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Clutch 

The clutch is a device that transfers power from the engine to the gearbox, 

then to the wheels that drive the car. 



 The clutch is a device that transfers power from the engine to the gearbox, then to the wheels 

that drive the car. The animation above (left) shows the clutch disengaged (driver pressing 

clutch pedal down) thereby preventing any power from the engine being used to drive the car.  

 The animation above (right) shows the clutch engaged (driver is not pressing the clutch down) 

thereby allowing power from the engine to drive the car, as it would be when driving along the 

road normally. 

 The animation below shows the clutch only partially engaged (driver has the clutch pedal about 

half way up) and is known as 'clutch control'. The driver can let the clutch pedal up a little more 

to power the car, or push it down to remove that power, which results in the car slowing down. 

This technique is used where power from the engine is needed, but only very low speeds are 

required, for example, when maneuvering. 

 



What is Brake? 

A restraint used to slow or stop a vehicle. 

 

A brake is a device for slowing or stopping the motion of a machine 

or vehicle, and to keep it from starting to move again. The kinetic  

energy lost by the moving part is usually translated to heat by friction.  

  





Some General Definitions 

Brakes: apparatuses used to slow or stop a moving vehicle. 

Drum brake: mechanism that slows and stops a car by fiction, by 

pressing brake shoes against a drum. 

Drum: cylindrical part attached to the wheel, against which the brake 

shoes are pressed to stop the car. 

Brake lining: frictional part on the outside edges of the brake shoes. 

Return spring: part of the brake mechanism that returns the brake 

shoes to their initial position. 

Piston: cylindrical part that transmits the pressure to and receives 

pressure from the brake shoes. 

 



Some General Definitions 

Brake shoe: part on which the brake lining is mounted. 

Brake pads: part activated by the piston. 

Wheel hub: central part crossed by the axel. 

Stud: metal pin. 

Disk: round, flat, piece of metal, pressed against the wheel to slow or 

stop the car. 

Brake line: system liquid-transporting tubes. 

Splash shield: protector that prevents dirt from fouling the braking 

system. 

Disk brake: mechanism that slows and stops a car by friction, by 

pressing a disk against the wheel axel. 

 



Automotive Braking System 



Bike Brakes 

Center bolt 

Adjustable barrel 
Anchor bolt 



Drum Brakes  

 So called because the braking part is drum-shaped. Inside the drum, 

two large, curved brake pads push outwards, slowing you down 



 Working somewhat like bicycle brakes, disc brakes work by using 

calipers to clamp brake pads against either side of the spinning disc. 

Disk Brakes 



Disk Brakes 



Drum Brakes (Hand Brake) 



Disk Brakes 



Why are Drums still around? 

So if disc brakes are so marvelous, why are drum brakes still around?  

 

Well, disc brakes work only through hydraulics, which make them very 
tricky to use for hand brakes (that's 'emergency' brakes to 
Americans.) If you try to clamp a disc brake, as it cools down after 
use the disc gets slightly smaller, which means the car has to 
gradually increase the amount of force on the brakes to keep the car 
still. 

The Drum brakes on the other hand shrinks inward as they cool, 
therefore, further increasing the pressure on the brake pads. 

The cars with all four wheel disk brakes, still have two small drum 
brakes mounted in the rear wheel for the emergency brakes. 



Flywheels 



Couplings 



Plastic Socket Couplings 

Couplings 



Clutches Brakes, coupling and 

Fly Wheel 

 A group of elements usually associated with rotations that have in 

common the function of storing and/or transferring rotating energy. 

 In analyzing the performance of these devices, following will be of 

interest 

 The actuating force 

 The torque transmitted 

 The energy loss 

 The temperature rise 



Types of devices to be studied 

 Rim types with internal expanding shoes 

 Rim types with external contracting shoes 

 Band types 

 Disk or axial types 

 Cone types 

 Miscellaneous types 



Clutch, brake and flywheel 



Internal Expanding Rim Clutches and 

Brakes 



Internal Expanding Rim Clutches and Brakes 

 The internal-shoe rim clutch consists essentially of three elements 

 The mating frictional surface 

 The means of transmitting the torque to and from the surfaces 

 The actuating mechanism 

 Depending upon the operating mechanism, such clutches are further 

classified as 

 Expanding-ring 

 Centrifugal 

 Magnetic 

 Hydraulic 

 pneumatic 



Internal Expanding Rim Clutches and Brakes 

 The expanding-ring clutch is often used in textile machinery, 

excavators, and machine tools where the clutch may be located 

within the driving pulley 

 Expanding-ring clutches benefit from centrifugal effects; transmit 

high torque, even at low speeds; and require both positive 

engagement and ample release force 



Types of Clutches 

 Magnetic clutches are particularly useful for automatic and remote-

control systems. Such clutches are also useful in drives subject to 

complex load cycles 

 Hydraulic and pneumatic clutches are also useful in drives having 

complex loading cycles and in automatic machinery, or in robots 

 Here the fluid flow can be controlled remotely using solenoid valves 

 These clutches are also available as disk, cone, and multiple-plate 

clutches 



1) Brake pedal; 2) piston; 3) master cylinder; 4) hydraulic line; 

 5) brake cylinder; 6) brake piston; 7) brake band; 8) wheel; 9) return spring.  

Automated Hydraulic brake 

system 



Internal Friction Shoe Geometry 

 To analyze an internal-shoe device, refer to figure, which shows a 

shoe pivoted at point A, with the actuating force acting at the other 

end of the shoe 

 Since the shoe is long, the assumption that the distribution of normal 

forces is uniform cannot be made 

 The mechanical arrangement permits no pressure to be applied at 

the heel, and the pressure will therefore be assumed zero at that 

point 



Internal Friction Shoe Geometry 
Let us consider the pressure p acting upon an element of 

area of the frictional material located at an angle θ from 

the hinge pin. The maximum pressure pa is designated as 

located at an angle θa from the hinge pin. To find the 

pressure distribution on the periphery of the internal 

shoe, consider point B on the shoe. If the shoe deforms 

by infinitesimal rotation Δφ about the pivot A. deformation 

perpendicular to AB is h Δφ. From the Isosceles triangle 

AOB, h=2rsin(θ/2) so 

    h Δφ=2r Δφsin(θ/2) 

Deformation perpendicular to the rim is h Δφcosθ/2 which is  

   h Δφcosθ/2=2r Δφsin(θ/2) cosθ/2 =rΔφsin(θ/2) 

Thus deformation, and consequently the pressure is 

proportional to sinθ. In terms of the pressure at B and 

where the pressure is maximum, this means 



Internal Friction Shoe 

Geometry 
• The pressure distribution is sinusoidal with respect to the 

central angle θ 

• If the shoe is short, as show in (a), the largest pressure on 

the shoe is pa occurring at the end of the shoe, θ2 

• If the shoe is long as shown in (b), the largest pressure on 

the shoe is pa occurring at θa = 90o. 



Forces on the Shoe 



Forces on the Shoe 



Forces on the Shoe 

A self-energizing brake is 

one that uses the actual 

braking drag force to 

increase the force with 

which the brake is 

applied. The principle is 

well known in automotive 

engineering. The action 

of a rotating brake drum 

that increases the 

application pressure of 

the brake shoe(s).  



Forces on the Shoe 



Forces on the Shoe 

 



Forces on the Shoe 

 



To Remember 

The following assumption are implied by the preceding analysis 

 The pressure at any point on the shoe is assumed to be proportional to the 

distance from the hinge pin, being zero at the heel.  

 The effect of centrifugal force has been neglected. In this case the brakes, 

the shoes are not rotating, and no centrifugal forces exists. In clutch design, 

the effect of this force must be considered in writing the equations of static 

equilibrium 

 The shoe is assumed to be rigid. Since this cannot be true, some deflection 

will occur, depending upon the load, pressure, and stiffness of the shoe. 

The resulting pressure distribution may be different from that which has 

been assumed 

 The entire analysis has been based upon a coefficient of friction which does 

not vary with pressure. Actually, the coefficient may vary with a number of 

conditions, including temperature, wear and environment 



Example 16-2 

θ1 is the start of friction material on 

the brake, θ2 is the end of frictional 

material and θa is the point of 

maximum pressure: See Figure 16-6 

for further explanation 



Example 16-2 

 

 



 







External Contracting Rim Clurches and Brakes 



External Contracting Rim Clurches and Brakes 



External Contracting Rim Clurches and Brakes 



External Contracting Rim Clurches and Brakes 



 



 



 



 



 



Home Assignment 

 



Band type clutches and brakes 



Band type clutches and brakes 



Band type clutches and brakes 



Band type clutches and brakes 



Band type clutches and brakes 



Band type clutches and brakes 



The maximum band interface pressure on the brake shown in the 

figure is 90 psi. Use a 14-in-diameter drum, and band width of 4 

in, a coefficient of friction of 0.25, and an angle-of-wrap of 270. 
Find the band tensions and the torque capacity. 

Problem 16-11 







 



Disk Brakes 



An Automotive disk brake 

 



Friction Materials 

 A brake or friction clutch should have the following lining material 

characteristics to a degree that is dependent on the severity of 

service 

 High and reproducible coefficient of friction 

 Imperviousness to environmental conditions, such as moisture 

 The ability to withstand high temperatures, together with good 

thermal conductivity, as well as high specific heat capacity 

 Good resiliency 

 High resistance to wear, scoring, and galling 

 Compatible with environment 

 Flexibility 



Friction Materials 



Cone clutches and brakes 



Cone clutches and brakes 



Miscellaneous Clutches and Couplings 

Square-jaw Clutch 

The do not slip 

No heat is generated 

They cannot be engaged at high speeds 

Sometimes they cannot be engaged when both 

shafts are at rest 

Engagement at any speed is accompanied by 

shock 



Flywheels 

 

 

 

 

 

 

 




