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1.Introduction.
This report prepared by Barrie John will undertake two tasks. Task A will look at the development of the centrifugal friction clutch and the typical applications and operating conditions. It will also look at electromagnetic clutches in modern automation of manufacturing processes.
Task B will answer the eight questions asked in the paper.

2.Task A.

What Is a Centrifugal Clutch?

A centrifugal clutch is a mechanical device which is used on driven rotary equipment. the clutch is used to automatically transmit the torque from a drive to the driven equipment allowing for a “soft start” with no load engagement. Centrifugal clutches are widely used with combustion engines. By using this type of clutch between the drive and the driven equipment it allows for the speed at which the mechanical driven shaft engages to be controlled. As the engine speed is increased the centrifugal clutch drive will become engaged. This will allow an operator to run the engine at an idling speed without the drive equipment becoming engaged. This will enable the engine to reach an optimal torque before undergoing any load. (Lancereal, 2021)





A typical clutch is made up from the following parts.


1. Shoes:
Shoes are used to consume the friction. They are mainly sliding types. shoes are       attached between the guides. The guides are used to allow the shoes to slide. the shoes have a friction lining. When the shoes are engaged with the drum, this friction lining can be used to make contact.

2. Spring:
The Spring is a controlling element. Springs are usually used at lower speed. There is a Spring is attached to each shoe. Using the springs shoes are attached to the guide.

When the engine rotates at a low speed then the clutch is needed to be disengaged. This is when the Spring disengages the clutch. Otherwise, spring holds the shoe in the initial position.

3. Guides:
The guides are used on the motor shaft or on the engine shaft. The space between guides must be equal. This equal space means, the distance between each guide is the same.

Between these guides is where the shoes are kept. This is to consume the frictions between the guides and each guide also contains a spring to disengage the clutch.

4. Friction Lining:
 Friction lining works in the same way as the friction plate of a simple clutch. The Friction lining is a part of the sliding shoes.

Friction lining transmits torque. It is this that allows the lining to grip the drum’s inner surface. This also helps to reduce the wear and tear of the sliding shoes.

5. Drum:
The Drum acts as the housing component of the clutch. The guides, sliding shoes, springs, friction lining are all housed within Drum. (Baksiin, 2021)



What are Centrifugal Clutches used for?

Centrifugal clutches are used in a wide range of equipment which have a high starting inertia. Commonly found on equipment with rotating parts that are driven by a petrol or diesel engine. Examples include:

· Lawn Mowers
· Go-karts
· Fan drives
· Water pumps
· Chainsaws
· Compressors
· Conveyors
(Lancereal, 2021)

How was the Centrifugal clutch developed?

Centrifugal clutches were first used in the 1850’s on railway locomotives. Thomas Fogarty is credited with developing the first centrifugal clutch used in small engine application in the 1940’s. (Wikipedia, 2021)



[image: Centrifugal Clutch Working, Applications, Advantages and Disadvantages |  Mecholic] (Mecholic, 2021)


Above is a typical example of a centrifugal clutch set up.
[image: Centrifugal Clutch | Engineering Expert Witness Blog] (O'keefe, 2012)
Above is an example of how a centrifugal clutch fit into a cutting mechanism.


Pros and cons of a centrifugal clutch.

Pros.
There are many advantages of a centrifugal clutch, as follows,
· Centrifugal clutches are automatic clutches meaning they engage and disengage automatically. This allows the clutch to automatically control the peak speed of an engine.
· Compared to other clutches a centrifugal clutch is quite cheap to buy. There are fewer parts needed and no extra components needed thus making a centrifugal clutch a lower cost option.
· A centrifugal clutch will reduce the chances of engine damage as it has a progressive engagement which allows the load on the engine to build progressively. This is particularly helpful when dealing with heavy loading or an abnormal starting.
· They specialise in smooth acceleration.
· The springs allow for a precise engaging speed.
· Centrifugal clutches are simpler which means they require less maintenance.
· Centrifugal clutches have a longer life than other clutches due to the progressive speed control and engagement.

Cons.
There are also a few disadvantages to a centrifugal clutch, as follows,
· Centrifugal clutches are prone to overheating which can cause loss of power and damage to the clutch.
· Different sizes of centrifugal clutches produce different peak speeds.
· Slippage of the clutch can result in loss of power.
· Centrifugal clutches need regular oiling to prevent overheating and help keep the temperature of the clutch in check.
· A centrifugal engine is most suitable at high speed but can cause issues at lower speeds. (Mech Studies, 2021)

Electromagnetic Clutches in modern automation of manufacturing processes.
Without even knowing it people use electromagnetic clutches every day. Anyone who has used a lawn mower, photocopy machine, or even air con in their car may be using an electromagnetic clutch.
While an Electromagnetic clutch will operate electrically it will transmit torque mechanically. It is not uncommon for engineers to refer to them as electromechanical clutches. Over the years they have become to be known as electromagnetic, referring to the way the units basic yet accurate operation has not changed.

Electromagnetic clutches can be found in many forms, from toothed, multiple discs, and magnetic particle. However, the single-face design would be considered the most widely used.

Electromagnetic clutches have a basic structural component make up: a coil; a hub; and an armature. A clutch will also have a rotor. It is the rotor which connects to the moving part of the machine, such as a driveshaft.

The coil shell will usually be made from carbon steel. This combines strength with magnetic properties. Copper wire is used to form the coil, although aluminium can also be used. The coil is normally held in the shell by a bobbin or adhesive.

When activating the unit’s electric circuit this will energizes the coil. The current that runs through the coil will generate a magnetic field. With time a build-up of magnetic flux overcomes the air gap between the armature and field, magnetic attraction pulls the armature — which connects to the hub — into contact with the rotor.

Friction and magnetic forces accelerate the armature and hub to match rotor speed. This causes both the rotor and armature to slip past each other for the first 0.02 to 1.0 second until the input and output speeds are matched. This matchup of speeds is sometimes called 100% lockup. (Shaprio, 2009)
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(Electric-clutches.com, 2021)
Above is an example of a typical electromagnetic clutch.

Differences between a centrifugal clutch and an electromagnetic clutch.
A centrifugal clutch would be expected to have more friction losses, because you need a certain rotational speed until it engages. Whereas an electromagnetic clutch can be engaged at the same speed without losses. Also, there is a weight difference between the two clutches with the centrifugal clutch generally lighter. (Lindekamp, 2015)





3.Task B
 1)	What is the diameter of the outer drum?
· The diameter of the outer drum is 216mm.

2)        Determine the engagement speed of the centrifugal clutch.  You should provide your        answer in RPM (revolutions per minute) and rounded to the nearest whole value of RPM.

· The clutch engagement speed = 1787 RPM.

3)    Calculate the radial force acting on the clutch face when the driving shaft is rotating at a speed of 550 RPM.

· The radial force acting on the clutch will be 92.14 newtons.

4)  At the driving shaft speed of 550 RPM, what will be the value of torque transmitted to the driven shaft?

· The torque transmitted at 550 rpm will be 0.83 newton meters.

5)  Using either MatLab or MS Excel, calculate and plot on a suitable graph the transmitted torque at the driven shaft against driving shaft speed, from 450 RPM to 700 RPM in increments of 25 RPM.









6)  Undertake the same analysis as in point 5 above but adopt a coefficient of friction of 0.3 and 0.4.  Discuss the effect of changing the coefficient of friction of the shoe material on the torque transmitted when comparing the three values of coefficient of friction.



As you can see from the graph above the torque produced varies dependant on the friction applied. Increased friction results in increased torque.
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