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Task A 
What is a centrifugal friction clutch? 
A centrifugal friction clutch is a mechanism used on equipment that is driven using a rotary driving force. The key function of the centrifugal clutch is that it can operate without engaging the driven shaft and therefore operating the equipment. The clutch will only engage the driven shaft when a certain rotational speed (revolutions per minute) has been achieved. This minimum driving speed is pre determined and designed into the component. The function of the equipment will determine the engagement speed of the equipment (Engineers Guide , 2019)
[image: Image result for centrifugal friction clutch diagram]


	Fig 1 

The clutch mechanism utilises the mechanical properties of centrifugal force. As the driving shaft rotates, so does the spider and shoes that are attached to it, the greater the speed of rotation, the greater the centrifugal force exerted on the shoes. Once the centrifugal force exerted on the shoes exceeds the tension of the springs holding the shoes, the springs will stretch until the shoes come into contact with the outer casing of the clutch. Thus engaging it and driving the driven shaft. If the rotational speed of the driving shaft were to drop below this value again, the shoes would immediately disengage and no longer drive the driven shaft. (Toulas, 2018)
Applications of a centrifugal friction clutch 
A common example of where this mechanism is used is in equipment such as lawn mowers and chain saws. In these instance its used as a safety feature that benefits the user. The chain saw can idle when the operator is not performing a cut, as to protect the user. And when the user wants to perform a cut they can engage the trigger which increases the RPM of the drive shaft, engaging the driven shaft and therefore the teeth on the chain saw. Once the cut has been performed, the trigger is released and the teeth on the chain saw are immediately disengaged an no longer pose a danger. This feature allows the user to remain safe without having to fully start and stop the chain saw every time they wish to use it. (Baksiin, 2021)
Other than protecting humans, these clutches can be used for protecting components. The clutch can prevent equipment such as engines from operating at a rate that could cause damage. Instead it ensures that the engine only operates under safe conditions. Prolonging the life of the engine and saving money in the long run. (BLM centrifugal solutions , 2019)
Advantages
The speed at which the clutch engages the driven shaft can be accurately controlled by design. This is done by selecting a spring with the appropriate stiffness value that results in the shoes engaging the outer rim, at the desired time. Stiffer springs mean that a higher RPM is required to engage the clutch. (Mecholic , 2021)
Centrifugal clutches operate without the need for external mechanisms such as a pedal. They function solely on rotary speed. (BLM centrifugal solutions , 2019)
Despite the fact that the centrifugal clutches provides an ingenious solution for many applications. The Mechanism is relatively simple which means they are available to purchase for reasonable costs and are easy and cheap to maintain. (Mecholic , 2021)
Disadvantages
 The clutch is limited by the friction that can be applied through the shoes, and onto the outer rim. High torques can result in the shoes slipping as the friction generated is not adequate. This can result in damage to the shoes. This will result in power output dropping. Other types of clutches are more appropriate for high torque applications. 
Construction of centrifugal clutch 
The material selected for the friction lining of the clutch has a large impact on the quality of the clutch. The material needs to provide enough friction to drive the outer drum when subjected to the torque of the driving shaft. It also needs to be durable enough so that it does not get easily worn and need frequent replacing. 
Linings used in the present time are composite materials, purposefully designed for this application. An example of this is “refined glass fibres, composite fibre metals with heat resistant properties, high grade copper to help with heat dissipation and then added high temperature resin, anti-wear agents, lubricants and high-quality anti-wear and friction resistant regulating agents. (clutchfix, 2021)”. (clutchfix, 2021)
The heat resistant features of this material are essential in preventing damage to the lining, due to the high levels of heat generated by the contact between the friction lining and the drum. Non heat resistant materials would deform easily and need frequent replacing. 
Spring wires can vary from clutch to clutch depending on the requirements of the clutch. the higher speed (rpm) the engagement, the stiffer the spring required. Although different material selection will allow you to achieve different stiffness’s, most clutch springs are made from the same material and they vary in diameter to control the stiffness. A common material used is oil tempered steel which is a form of heat treated steel. The springs are heat treated to achieve “more uniform mechanical properties”
[image: https://upload.wikimedia.org/wikipedia/commons/2/25/US_Patent_598314_detail_centrifugal_clutch.png]Development of centrifugal clutch 
Centrifugal clutches have been recorded to have existed since the mid 19th century. They were first used on locomotives and the official patent (seen in fig 2) shows the first design. The earliest iterations of this mechanism show a circular mechanism that engages the outer drum and transfers drive to the driven shaft. This design would become outdated over time as the mechanism is limited in the contact area that can apply friction and transfer torque, and therefore motion. In place of this mechanism the design was developed to include a spider and shoes like we see on modern centrifugal clutches. This allowed a larger contact area and more friction to be generated, thus allowing the clutch to operate at far higher speed. The number of shoes has varied from design to design. Increasing the number of shoes results in increasing the torque transmitted. The standard number of shoes at present is 4. 
 (
Fig 2
)In recent history, material science has become an ever more relevant discipline. This area of science has purpose developed materials for applications such as this. Resulting in a far more optimised clutch than the early designs. The friction lining has been developed to maximise the friction applied to the drum whilst being durable enough to not ware out. Furthermore the steels used in the drums and shaft are of a far superior quality to the early iterations of the clutch. all contributing to optimum power transfer and efficiency. 
Applications of electromagnetic clutch 
[image: See the source image]
 (
Fig 3 
)Electromagnetic clutches are an example of a type of friction clutch. They are similar to centrifugal clutches in that they utilise the forces of friction in order to operate. Where they differ from centrifugal clutches is the mechanism by which the friction lining engages and disengages. Whereas a centrifugal clutch uses spring force to operate and control the mechanism, an electromagnetic clutch uses magnetic force. (Mech4study, 2017)
This mechanism is advantageous as it allows for the driven shaft to be controlled precisely and easily, as there is a little to delay when operating. Furthermore there is less damage caused at the engagement area. This prolongs the life of the clutch and prevents breakdowns occurring which is highly beneficial when used in automation as down time causes money to be lost through lack of production.  (Mechanicalfunda, 2018)               
Another big benefit of the electromagnetic clutch is that it can operate remotely without any linkage. This is useful when used on automation systems as several EM clutches could be used on a particular system. Not having to design linkage into the system allows more freedom when designing for a desired outcome. (Mech4study, 2017)
Due to these factors, the most common application of an EM clutch is in automation in factories. This is due to the precise levels of control they achieve. The almost instant engagement and disengagement is vital in ensuring that the automation process runs correctly. 
They are ideal for use within automation as the motors can all run simultaneously and the clutches can control various actuators depending on the operation. Eg. Conveyors can stop/start whilst the motors continue to run at the same speed, ensuring instant transmission when motion is required.
Task B
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Increasing the coefficient of friction results in more friction between the friction lining and the drum, this allows a higher maximum torque transmission. Oppositely when you decrease the coefficient of friction the maximum torque transmission is reduced. This is due to slippage occurring beyond the maximum torque transmission. Whereby the friction lining is unable to keep contact with the drum as it is limited by the frictional force of the material it is made from.
[image: ]
Complex stress is when a stressed component has direct and shear stresses acting in two or more directions at the same time. Since the shoe is only placing a direct stress in 1 direction, this is not a complex stress. 
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‘easily,as there is a little to delay when operating. Furthermore there isless damage caused a
‘engagementarea. This prolongs the life of the clutch and prevents breakdowns occurring whichis
highly beneficial when used in automation as down time causes money to be lost through lack of
production. (Mechanicaffunda, 2018)

Another big benefit of the electromagnetic clutchis that it can operate remotely without any
linkage. This is useful when used on automation systems as several EM clutches could be used ona
particular system. Nothavingto design linkage into the system allows more freedom when designing
fora desired outcome. (Mechdstudy, 2017)

Due tothese factors, the most common application of an EM clutch is in automation n factories.
Thisis due to the precise levels of control they achieve. The almostinstant engagement and
disengagementisvitalin ensuring that the automation process runs correctly.

They are ideal for use within automation as the motors can all run simultaneously and the clutches
‘can control various actuators depending on the operation. Eg. Conveyors can stop/start whilst the
motors continue to run at the same speed, ensuringinstant transmission when motion s required.
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