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CLUTCHES 

FRICTION CLUTCHES 

A clutch is a device used to transmit the rotary motion of one shaft to another when desired. The 

axes of the two shafts are coincident. In friction clutches, the connection of the engine shaft to the 

gear box shaft is affected by friction between two or more rotating concentric surfaces. The 

surfaces can be pressed firmly against one another when engaged and the clutch tends to rotate 

as a single unit. 

SINGLE PLATE CLUTCH (DISC CLUTCH) 

A disc clutch consists of a clutch plate attached to a splined hub which is free to slide axially on 

splines cut on the driven shaft. The clutch plate is made of steel and has a ring of friction lining on 

each side. The engine shaft supports a rigidly fixed flywheel. A spring-loaded pressure plate 

presses the clutch plate firmly against the flywheel when the clutch is engaged. When 

disengaged, the springs press against a cover attached to the flywheel. Thus, both the flywheel 

and the pressure plate rotate with the input shaft. The movement of the clutch pedal is transferred 

to the pressure plate through a thrust bearing. Figure 8.13 shows the pressure plate pulled back 

by the release levers and the friction linings on the clutch plate are no longer in contact with the 

pressure plate or the flywheel. The flywheel rotates without driving the clutch plate and thus, the 

driven shaft. 

 
 

 
 

When the foot is taken off the clutch pedal, the pressure on the thrust bearing is released. As a result, 

the springs become free to move the pressure plate to bring it in contact with the clutch plate. The 

clutch plate slides on the splined hub and is tightly gripped between the pressure plate and the fly 

wheel. The friction between the linings on the clutch plate, and the flywheel on one side and the 

pressure plate on the other, cause the clutch plate and hence, the driven shaft to rotate. In case the 

resisting torque on the driven shaft exceeds the torque at the clutch, clutch slip will occur. 
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Torque transmitted by plate or disc clutch 

 

 
The following notations are used in the derivation 

T= Torque transmitted by the clutch 

P= intensity of axial pressure 

r1&r2=external and internal radii of friction faces 

μ= co-efficient of friction 

Consider an elemental ring of radius r and thickness d 

Friction surface = 2 πrdr 

Axial force on the dw= pressure *area 

= P*2 πrdr 

Frictional force acting on the ring tangentially at radius r 

Fr= μdw=μ*p*2 π rdr 

Frictional torque acting on the ring  

Tr=Fr*r=μp*2 πr*dr*r=2 πμpr2dr 

Considering uniform pressure 

When the pressure is uniformly distributed over the entire area of the friction face, then 

the intensity of pressure, 

 

Where W = Axial thrust with which the contact or friction surfaces are held together.We have 

discussed above that the frictional torque on the elementary ring of radius r and thickness dr is 

Tr = 2 πμ.p.r2 dr 

Integrating this equation within the limits from r 2 to r1 for the total frictional torque.Therefore Total 

frictional torque acting on the friction surface or on the clutch, 
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Substituting the value of p from equation (i), 

 

 
 
2. Considering uniform wear 

Let p be the normal intensity of pressure at a distance r from the axis of the Clutch. Since the 

intensity of pressure varies inversely with the distance, therefore 

p.r. = C (a constant) or p = C/r and the normal force on the ring, 

 
We know that the frictional torque acting on the ring, 
 

 
Total frictional torque on the friction surface, 

 

 
 

R = Mean radius of the friction surface = (r1+ r2)/2 
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Multiple plate clutch 
 

In a multi-plate clutch, the number of frictional linings and the metal plates is Increased which 

increases the capacity of the clutch to transmit torque. Figure show a simplified diagram of a 

multi-plate clutch. The friction rings are splined on their outer circumference and engage with 

corresponding splines on the flywheel. They are free to slide axially.The Friction material thus, 

rotates with the flywheel and the engine shaft. The Number of friction rings depends upon the 

torque to be transmitted. 

 

 

 

 
 

The driven shaft also supports discs on the splines which rotate with the driven shaft and can slide 

axially. If the actuating force on the pedal is removed, a spring presses the discs into contact with the 

friction rings and the torque is transmitted between the engine shaft and the driven shaft. If n is the 

total number of plates both on the driving and the driven members, the number of active surfaces will 

be n – 1. 

Let n1 = Number of discs on the driving shaft, and 

 
n2 = Number of discs on the driven shaft. 

Number of pairs of contact surfaces, 
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n = n1 + n2 – 1 

And total frictional torque acting on the friction surfaces or on the clutch, 

T = n.μ.W.R 

Where R = Mean radius of the friction surfaces 

 

PROBLEMS 
 

Example1. Determine the maximum, minimum and average pressure in plate clutch when the 

axial force is 4 kN. The inside radius of the contact surface is 50 mm and the outside radius is 

100 mm.Assume uniform wear. 

Solution. Given: W = 4 kN = 4 × 103 N, r2 = 50 mm ; r1 = 100 mm 

Maximum pressure 
 
Let p max = Maximum pressure. 

Since the intensity of pressure is maximum at the inner radius (r2), therefore 

p max × r2 = C or C = 50 pmax 

We know that the total force on the contact surface (W), 

4 × 103 = 2 _ C (r1 – r2) = 2 _× 50 pmax (100 – 50) = 15 710 p max 

Pmax = 4 × 103/15 710 = 0.2546 N/mm2 

 

Minimum pressure 

Let p min = Minimum pressure. 

Since the intensity of pressure is minimum at the outer radius (r1), 

Therefore P min × r1 = C or C = 100 p min 

We know that the total force on the contact surface (W), 

4 × 103 = 2 _ C (r1 – r2) = 2_ × 100 pmin (100 – 50) = 31 420 p min 

P min = 4 × 103/31 420 = 0.1273 N/mm2 

Average pressure 

We know that average pressure 

 

 

 



          LNCT GROUP OF COLLEGES                                                 

 

Example2. 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/mm2. If the coefficient of friction is 0.3,determine the power transmitted by a clutch at a 

speed 2500 r.p.m. 

Solution. Given: d1 = 300 mm or r1 = 150 mm ; d2 = 200 mm or r2 = 100 mm ; p = 0.1 N/mm2; μ = 

0.3 ; N= 2500 r.p.m. or _= 2_× 2500/60 = 261.8 rad/s Since the intensity of pressure ( p) is maximum 

at the inner radius (r2), therefore for uniform pressure 

p.r2 = C or C = 0.1 × 100 = 10 N/mm 

We know that the axial thrust, 

W = 2π  C (r1 – r2) = 2 _ × 10 (150 – 100) = 3142 N 

Mean radius of the friction surfaces for uniform wear, 

 

We know that torque transmitted, 

T = n.μ.W.R = 2 × 0.3 × 3142 × 0.125 = 235.65 N-m 

Power transmitted by a clutch, 

P = T*_= 235.65 × 261.8 = 61 693 W = 61.693 kW 

 

CONE CLUTCH 

A cone clutch, as shown in Fig., was extensively used in automobiles but now-a-days it has been 

replaced completely by the disc clutch 

 

It consists of one pair of friction surface only. In a cone clutch, the driver is keyed to the driving 

shaft by a sunk key and has an inside conical surface or face which exactly fits into the outside 

conical surface of the driven. The driven member resting on the feather key in the driven shaft,  
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May be shifted along the shaft by a forked lever provided at B, in order to engage he clutch by 

bringing the two conical surfaces in contact. Due to the frictional resistance set up at this contact 

surface, the torque is transmitted from one shaft to another. In some cases, a spring is placed 

around the driven shaft in contact with the hub of the driven. This spring holds the clutch faces in 

contact and maintains the pressure between them, and the forked lever is used only for 

disengagement of the clutch. The contact surfaces of the clutch may be metal to metal contact, 

but more often the driven member islined with some material like wood, leather, cork or asbestos 

etc. The material of the clutch faces (i.e .contact surfaces) depends upon the allowable normal 

pressure and the coefficient of friction. 

Consider a pair of friction surface as shown in Fig. Since the area of contact of a pair of friction 

surface is a frustum of a cone, therefore the torque transmitted by the cone clutch maybe 

determined in the similar manner as discussed.  

Let p n = Intensity of pressure with which the conical friction surfaces are held together 

 (i.e. normal pressure between contact surfaces), 

r 1 and r2 = Outer and inner radius of friction surfaces respectively 

R = Mean radius of the friction surface=(r1+ r2)/2 

α= Semi angle of the cone (also called face angle of the cone) or the angle of the friction surface 

with the axis of the clutch, 

μ = Coefficient of friction between contact surfaces, and 

b = Width of the contact surfaces (also known as face width or clutch face). 

 
 

 

                                                        Fig (a)                                   Fig (b) 

 

 

Consider a small ring of radius r and thickness dr, as shown in Fig.  (b). 
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Let dl is length of ring of the friction surface, such that 

dl = dr.cose α 

Area of the ring= A = 2π r.dl = 2_r.dr cosec α 

We shall consider the following two cases : 

1. When there is a uniform pressure, and 

2. When there is a uniform wear. 

Considering uniform pressure 
 

We know that normal load acting on the ring, 

δW n = Normal pressure × Area of ring = p n × 2 πr.dr.cosec _ 

The axial load acting on the ring, 

δW = Horizontal component of _W n (i.e. in the direction of W) 

= δW n × sin α= p n × 2π r.dr. cosec α× sin _ = 2π × p n .r.dr 

Total axial load transmitted to the clutch or the axial spring force required 

 

We know that frictional force on the ring acting tangentially at radius r, 

Fr = μ.δW n = μ.pn × 2 πr.dr.cosec α 

Frictional torque acting on the ring, 

T r = Fr× r = μ.p n × 2 πr.dr. cosec α.r = 2 πμ.p n.cosec αr2 dr 

Integrating this expression within the limits from r2 to r1 for the total frictional torque on 

the clutch. 

Considering uniform 
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Considering uniform wear 
 

In Fig. , let pr be the normal intensity of pressure at a distance r from the 

axis of the clutch. We know that, in case of uniform wear, the intensity of pressure varies 

inversely with the distance. 

P r .r = C (a constant) or pr = C / r 

We know that the normal load acting on the ring, 

δW n = Normal pressure × Area of ring = pr × 2πr.dr cosecα 

The axial load acting on the ring , 

δW = δW n × sin _ = pr.2 π r.dr.cosec α.sin _= pr × 2πr.dr 

 

We know that frictional force acting on the ring, 

Fr = μ.δW n = μ.pr × 2πr × dr cosecα 

Frictional torque acting on the ring, 

 

 

T r = Fr × r = μ.pr × 2π r.dr.cosec α × r 

 

 

 



          LNCT GROUP OF COLLEGES                                                 

PROBLEMS 

Example 1. An engine developing 45 kW at 1000 r.p.m. is fitted with a cone clutch built inside the 

flywheel. The cone has a face angle of 12.5º and a maximum mean diameter of 500 mm. The 

coefficient of friction is 0.2. The normal pressure on the clutch face is not to exceed 0.1 N/mm 2. 

Determine: 1. the axial spring force necessary to engage to clutch, 

            and 2. the face width required. 

Solution. Given : P = 45 kW = 45 × 103 W ; N = 1000 r.p.m. or _= 2_× 1000/60 = 104.7rad/s ; _= 

12.5º ; D = 500 mm or R = 250 mm = 0.25 m ; μ = 0.2 ; p n=0.1N/mm2 

1. Axial spring force necessary to engage the clutch 

First of all, let us find the torque (T ) developed by the clutch and the normal load 

(W n) acting on the friction surface. 

We know that power developed by the clutch (P), 

45 × 103 = T_= T × 104.7 or T = 45 × 103/104.7 = 430 N-m 

We also know that the torque developed by the clutch (T), 

430 = μ.W n .R = 0.2 × W n× 0.25 = 0.05 W n 

W n = 430/0.05 = 8600 N 

Axial spring force necessary to engage the clutch, 

We = Wn (sinα + μ cosα_) 

= 8600 (sin 12.5º + 0.2 cos 12.5º) = 3540 N 

2. Face width required 

Let b = Face width required 

We know that normal load acting on the friction surface (W n), 

8600 = p n × 2_R.b = 0.1 × 2_× 250 × b = 157 b 

b = 8600/157 = 54.7 mm 

Example 2. A conical friction clutch is used to transmit 90 kW at 1500 r.p.m. The semi cone angle is 

20º and the coefficient of friction is 0.2. If the mean diameter of the bearing surface is375 mm and the 

intensity of normal pressure is not to exceed 0.25 N/mm2, find the dimensions of the conical bearing 

surface and the axial load required. 

Solution. Given: P = 90 kW = 90 × 103 W ; N = 1500 r.p.m. or _ = 2 _× 1500/60 = 156rad/s ; _ = 20º ; 

μ = 0.2 ; D = 375 mm or R = 187.5 mm ; pn = 0.25 N/mm2 

Dimensions of the conical bearing surface 

Let r1 and r2 = External and internal radii of the bearing surface respectively, 

b = Width of the bearing surface in mm, and 
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T = Torque transmitted. 

We know that power transmitted (P), 

90 × 103 = Tω = T × 156 

T = 90 × 103/156 = 577 N-m = 577 × 103 N-mm 

The torque transmitted (T), 

577 × 103 = 2 π μ pn.R2.b = 2π × 0.2 × 0.25 (187.5)2 b = 11 046 b 

b = 577 × 103/11 046 = 52.2 mm 

We know that r1 + r2 = 2R = 2 × 187.5 = 375 mm ----------- i 

r1 – r2 = b sin _= 52.2 sin 20º = 18 mm ------------------------- ii 

From equations (i) and (ii), 

r1 = 196.5 mm, and r2 = 178.5 mm 

Axial load required 

Since in case of friction clutch, uniform wear is considered and the intensity of pressure is 

maximum at the minimum contact surface radius (r2), therefore 

pn.r2 = C (a constant) or C = 0.25 × 178.5 = 44.6 N/mm 

We know that the axial load required, 

W = 2πC (r1 – r2) = 2_ × 44.6 (196.5 – 178.5) = 5045 N 

Centrifugal Clutch 

The centrifugal clutches are usually incorporated into the motor pulleys. It consists of a number of 

shoes on the inside of a rim of the pulley, as shown in Fig. 10.28. The outer surface of the shoes are 

covered with a friction material. These shoes, which can move radially in guides, are held 

 

Against the boss (or spider) on the driving shaft by means of springs. The springs exert a radially 

inward force which is assumed constant. The mass of the shoe, when revolving, causes it to exert a 

radially outward force (i.e. centrifugal force). The magnitude of this centrifugal force depends upon the  
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speed at which the shoe is revolving. A little consideration will show that when the 

centrifugal force is less than the spring force, the shoe remains in the same position as when the 

driving shaft was stationary, but when the centrifugal force is equal to the spring force, the shoe is just 

floating. When the centrifugal force exceeds the spring force, the shoe moves outward and comes into 

contact with the driven member and presses against it. The force with which the shoe presses against 

the driven member is the difference of the centrifugal force and the spring force. The increase of speed 

causes the shoe to press harder and enables more torque to be transmitted.In order to determine the 

mass and size of the shoes, the following procedure is adopted: 

Mass of the shoes 

 

 

Consider one shoe of a centrifugal clutch as shown in Fig 

Let m = Mass of each shoe, 

n = Number of shoes, 

r = Distance of centre of gravity of the shoe from the centre of the 

spider, 

R = Inside radius of the pulley rim, 

N = Running speed of the pulley in r.p.m., 

ω = Angular running speed of the pulley in rad/s 

= 2πN/60 rad/s, 

ω1 = Angular speed at which the engagement begins to take place, 

and 

µ = Coefficient of friction between the shoe and rim. 

We know that the centrifugal force acting on each shoe at the running speed, 
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*Pc = m .ω
2
.r 

and the inward force on each shoe exerted by the spring at the speed at which 

engagement begins to take place, 

Ps = m (ω1)
2
 r 

ı The net outward radial force (i.e. centrifugal force) with which 

The shoe presses against the rim at the running speed 

= Pc – Ps 

The frictional force acting tangentially on each shoe, 

F = µ (Pc – Ps) 

ı Frictional torque acting on each shoe, 

= F × R =µ(Pc – Ps) R 

Total frictional torque transmitted, 

evaluated. 

T = µ (Pc – Ps) R × n = n.F.R 

From this expression, the mass of the shoes (m) may be evaluated. 

Size of the shoes 

Let l = Contact length of the shoes, 

b = Width of the shoes, 

R = Contact radius of the shoes. It is same as the inside radius of the rim of the pulley. 

Ɵ = Angle subtended by the shoes at the centre of the spider in radians. 

p = Intensity of pressure exerted on the shoe. In order to ensure 

reason-able life, the intensity of pressure may be taken as 0.1 

N/mm2. 

We know that Ɵ = l/R rad or l = _.R 

ı Area of contact of the shoe, 

A = l.b 

The force with which the shoe presses against the rim 

A × p = l.b.p 

Since the force with which the shoe presses against the rim at the running speed is (Pc – Ps), therefore 

l.b.p = Pc – Ps 
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PROBLEMS 

Example 1. A centrifugal clutch is to transmit 15 kW at 900 r.p.m. The shoes are four in number. The 

speed at which the engagement begins is 3/4th of the running speed.The inside radius of the pulley rim 

is 150 mm and the centre of gravity of the shoe lies at 120 mm from the centre of the spider. The shoes 

are lined with Ferrodo for which the coefficient of friction may be taken as 0.25. Determine: 

1. Mass of the shoes, and  

2. Size of the shoes, if angle subtended by the shoes at the centre of the spider is 60º and the pressure 

exerted on the shoes is 0.1 N/mm2. 

Solution. Given : P = 15 kW = 15 × 103 W ; N = 900 r.p.m. or _ = 25 × 900/60 = 94.26 rad/s ; n = 4 ; 

R = 150 mm = 0.15 m ; r = 120 mm = 0.12 m ; ı = 0.25 

Since the speed at which the engagement begins (i.e. ω1) is 3/4th of the running speed (i.e. ω), 

therefore 

 

Let T = Torque transmitted at the running speed. 

We know that power transmitted (P), 

15 × 10 

= T.ω= T × 94.26 or T = 15 × 103/94.26 =159 N-m 

1. Mass of the shoes 

Let m = Mass of the shoes in kg. 

We know that the centrifugal force acting on each shoe, 

Pc = m.ω
2
.r = m (94.26)

2
 × 0.12 = 1066 m N 

the inward force on each shoe exerted by the spring i.e. the centrifugal force at the 

engagement speedω1, 

Ps = m (ω1)
2
 r = m (70.7

)2
 × 0.12 = 600 m N 

ı Frictional force acting tangentially on each shoe, 

F=µ(Pc – Ps) = 0.25 (1066 m – 600 m ) 116.5 m N 

We know that the torque transmitted (T ), 

159 = n.F.R = 4 × 116.5 m × 0.15 = 70 m or m = 2.27 kg 

2. Size of the shoes 

Let l = Contact length of shoes in mm, 

b = Width of the shoes in mm, 

Ɵ Angle subtended by the shoes at the centre of the spider in radians 

= 60º = π/3 rad, and 
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p = Pressure exerted on the shoes in N/mm2 = 0.1 N/mm
2
 

 

        b = 1058/157.1 × 0.1 = 67.3 mm 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


