Axial force =   ( ) ( )22
0

2
1

2
2 4 iDDPRRP -=-

p
p  

 
Uniform Wear Theory:     
According to this theory, it is assumed that the wear is uniformly distributed over the entire 
surface --- of the friction disc.  This assumption is used for workout clutches. The axial wear 
of the friction disc is import ional to the frictional work. The work done by the frictional force 
(m P) and subbing velocity (2prN) where ‘N’ is speed in rpm.  Assuming speed N and 
coefficient of friction ‘m’ is constant for given configuration  
 
        Wear µ  Pr 
  Pr = constant C 
When clutch plate is new and rigid. The wear at the outer radius will be more, which will 
release the pressure at the outer edge due to the rigid pressure plate this will change the 
pressure distribution.  During running condition, the pressure distribution is adjusted in such a 
manner that the product pressure is constant, C. 
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 From equation  - (1) 
 

 Axial force Fa  = �
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 From equation  - (2)  
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Substitute the value of C from equation – (7) 
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 Where Dm = 
2

10 DD +
 - (9) 

 
Torque transmitted by “n” friction plates 
 

 T = 
2

1 DmFan m
 

 
 Axial force Fa =  
 
 Average pressure occurs at mean radius )2/( mm Dr =�  
 

  \   Fa = 
2

)( 10 DDDmb -p
  - (10) 

 
Maximum pressure occurs at inner radius 
 

\   Fa = )(
2 0 i

i DD
Dp

-
p

  - (11) 

 
 

Note:  The major portion of the life of friction lining comes under the uniform wear friction 
lining comes under the uniform wear criterion in design of clutches uniform wear 
theory is justified. 

 
Problems:  
 

1. A single plate friction clutch of both sides effective has 300 mm outer diameter and 
160 mm inner diameter.  The coefficient of friction o.2 and it runs at 1000 rpm.  Find 
the power transmitted for uniform wear and uniform pressure distributions cases if 
allowable maximum pressure is 0.08 Mpa. 

 
Given: 
 

N1 = I = 2, D0 = 300 mm D1 = 160mm m = 0.2 
 
N = 1000 rpm  p = 0.08 Mpa = 0.08 N /mm2 
 

Solution: 
i. Uniform wear theory 

 

 Mean Diameter mm
DD

Dm 230
2

160300
2

10 =
+

=
-

=  

 
 Axial Force  

  Fa = )(
2
1

101 DDDb -p  

  From DDH 13.32    or Equation - (11) 
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\  Fa = )160300(16008.0
2
1

-´´p  

 
= 2814.87 N 

 
 Torque transmitted 
 

   T = DmFan1

2
1

m  

 

   T = 23087.281422.0
2
1

´´´  

 
   T = 129484  N – mm 
 
 Power transmitted 
 

   P = 61060
2

´
TMp

 

 

   P = =
´

´´
61060
12948410002p

 

 
   P = 13.56  kW 
 

ii. Uniform wear theory 
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   Dm = 237.1 mm 

 

Axial Force  Fa = 
4

)( 2
1

2
0 DDp -p

 

 

Fa = 
4

)160300(08.0 22 -p
 

 
Fa = 4046.4 N 
 

Torque transmitted 
 

   T = DmFan m
2
11  
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   T = 1.2374.40462.0
2
1

2 ´´  

 
   T = 191880.3  N – mm 
 
 Power transmitted 
 

   P = 61060
2

´
Tnp

 

 

   P = =
´

´´´
61060

3.19188010002 p
 

 
   P = 20.1  kW 
 

 
2. A car engine develops maximum power of 15 kW at 1000 rpm.  The clutch used is 

single plate clutch both side effective having external diameter 1.25 times internal 
diameter m = 0.3. Mean axial pressure is not to exceed 0.085 N/ mm2.  Determine the 
dimension of the friction surface and the force necessary to engage the plates.  Assume 
uniform pressure condition. 

 
Given p = 15 kW, n – 1000rpm, I =2 both sides are effective D0 = 1.25 D1, m = 0.3,  
              p = 0.085 N/mm2 
 
Torque transmitted 

 

   P = 61060
2

´
Tnp

 

 

   T = 
n

P
p2

1060 6´´
 

 

   T = 
10002

106015 6

p
´´

 

 
mmN -= 239.143
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Mean Diameter Dm 
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Axial Force  Fa = )(
4

22
0 iDDp -

p
 

 

Fa = )25.1(085.0
4

22
ii DD -

p
 

 
Fa = 0037552 2

iD  

 

Torque transmitted T = DmFai m
2
1

 

 

   143239 = ii DD 13.1037552.03.0
2
1

2 2 ´´´´  

 

 \  Di = 224 mm 
 
  D0 = 280 mm 
 

Dm = 253 mm 
 
Fa = 1884.21 N 
 

  Thickness of disc h = 2 mm 
 

3. Design a single plate clutch consist of two pairs of contacting surfaces for a torque 
capacity of 200 N-m.  Due to space limitation the outside diameter of the clutch is to 
be 250mm 

 
Given: 
Single plate clutch, Torque = 2 x 105 N-mm, D0 = 250mm I = 2 (since two pairs of 
contacting surfaces) 
 
Solution: 
 
 Assume suitable friction material – leather m = 0.3 to 0.5  P = varies from 0.07 to  
0.29 Mpa select m = 0.4,  P = 0.135 Mpa – N /mm2 
 
1. Torque transmitted= 2 x 105 N-mm 
 
2. Mean diameter 

 
Assuming uniform wear theory 
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2

250
2

0 +
=

+
= ii

m

DDD
D  

   
3. Axial force : 

 
For uniform, wear condition 
 

 Fa = =- )(
2
1

iii DDDpp  

 

   = )250(135.0
2
1

ii DD -´p  

 
   = 0.212 Di (250 – Di) 
 
Torque transmitted 
 

  T = iDFa mm
2
1

 

 

  i.e 2)250(
2
1

)250(212.04.0
2
1

102 5 ´+=-´=´ iii DDD  

 
   = 62500 D1- 0132.47169813

1 =-D  
 
   By trial and error method  
  
 Inner dia Di  = 85.46 mm is 86 mm 
 
 Outer dia D0  = 250 mm given, mean m = dia of friction surface 
 
   Dm = 168 mm 
 
  Fa = 0.212 x 86  (250 – 86) = 2990 N 
 
 
Multiple plate clutch 

Fig. shows a multiple plate clutch. The driving 
discs are splined to the driving shaft so that they 
are free to slip along the shaft but must rotate 
with it. The driven discs drive the housing by 
means of bolts along which they are free to slide. 
The housing is keyed to the driven shaft by a 
sunk key. In the clutch shown there are five pairs 
of friction surfaces. The driving discs may be 
pressed against the driven discs by a suitable 
mechanism so that the torque may be transmitted 
by friction between the discs. 
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Multi disc Clutch: 
 
Equations derived for torque transmitting velocity of single plate are modified to account for 
the number of pairs of contacting surfaces in the following way. 
 

For uniform pressure T = =DmFai 12
1

m  

)(
4

22
2 iDDp -

p
 

  
Uniform wear T = )( 22

0 iDD -  
 
Where I = number of pairs of contacting surfaces. 
 
For uniform pressure theory  

 T = DmFai 12
1

m  

 

 Dm = 
)(
)(

3
2

22
0

33
0

i

i

DD
DD

-
-

 

 

 Fa = )(
4

22
0 iDDp -

p
 

 
Where I = number of friction surfaces 
 
Uniform wear theory  
 

 T = DmFai 12
1

m  

 

Dm = 
2

)( 2 iDD +
 

 

 Fa = )(
2
1

0 im DDDb -p  

 
Maximum pressure occurs at inner radius 
 

 Fa = )(
2
1

011 iDDDp -p  

 
Problem: A multi plate clutch having effective diameter 250mm and 150mm has to transmit 
60 kW at 1200 rpm.  The end thrust is 4.5 kN and coefficient of friction is 0.08 calculate the 
number of plates easuming  (i) Uniform wear and (ii) uniform pressure distribution on the 
plates  
 
Given: D0 = 250 mm Di = 150mm, P = 60 kW, N = 1200 rpm, Fa = 4.5 kN = 4500N, m = 0.08 
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  P = 61060
2

´
NTp

 

 

 Torque T = mmN
P

-=
´´

477500
12002

1060 6

p
 

 
(i) Uniform wear theory 

 

  Mean diameter Dm = mm
DD i 200

2
150250

2
0 =

+
=

+
 

 

   T = DmFai 12
1

m  

 

 477500 =  200450008.0
2
1

´´i  

 
\   Number of friction plates, I = 13.26 @ 1.4 (even numbers) 
 
Total number of plates i + 1 =   14 + 1 = 15 

 
Uniform pressure 
 

  Dm = 
)(
)(

3
2

22
0

33
0

i

i

DD
DD

-
-

= 204.17 mm 

 

T = DmFai ´´´ m
2
1

 

 

477500 =  17.20408.04500
2
1

´´´i  

 
 \  i = 12.99 @  14 (even number) 
 
  Total number of plates = 14 + 1 = 15  
 
Problem 4:  
 
A multi plate clutch of alternate bronze and steel plates is to transmit 6 kW power at 800 rpm.  
The inner radius is 38 mm and outer radius is 70 mm.  The coefficient of friction is 0.1 and 
maximum allowable pressure is 350 kN /m2 determine 
 

(i) Axial force required  
(ii)  Total number of discs 
(iii)  Average pressure and 
(iv) Actual maximum pressure 
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Given: P = 60 kW, N = 800 rpm, R1 = 38mm, Di= 76 mm R0 = 70, D0 = 140mm, m = 0.1,  
 P = 350 kN / m2 = 0.35 N / mm2 

 

1. Axial force 
 

 Fa = )(
2
1

1011 DDDp -p - (13.32 DDH) 

Fa = )76140(7635.0
2
1

-´p  

= 2674.12 N 
Torque to be transmitted 
 

 P = 61060
2

´
NTp

 

 

T = mmN
N

P
-=

´´
´´

=
´´

71625
8002
10606

2
1060 66

pp
 

 
Assuming uniform wear theory 
 

Mean Diameter  Dm = mm
DD

108
2

76140
2

)( 12 =
+

=
+

 

 

 Torque transmitted  T = DmFai 12
1

m  

 

    10812.26741.0
2
1

71625 ´´´= n  

 
   n = 4.96 @  6 (even number)  
 

Number of driving (steel) discs = 3
2
6

21 ===
n

n  

 
Number of driven (bronze) discs n2 
 
    = n1 + 1 = 3 + 1 = 4 
 
3.  Average pressure occurs at mean diameter  
 

     Axial force Fa = )(
2
1

01 im DDDp -p  

 

  2674.12 = )76140(108
2
1

1 -pp - 

 

\  Average pressure p = 0.246 N/ mm2  
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4. For 6 friction surface, torque transmitted  
 

 T = DmFai 12
1

m  

 

71625 = 1081.0
2
1

6 1 ´Fa - 

 

\  Fa = 2210.6 N 
 
 Maximum pressure occur at inner radius 
 

     Axial force = )(
2
1

011 iDDDp -p  

 

  2210.6 = )76140(76
2
1

1 -pp - 

 

\  Actual maximum  pressure P = 0.289 N/ mm2  
 
 
Problem 5:  
In a maultilate clutch radial width of the friction material is to be 0.2 of maximum radius.  
The coefficient of friction is 0.25.  The clutch is 60KW at 3000 rpm.  Its maximum diameter 
is 250mm and the axial force is limited is to 600N.  Determine (i) Number of driving and 
driven plates (ii) mean unit pressure on each contact surface assume uniform wear 

 
Given:   Radial width = 0.2 Ro,  m = 0.25,  P = 60KW,  N = 3000rpm,   D0  = 250mm,   
\ Ro = 125mm,   Fa = 600N uniform wear condition.  

 
           Solution b = Ro- Ri 
                         0.2 Ro =Ri 
    Ri= 0.8 Ro = 0.8x 125 = 100mm 
                         \  Inner diameter 2x100 = 200mm 
 
i)  Number of disc  

Torque transmitted T =    
N

P
p2

1060 6´´
 

                 mmN.191000
30002

106060 6

=
´´

p
 

 
For uniform wear condition 

Mean diameter ( ) ( ) mmDDD iom 225200250
2
1

)
2
1

=+=+=  

Torque Transmitted 
 

   FaDmnT m
2
1

=  
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         225600,25.0
2
1

19100 ´´= n  

                                        i.e  n = 11.32 
 
Number of active surfaces n =12 (\ n must be even number) 

          
Number of disc on the driver shaft 

    
6

2
12

21 ===
n

n
 

        Number disc on the driven shaft 
 

         
71

2
12

1
21 =+=+=
n

n
 

      \  Total number of plates : n1 + n2 = 617 = 13 
 
ii) Mean unit pressure 

Fa ( )iom DDDp -= p
2
1

 

( )200250225
2
1

600 -= pp  

 
 \  P = 0.34 N/ mm2 

 
iii) for actual mean unit pressure  
         Actual axial force 

              Fa
mDn

T
m

2
=    n

mDfaT m
2
1

=\  

 

/926.565
2251225.0

1910002
Np=

´´
´

= \ 

 

( )200250225
2
1

926.565 -= mPDp  

Actual mean unit pressure P = 2/032.0 mmN  
 

A Multiple plate clutch has steel on bronze is to transmit 8 KW at 1440 rpm. The inner 
diameter of the contact is 80mm and outer diameter of contact is140 mm.  The clutch operates 
in oil with coefficient of friction of 0.1. The overage allowable pressure is 0.35Mpa. Assume 
uniform wear theory and determine the following. 
 

a) Number of steel and bronze plates   
b) Axial force required  
c) Actual maximum pressure  

 
Given P = 8KW, N = 1440 rpm, D1 = 80mm, Do = 140mm,  m = 0.1, P = 0.35 N / mm2  

 Uniform Wear Theory. 
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Solution:  
1)  Number of steel and bronze plates 

                   For uniform wear theory 

Axial force    Fa = ( )io DDp -p
2
1

 

   ( )801408035.0
2
1

-= p  

                         Fa = Nm9.2638  

Mean diameter ( ) ( ) mmDDDm i 11080140
2
1

2
1

2 =+=+=  

Torque transmitted T = 
N

P
p2

1060 6´´  

    T = mmN -=
-

´´
556.53055

14402
10608 6

p
 

                         Also T = FaDmnm
2
1

 

                       n´´´= 11094.2638
2
1

556.53055  

 
                                     655.3=\ n  
 
   No. of Active surface is 4  
  Number discs on the driver shaft (Bronze)  

                         2
2
4

21 ===
n

n  

 
Number disc on the driven shaft (Steel) 

                          31
2
4

1
22 =+=+=
n

n  

 
Total No. of disc  53221 =+=nn  

 
b) Axial force required 
 

             62.2411
110041.0
552.5305522

=
´

´
==

mDn
T

Fa
m

 

 
c) Actual maximum pressure since maximum presser occur at inner diameter  
 

Fa = ( )12
1

ioi DDDP -p  

( )8014080.
2
1

62.2411 -= P  

 
\  P = 2/32.0 mmN  
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Cone clutch 
A simple form of a cone clutch is shown in fig. it 

consists of ;i driver or cup and the follower or cone. 
The cup is keyed to the driving shaft by a sunk key and 
has an inside conical surface or face which exactly fits 
the outside conical surface of the cone. The slope of the 
cone face is made small enough to give a high normal 
force. The cone is fitted to the driven shaft by a feather 
key. The follower may be shifted along the shaft by a 
forked shifting lever in order to engage the clutch by 
bringing the two conical surfaces in contact. 
Advantages and disadvantages of cone clutch: 
Advantages: 

1. This clutch is simple in design. 

2. Less axial force is required to engage the clutch. 
Disadvantages : 

 

1. There is a tendency to grab. 
2. There is some reluctance in disengagement. 

Strict requirements made to the co-axiality of the shafts being connected 
 
Torque transmitted by the cone clutch:- 
 
Let  Di = Inner diameter of cone,                        Ri = inner radius of cone, 

Do = Outer diameter of cone,                                   Ro = Outer radius of cone, 
Rm = mean radius of cone,                         Dm = mean diameter of cone, 
µ  = Semi cone angle or pitch cone angle or face angle,   
P = Intensity of normal pressure at contact surface,           
m = Coefficient of   friction, 
Fa = Axial force 

Fn=Normal force = 
asin

Fa
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• 
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Consider an elemental ring of radius ‘r’ and thickness ‘dr’ as shown in the figure 
 

              The sloping length 
asin

dr
=  

 

              Area of elementary ring   
a

p
sin

2
dr

r=  

  Normal force on the ring  
a

p
sin

2
dr

rP=  

            Axial component of the above force a
a

p
Sin

Sin
drrp

´
.2

 

 
drprp2=  

Total axial force Fa = drpr
Ro

Ri
p2�              ------------  (1) 

                     

Frictional force outer ring
a

pm
Sin

dr
rp 2=  

 
Moment of friction force about the axial 
 

                 r
Sin

dr
rP ´=

a
pm 2  

               
a

mp
Sin

dr
rp 22=  

 

Total torque T =
a

mp
Sin

drRo

Ri

2Pr2�  ---------- (2) 

 
 
Uniform pressure theory: p constant 
 
Equation (1) becomes 
 

         Fa = rdpdrpr
Ro

Ri

Ro

Ri �� = pp 22  

 
Fa = ( )22

io RRP -p  
 

       p = ( )22
io RR

Fa
-p

   ----------  (3) 

 
Equation 2 becomes 

 

T = ( ) �� =-
Ro

Ri
io

Ro

Ri

drr
Sin

P
Sin
dr

rRrp 2222 2
2

a
mp

a
mp   



 19

 

T =
3

2 33
ia RR

Sin
p -

=
a

mp
 

 
Substitutes the value of P from equation  ----------  (3) 
 
 

T = ( ) 3
2 33

2
1

2
ia

o

RR
RR

Fa
Sin

P -
´

-
=

pa
mp

 

 

T = ( ) ( )22

33

2
1

23
2

io

ia

o RR
RR

RR
Fa

Sin
Fa

-
-

´
-

=
pa

p
 

 

T = Dm
Sin

Fa
DD

DD

Sin
Fa

ioo

io .
23

2
2
2

22

33

a
m

a
p

=�
�
	



�
�
�




-

-
´´   ---------- (4)           

 

Where          �
�
	



�
�
�




-

-
=

22

33

3
2

ioo

io

DD

DD
mD            

 
Axial force ( )22

io DDPFa -= p   ----------        (5) 
 

Uniform wear: For uniform wear condition   Pr = C Constant 
 

Equation (1) become    Fa = rdPrdrP
Ro

Ri

Ro

Ri �� = pp 22  

 
                                       Fa = ( )io RRc -p2    or 
 

                              ( )io RR
Fa

C
-

=
p2

 

 
Equation (2) become       
 

      T = �� =
Ro

Ri

Ro

Ri

rdr
Sin

C
Sin
dr

rP
a

mp
a

mp
2

2 2  

 

       T =
( )

2
2 22

ia RR
Sin

c -
=

a
mp

 

 
Substitute for C 
 

T =
( )

( )io

ia

RR
Fa

Sin
RR

-
´

-
pa

mp
2

2 22
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( )
a

m
a

m
Sin

mDDD
Sin

io

2
Fa

.
22

Fa +
´=  

 

Where Dm = Mean diameter          
2

io DD
Dm

+
=  

 
If the clutch is engaged when one member is stationary and other rotating, then the cone faces 
will tend to slide on each other in the direction of an element of the cone. This will resist the 
engagement and then force  
 
          Axial load           ( )aa cosFaFa += Sini  
 

                Force width              
aSin
DD

b io

2
-

=   

 
                Outer diameter       aSinbDmDo +=  
 
                Inner diameter          aSinbDmDi -=  
 
Problem: 
A cone clutch is to transmit 7.5 KW at 600 rpm.  The face width is 50mm, mean diameter is 
300mm and the face angle 15°. Assuming co efficient of friction as 0.2, determine the axial 
force necessary to hold the clutch parts together and the normal pressure on the cone surface. 

 
Given             P =   7.5 KW, N = 600 rpm,        b = 50mm, 
                      Dm = 300mm,          µ  = 15° m = 0.2 
                 
Solution: 

                  mmN
N

P
-=

¸´
=

´´
= 119375

6002
10605.7

2
1060

T
66

pp
 

 

 Torque transmitted   
a

m
Sin

Dm
2

Fa
T =  

 
 

                    
152
300Fa2.0

119375
Sin

´
=  

 
              NFa 88.1029=\  
Also ap SinPbDm=Fa  ----------   Equation 13.37 DDH 
 

1550P30088.1029 Sin´´= p  
 
                        2/0844.0P mmN=  
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A friction cone clutch has to transmit a torque of 200 N-m at 1440 rpm.  The longer diameter 
of the cone is 350mm.  The cone pitch angle is 6.25°the force width is 65mm. the coefficient 
of friction is 0.2.  Determine i) the axial force required to transmit the torque.  ii) The average 
normal pressure on the contact surface when maximum torque is transmitted. 
 
Data               T = 200 N-m,   2 ´ 105 N-mm N = 1440 rpm 
                       Do = 350,         µ  = 6.25°   b = 65mm, m = 0.2     
 
Solution  

I) Axial force 
 
              Outer diameter aSinbDD mo +=  
 
                                   25.665350 SinDm +=  
  
                                    mmDm 92.342=\  
 

Torque transmitted          
a

m
Sin

DmFa
2
1

T =  

 

25.6
Fa2.0

2
1

102 5

Sin
Dm´

´=´  

 
\  Axial force required N934.634Fa =  
 

ii) Average normal pressure 
 

ap SinPbDm=Fa  
 

P25.66592.342.934.634 °´= Sinp  
 

                                           \ Average Normal pressure 
 
                                         2/0833.0P mmN=  
 
An engine developing 30 KW at 1250 rpm is filted with a cone clutch.  The cone face 
angle of 12.5°.  The mean diameter is 400 rpm m = 0.3 and the normal pressure is not to 
exceed 0.08 N / mm2. Design the clutch 
 
Date: P = 30KW,  N = 1250 rpm, µ  = 12.5°,   Dm = 400mm,  m = 0.3,  P = 0.08 N/ mm2   
 
Solution 
         
 i) Torque transmitted 
                  

                                      
12502

106030
2

1060
T

66

pp
´´

=
´

=
N

p
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                     mmN -= 229200T  
ii) Axial force Fa 
 

   
5.12
4003.0

2
1

,229200
2
1

T
Sin

Fa
Sin

DFa m ´
´=

a
m

   

 
                                       Fa= 826.8   N 
 
Dimensions 
                   ap SinPbDm=Fa  
   
                   5.1208.0400.8.826 Sinb´´´´= p  

                   mmb 38=  
Inner diameter mmSinSinbDD mm 3925.1238400 =-=-= a  
 

      Outer diameter mmSinSinbDD mm 4085.1238400 =+=+= a  
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BRAKES 
A brake is defined as a machine element used to control the motion by absorbing kinetic energy 
of a moving body or by absorbing potential energy of the objects being lowered by hoists, 
elevators, etc. The obsorbed energy appears as heat energy which should be transferred to cooling 
fluid such as water or surrounding air. The difference between a clutch and a brake is that whereas 
in the former both the members to be engaged are in motion, the brake connects a moving member to 
a stationary member. 
 
Block or shoe brake 

A single-block brake is shown in fig. It consists of a short shoe which may be rigidly mounted 
or pivoted to a lever. The block is pressed against the rotating wheel by an effort Fat one end of the 
lever. The other end of the lever is pivoted on a fixed fulcrum O. The friclional force produced by 
the block on the wheel will retard the rotation of the wheel. This type of brake is commonly used in 
railway trains. When the brake is applied, the lever with the block can be considered as a free body 
in equilibrium under the action of the following forces. 
 

1. Applied force F at the end of the lever. 
2. Normal reaction Fn between the shoe and the wheel. 
3. Frictional or tangential braking force Fq between the shoe and the wheel. 
4. Pin reaction. 

 
 Let      F = Operating force  
    M1 = Torque on the wheel 

 r = Radius of the wheel  
                                      2q = Angle of contact surface of the block 

   m = Coefficient of friction 

  Fq = Tangential braking force = 
r

M t  

  Fn = Normal force = 
m

qF
 

  a = Distance between the fulcrum pin and the center of the shoe  
  b = Distance between the center of the shoe to the end of lever where the 

effort is applied 
c = Distance between the fulcrum pin and the line of action of Fg  

 

Consider the following three cases; 
 
 
(i) Line of action of tangential force F0 passes through fulcrum 
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Taking moments about O, 
 

   a
F

aFbaF n m
q==+ )(     �

�

�
�
�

�
m

qF
Fn�  

 

 \ Actuating force 
)( ba

aF
F

+
=

m
q  

 
In this case the actuating force is the same whether the direction of tangential force is towards or 
away from the fulcrum. 
 
(ii) Line of action of tangential force Fq  is in between the center of the drum and the fulcrum 

(a) Direction of Fq is towards the fulcurm : 
 
 
 
 
 
 
 
 
 
 
 
 
Taking moments about O, 

aFcFbaF nn ==+ )(  
 

cF
aF

cFaFbaF n q
q

q m
-=-=+ )(     �

�

�
�
�

�
m

qF
Fn�  

 

\ Actuating force �
�

�
�
�

�
-

+
=

a
c

ba
aF

F
m

q 1
)(

 

 
 

(b) Direction of Fq is away from the fulcrum : 
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Taking moments about O, 

cFa
F

cFaFbaF n q
q

q m
+=-=+ )(     �

�

�
�
�

�
m

qF
Fn�  

 

\ Actuating force �
�

�
�
�

�
-

+
=

a
c

ba
aF

F
m

q 1
)(

 

 
(iii) Line of action of tangential force Fq is above the center of the drum and the fulcrum: 
 

(a) Direction of Fq is towards the fulcrum : 
 
 
 
 
 
 
 
 
 
 
 
Taking moments about O, 

cF
aF

cFaFbaF n q
q

q m
+=-=+ )(     �

�

�
�
�

�
m

qF
Fn�  

 

\ Actuating force �
�

�
�
�

�
-

+
=

a
c

ba
aF

F
m

q 1
)(

 

 
(b) Direction of Fq is away from the fulcrum : 

 
 
 
 
 
 
 
 
 
 
Taking moments about O, 

a
aF

aFcFbaF
m
q

qq ==++ )(     �
�

�
�
�

�
m

qF
Fn�  

 

cF
aF

baF q
q

m
-=+ )(  

\ Actuating force �
�

�
�
�

�
-

+
=

a
c

ba
aF

F
m

q 1
)(
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Note:   If the direction of F0 is towards the fulcrum, use the clockwise rotation formula and if 

the direction of F& is away from the fulcrum, use counter clockwise formula from the 
data handbook. 

 
When the angle of contact between the block and the wheel is less than 60°, we assume that the 
normal pressure is uniform between them. But when the angle of contact 2q is more than 60°, 
we assume that the unit pressure normal to the surface of contact is less at the ends than at the 
center and the wear in the direction of applied force is uniform. In such case we employ the 
equivalent coefficient of friction m', which is given by. 
 
 

Equivalent coefficient of friction 
qq

q
mm

2sin2
sin41

+
´=  

 
Where    m = Actual coefficient of friction  
 
   q = Semi block angle 
 

For the given value of q. The value of 
qq

q
2sin2

sin4
+

 can be found by using the chart given in  

 
The brake is self -energizing when the friction force helps to apply the brake. If this effect is 
great enough to apply the brake with zero external force, the brake is called self-locking i.e., 
the brake is self locking when the applied force F is zero or negative. 
 

Normal pressure on the shoe p
qsin2Pr wr

F
shoeofareaojected

loadNormal
P n==  

 
 

Where  w = Width of the shoe 
 
Example: The block type hand brake shown in fig. 3.1 la has a face width of 45 mm. The friction 
material permits a maximum pressure of 0.6 MPa and a coefficient of friction of 0.24. Determine; 
1. Effort F, 2. Maximum torque, 3. Heat generated if the speed of the drum is 100 rpm and the 
brake is applied for 5 sec. at full capacity to bring the shaft to stop. 
 
 
 
 
 
 
 
 
 
 
 
 
Data:   w = 45 mm,   p = 0.6 MPa = 0.6 N/mm2,   m = 0.24, 2q = 90°,   q = 45e,   d = 300 mm, 
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r = 150 mm,  n = 100 rpm  
 

Solution: 
 

Since 2q > 60°, equivalent coefficient of friction 
qq

q
mm

2sin2
sin41

+
´=  

 

264.0
90sin

180
90

45sin4
24.0 =

+
´

´=
p

 

 

Allowable pressure 
qsin2wr

F
p n=  

 

   i.e., 
45sin150452

6.0
´´

= nF
 

\ Normal force    Fn = 5727.56 N 
 
Tangential force     Fq = m' Fn = 0.264 x 5727.56 = 1512.1 N  
The various forces acting on the shoe are shown in fig. 3.11b.  
From the figure, a = 200 mm, b = 300 mm, c = 0  
The tangential force Fq, passes through the fulcurm. 
 

\ Effort  
)(' ba

aF
F

+
=

m
q  

 

  N1.2291
)300200(264.0

2001.1512
=

+
´

=  

 
Torque on the drum M1 = Fq  r = 1512.1 x 150 = 226815 N-mm = 226.815 N-m  
 

Power absorbed   sec/375.2375.2
9550

100815.226
9550

1 kJkW
nM

N ==
´

==  

 
Heat generated during 5 sec = 5 x 2.375 = 11.875 kJ 
 

Example:  

A 400 mm radius brake drum contacts a single shoe as shown in fjg.3.12a, and sustains 200 N-m 
torque at 500 rpm. For a coefficient of friction 0.25, determine: 
 

1. Normal force on the shoe. 
2. Required force F to apply the brake for clockwise rotation. 
3. Required force F to apply the brake for counter clockwise rotation. 
4. The dimension c required to make the brake self-locking, assuming the other dimensions 

remains the same. 
5. Heat generated. 
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Data;   r = 400 mm,     M1- 200          N-m = 200  x 103  N-mm,       n = 500 rpm,   m=0.25,    

a = 350 mm,     i = 1000 mm,         b = l - a = 1000 - 350 = 650 mm,       c = 40 mm 
 

Solution: 
 

Tangential friction force  N
r

M
F 500

400
10200 3

1 =
´

==q  

 

Normal force on the  N
F

F 2000
25.0

500
===

m
q

q  

 
From the figure, the tangential force Fq lies between the fulcrum and the center of drum.. When the 
force Fq acts towards the fulcrum (clockwise rotation),  
 
 

Actuating force �
�

�
�
�

�
-

+
=

a
c

ba

aF
F

mq
10

 

 

           N680
350
40

25.0
1

650350
350500

=��

�
��

� -=
+
´

=  

 
For anticlockwise rotation of the drum, the tangential force Fs acts away from the fulcrum as 
shown in figure. 
 

\ Actuating force     �
�

�
�
�

�
+

+
=

a
c

ba

aF
F

mq
10

 

 
 

   N720
350
40

25.0
1

650350
350500

=��

�
��

� +=
+
´

=  

 
When the drum rotates in clockwise direction, self locking will occur. For self locking effort 
F £ 0. 
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 0
1

.,. 0 £�
�

�
�
�

�
-

+
=

a
c

ba

aF
ei

m   or mm
a

c
a
c

³³ ,
1

 

 
 

\  mmc 1200
25.0

350
³³  

 

Heat generated  vFvApH ncg == m  

 

W98.1071
100060

500800
200025.0 =

´
´´

´´=
p

 

 
skJkW /472.10472.10 ==  

 
Example: The layout of a brake to be rated at 250 N-m at 600 rpm is shown in figure. The drum 
diameter is 200 mm and the angle of contact of each shoe is 120°. The coefficient of friction may be 
assumed as 0.3 Determine. 
 

1. Spring force F required to set the brake. 
2. Width of the shoe if the value of pv is 2 N-m/mm2-sec 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data:    Mt = 250 N-m = 250 x 103 N-mm,  n = 600 rpm,  d = 200 mm,  r = 100 mm,  

2q =120°,  0=60°,   m = 0.3,   pv = 2 N-m/mm2-sec 
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Solution: 

Since 26 > 60°, equivalent coefficient of friction 
qq

q
mm

22
4

'
Sin

Sin
+

´=       

 
 

   351.0
120sin

180
120

60
3.0 =

+
+

´=
p
Sin

 

 
The various forces acting on the shoes are shown in figure.  
 

Left hand shoe: 

 For left hand shoe, a = 150 mm, b = 150 mm, c = mm50
2

100
100 =-  

 
The tangential force  Fq1 lies above the center of the drum and fulcrum, and acting away from 
the fulcrum (counter clockwise). 

  \  Spring force  �
�

�
�
�

�
-

+
=

a
c

ba
aF

F
m
101

 

 

    ��

�
��

� -
+
´

=
150
50

351.0
1

150150
15001F

F  

 
\ Tangential force Fgi= 0.795 F 
 
Right hand shoe: 
 
The tangential force   Fq2 lies below the center of the drum and the fulcrum, and acting towards 
the fulcrum (clockwise). 
 

\  Spring force  �
�

�
�
�

�
-

+
=

a
c

ba
aF

F
m
102

 

 

    ��

�
��

� -
+
´

=
150
50

351.0
1

150150
15002F

F  

 
\ Tangential force F02 = 0.6285 F 
 
Torque   rFFM )( 01011 +=  
 
i.e.,  100)6285.0795.0(10250 3 ´+=´ FF  
 
\ Spring force F = 1756.2 N 
 
The maximum load occurs on left hand shoe. 
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\ Tangential force F01 = 0.795 x  1756.2 = 1396.2 N 
 

Normal force on left hand shoe N
F

F 8.3977
351.0

2.139601
01 ===

m
 

 

Surface velocity of drum sec/283.6
100060

600200
100060

m
dn

v =
´

´´
=

´
=

pp
 

 
By data pv = 2 N-m/mm2 – sec 
 

\  Normal pressure 
2/3183.0

283.6
22

mmN
v

p ===  

 

Also pressure 
qsin2

1

wr
F

p n=  

 

1.e., 
60sin1002

8.3977
3183.0

´
=

wr
 

 
\  Width of the shoe w = 72.15mm 
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Band brakes 

A band brake consists of a band, generally made of metal, and embracing a part of the 
circumference of the drum. The braking action is obtained by tightenting the band. The difference in 
the tensions at each end of the band determines the torque capacity. 
 
Simple band brakes: When one end of the band is connected to the fixed fulcrum, then the band 
brake is called simple band brake as shown in figure 
  
Let   T, = Tight side tension in N 

T2 = Slack side tension in N  
q = Angle of lap in radians  
m = Coefficient of friction  
D = Diameter of brake drum in mm  
M1 = Torque on the drum in N-mm  
 

Ratio of tensions mqe
T
T

=
2

1  

 

Braking force         
D
M

TTF t2
21 =-=q  

 
 
Clockwise rotation of the drum: 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taking moments about the fulcrum O, 
 
   bTaF ´=´ 2  
 

\ Force at the end of lever 
a

bT
F 2=  

 

Braking force    )1(22221 -=-=-= mqmq
q eTTeTTTF      �

�

�
�
�

�
= mqe

T
T

2

1�  

 

:. Slack side tension  
12 -

= mq
q

e

F
T  
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Substitute the value of T2 in equation (1), we get 
 

    �
�

�
�
�

�

-
=

1
12

mqea
bT

F  

Counter clockwise rotation of the drum: 

For counter clockwise rotation of the drum, the tensions T1 and T2 will exchange their places and 
for the same braking torque, a larger force F is required to operate the brake. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taking moments about the fulcrum O,  
 

bTaF ´=´ 1  
 

\  Force at the end of lever
a
bT

F 1=  

Braking force    )
1

1(1
1

121 mqmqq e
T

e

T
TTTF -=-=-=      �

�

�
�
�

�
= mqe

T
T

2

1�  

 

Tight side tension 
12 -

= mq

mq
q

e

eF
T   

 
Substitute the value of T1, in equation (i), we get 
 

   �
�

�
�
�

�

-
=

1mq

mq
q

e
e

a

bF
F  

 
 
This type of brake does not have any self-energizing and self-locking properties. 
 
Thickness of the band h = 0.005 D 
 

Width of band 
dh

T
w

s
1=  

 
where ds  is the allowable tensile stress in the band. 
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Differential band brakes:  

In differential band brake the two ends of the band are attached to pins on the lever at a distance of 
bl and b2 from the pivot pin as shown in figure. It is to be noted that when b2 > b1, the force F must 
act upwards in order to apply the brake. When b2 < b1, the force F must act downwards to apply the 
brake. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Clockwise rotation of the drum: 
 
Taking moments about the fulcrum O, 
 

aFbTbT ´+´=´ 1221  

FabTbeT =- 1222
mq       )( 21

mqeTT =�  
 
Braking force )1(22221 -=--= mqmq

q eTTeTTTF           )( 21
mqeTT =�  

 

Slack side tension  
12 -

= mq
q

e

F
T  

 
Substitute the value of T2 in equation (1), we get 

 

    �
�

�
�
�

�

-
-

=
1

12
mq

mq
q

e
beb

a
F

F  

For the brake to be self locking, the force F at the end of the lever must be equal to zero or 
negative. 

  0
1

12 £�
�

�
�
�

�

-
-

=\ mq

mq
q

e
beb

a
F

 

 
The condition for self-locking is  12 beb £mq   
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Counter clockwise rotation of the drum: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taking moments about the fulcrum O, 
 

aFbTbT ´+´=´ 1122  

FaeTbT =- mq
222       )( 21

mqeTT =�  

 

Or  
a

ebbT
F

)( 122
mq-

=  

 
Braking force )1(22221 -=-=-= mqmq

q eTTeTTTF           )( 21
mqeTT =�  

 

Slack side tension  
12 -

= mq
q

e

F
T  

 
Substitute the value of T2 in equation (1), we get 

 

    �
�

�
�
�

�

-
-

=
1

12
mq

mq
q

e
ebb

a
F

F  

For self-brake locking, the force F must be zero or negative. 
 

  i.e., 0
1

12 £�
�

�
�
�

�

-
-
mq

mq
q

e
ebb

a
F

 

 
The condition for self-locking is  

 mqebb 12 £   
 
If b1 = b2 = b, the brake is called two way brake and is shown in figure. This type of brake can be 
used in either direction of rotation with same effort. 
 

\  Force at the end of lever �
�

�
�
�

�

-
+

=
1
1

mq

mq
q

e
e

a
bF

F  
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Example:  
A simple band brake operates on a drum 0.6 m in diameter rotating at 200 rpm. The coefficient of 
friction is 0.25 and the angle of contact of the band is 270°. One end of the band is fastened to a 
fixed pin and the other end to 125 mm from the fixed pin. The brake arm is 750 mm long. 
 

(i) What is the minimum pull necessary at the end of the brake arm to .stop the wheel if 35 
kW is being absorbed? What is the direction of rotation for minimum pull? 

(ii)  Find the width of 2.4 mm thick steel band if the maximum tensile stress is not to exceed 55 
N/mm2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data: D = 0.6 m = 600 mm,          n = 200 rpm,                  p = 0.25, 0= 270°,           a = 750 mm,    
          b = 125 mm,                     N = 35kW,   h = 2.4 mm,             sd = 55 N/mm2 

 

Solution: 
 

Frictional torque   
n

N
M

9550
1 =  

 
  

 mmNmN -´=-=
´

= 31025.167125.1671
200

359550
 

 

Braking for  N
D
M

R
M

F 83.5570
600

1025.167122 3
11 =

´´
===q  

 
 

Ratio of tensions  248.318027025.0

2

1 === ´´ pmq ee
T
T

 

 
 

Clockwise rotation:  
 

Force �
�

�
�
�

�

-
=

1
1

mq
q

ea
bF

F  
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N02.413
1248.3

1
750

12583.5570
=�

�

�
�
�

�

-
´

=

 
Counter clockwise rotation: 
 

Force �
�

�
�
�

�

-
=

1mq

mq
q

e
e

a
bF

F  

 

N5.1341
1248.3

3248
750

12583.5570
=�

�

�
�
�

�

-
´

=  

 
Therefore the minimum pull F = 413.02 N  
 
The direction of rotation is clockwise. 
 

Braking force )
1

1(1
1

121 mqmqq e
T

e

T
TTTF -=-=-=         

 

i.e.,  ��

�
��

� -=
248.3
1

183.5570 1T   

 
\  Tight side tension T1 = 8048.96 N 

 
 

Width of band 
dh

T
w

s
1=   

 

    mmmm 6298.60
554.2
96.8048

==
´

=  

 
Problem:  
In a simple band brake, the length of lever is 440 mm. The tight end of the band is attached to the 
fulcrum of the lever and the slack end to a pin 50 mm from the fulcrum. The diameter of the 
brake drum is 1 m and the arc of contact is 300°. The coefficient of friction between the band and 
the drum is 0.35. The brake drum is attached to a hoisting drum of diameter 0.65 m that sustains 
a load of 20 kN. Determine; 

1. Force required at the end of lever to just support the load. 

2. Required force when the direction of rotation is reversed. 

3. Width of stee! band if the tensile stress is limited to 50 N/mnr. 
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Data:   a = 440 mm,        b = 50 mm, D= 1 m = 1000 mm,     Db = 0.65 m = 650 mm,  

      q = 300°,              m = 0.35,           W = 20kN = 20x 103 N,   sd = 50N/mm2 
 
Solution: 
 

Torque on hoisting drum 
21

b
b

WD
RWM ==  

  mmN -´=
´´

= 6
3

105.6
2

6501020
 

 
The hoisting drum and the brake drum are mounted on same shaft. 
 
\ Torque on brake drum M1 = 6.5  x 106 N-mm 

Braking for  
D
M

R
M

F 11 2
==q  

 

  N13000
1000

105.62 6

=
´´

=  

 

Ratio of tensions  25.618030035.0

2

1 === ´´ pmq ee
T
T

 

 
Clockwise rotation:  
 

Force at the end of lever �
�

�
�
�

�

-
=

1
1

mq
q

ea
bF

F  

 
 

N38.281
125.6

1
440

5013000
=�

�

�
�
�

�

-
´

=  

Counter clockwise rotation: 
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Force �
�

�
�
�

�

-
=

1mq

mq
q

e
e

a
bF

F  

N66.1758
125.6

25.6
440

5013000
=�

�

�
�
�

�

-
´

=  

 
Thickness of band   h = 0.005 D 
 
    = 0.005  x 1000  = 5 mm  
 

Braking force        )
1

1(1
1

121 mqmqq e
T

e

T
TTTF -=-=-=  

 

i.e.,        ��

�
��

� -=
25.6
1

113000 1T  

 
\ Tight side tension T1 = 15476.2 N 
 

Width of band 
dh

T
w

s
1=  

 

    mmmm 629.61
505

2.15476
==

´
=  

 
 
 
Problem:   

A band brake shown in figure uses a V-belt. The pitch diameter of the V-grooved pulley is 400 
mm. The groove angle is 45° and the coefficient of friction is 0.3. Determine the power rating. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Data:   D - 400 mm,          2a = 45°,        a =22.5°,   m -0.3,   F = 100N,   b = 400 mm,    

    a = 750 mm,    q = 180° = p rad, n = 400 rpm  
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Solution:  
 

Ratio of tensions for V-belt,  amq Sine
T
T /

2

1 =  

     738.115.22/3.0 == ´ Sine p  
 
For clockwise rotation, 
 

 Force �
�

�
�
�

�

-
=

1
1

mq
q

ea
bF

F  

 

   i.e.,        �
�

�
�
�

�

-
-

´
=

1738.11
1

1
750

400
100 qF

 

 
 
 \ Braking force Fq  =  2013.4 N        
 

Torque on the drum 
21

DF
RFM q

q ==  

   mNmmN -=-=
´

= 68.402402680
2

4004.2013
 

Power rating 
9550

1 nM
N =  

 

 kW87.16
9550

40068.402
=

´
=  

 
Problem  
Figure shows a two way band brake.  It is so designed that it can operate equally well in both 
clockwise and counter clockwise rotation of the brake drum. The diameter of the drum is 400 mm 
and the coefficient of friction between the band and the drum is 0.3. The angle of contact  of band 
brake is 270° and the torque absorbed in the band brake is 400 N-m. Calculate; 
1. Force F required at the end of the lever. 
2. Width of the band if the allowable stress in the band is 70 MPa. 
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Data:   D = 400 mm,          m= 0.3,         q = 270°,     Mt = 400      N-m = 400 x 103 N-mm,  
    sd = 70  MPa = 70 N/mm2,        b = bl = b2 = 50mm,      a = 1000mm  
 

Solution: 
 

 Braking force    N
D
M

TTF t 2000
400

1040022 3

21 =
´´

==-=q  

    

Ratio of tensions  1112.41802703.0

2

1 === ´´ pmq ee
T
T

 

 

Force at the end of lever �
�

�
�
�

�

-
+

=
1
1

mq

mq
q

e
e

a
bF

F    

 

N28.164
1112.4
11112.4

1000
502000

=�
�

�
�
�

�

-
+´

=  

Band thickness h = 0.005 D 
 
       = 0.005 x 400 = 2 mm 
 

Braking force )
1

1(121 mqq e
TTTF -=-=           �

�

�
�
�

�
= mqe

T
T

12

�  

 

i.e.,        2000
1112.4
1

11 =��

�
��

� -T  

 
 
\ Tight side tension T1 = 2642.84 N 
 

Width of band 
dh

T
w

s
1=  

 

    mmmm 2088.18
702
84.2642

==
´

=  

 
 
 
 
 
 
 
 

 

 

 


