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1. [bookmark: _Toc85356282]Introduction

1.1 [bookmark: _Toc85356283]Aims
The aim of this report is to better understand the functions and application of a centrifugal clutch. 

1.2 [bookmark: _Toc85356284]Objectives
A literature review will briefly explain the uses and functions of a centrifugal clutch, and briefly compre the centrifugal clutch to the electromagnetic clutch.

3 Task B will then use a given diagram and values as an example to demonstrate the relative theories, formulae and relationships between different elements of a centrifugal clutch. 
2. [bookmark: _Toc85356285]Theory and application of the centrifugal friction clutch

The clutch allows the engine to work at a stationary position by engaging and disengaging the power transmission from the driving shaft to the driven shaft (Student Lesson, 2020). Without a working clutch, power will not transfer, leaving the intended driven shaft immobile, for example without a working clutch in a go kart,  the go kart will not move (The Gearbox Specialists, 2020). The clutch also allows for the driven shaft to stop without the driving shaft stopping, in the example of the go kart, this allows for the wheels of the go kart to come to a stop without cutting the engine off (Nice, et al., 2021).

A centrifugal clutch is a mechanical device which leverages centrifugal force to connect concentric input and output members (Li & Huang, 2016). The input member (or spider) is fixed by a central pivot where rotational speed is driven. Clutch shoes with friction lining are connected to this central point with restraining extension springs. As engine speed increases, the weight of the shoes drive centrifugal force to increase and outweigh the radially inward force of the extension springs, causing the springs to swing outwards and shoes to engage to the inner surface of the clutch drum (Liu & Chiang, 2016). The force with which the shoes engage with the inner drum is the difference between the centrifugal force and the inward force of the springs. The increase in engine speed causes an increase in centrifugal force and thus the shoes press harder against the drum, transmitting more torque (Idrisi, et al., 2016). 
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(Idrisi, et al., 2016)
The friction lining of the clutch shoes must be able to sustain the heat energy by-product which will be generated during clutch engagement . The most popular material choice has historically been fibres made from asbestos, but  due to health related concerns this has been replaced with ceramic alternatives due to their durability, heat resistance, ability to endure stress (Anon., 2021). 

Disproportionate heat generation from prolonged periods of friction is a major reason for clutch failure, risking distortion and thermal degradation of the friction lining material as well as distortion of the shoes through conversion of generated heat into thermal stresses (GKINIS, et al., 2018). These distortions can lead to an increase in judder from uneven contact between the shoes and the outer drum , this localised contact can lead to thermo elastic instability (GKINIS, et al., 2018). 

As centrifugal clutches engage and disengage automatically, they are cheap in comparison to other clutches as fewer parts are required, batteries and additional components are not required for the clutch to perform properly, however due to the heat produced from the shoes and clutch drum, the centrifugal clutch is susceptible to overheating which may result in slippage and loss of power (Baksiin, 2021). As the springs are located close to the frictional surfaces of the shoes, heat is readily transferred to the spring from the friction lining, thus reducing its operating life.  The springs are at greater risk of heat exposure in lower operating speeds where centrifugal force first overcomes spring forces and slippages are frequent where a considerable amount of friction and resulting heat is generated. This heat transfer to the springs can lead to creep within the springs, therefore decreasing the spring force and allowing for clutch engagement at lower speeds, as the centrifugal force needed for the shoes to engage with the drum is now decreased. Furthermore, the heat may also weaken the mechanical properties of the metal spring which may negatively impact the stiffness value of the spring further (The Hilliard Corporation, 2003).

The automatic engage and disengage also enables the motor to start without any load, allowing for a smoother acceleration. The slippage and loss of power can be leveraged as a strength rather than a weakness and utilised to safeguard the motor and machinery in the case of an overload (BLM Centrifugal Solutions, 2021). 

Centrifugal clutches are therefore used in instances where it is important to keep the engine running during stalling or where it is required to disengage loads during starting and idling such as paramotors and boats (Mishra, 2021). Other examples include lawn mowers, go-karts, minibikes and chainsaws (Filha & Tangirai, 2021).

A patent for a centrifugal automatic clutch was first registered in 1898 (Crowdus, 1898), where the RPM of the engines were lower, enabling the use of centrifugal clutches, the “Wilson pre-select gearbox”  with a “Newton automatic” (centrifugal clutch) function was also proven popular (Armstrong Siddeley Owners Club Ltd, 2021) as many drivers at the time struggled to operate smoothly as double clutching techniques required on other gearboxes were complicated, and thanks to the centrifugal clutch, the “Wilson gearbox” had faster shift times, was lighter in weight, could shift gears under load and could handle greater power outputs (Prins & Merrygold, 2018).

In applications where the risk of inconsistent heat transfer from friction is not acceptable for the application of the clutch, or where inconsistencies due to frictional losses and slippages causes too much uncertainty, other clutch designs are utilised. One example is the electromagnetic clutch, which is often used in high speed high cycle rate manufacturing machinery, industrial food processing machines and industrial packaging machines (jbj technologies limited, 2021). Electromagnetic clutches, engage without any frictional losses - they are electrically activated they transmit torque mechanically. 

[image: Diagram

Description automatically generated]An electromagnetic clutch works by applying voltage/ current to the clutch coil, which then becomes an electromagnet, producing magnetic lines of flux which are transferred through the air gap . This magnetises the rotor which in turn attracts the armature which is then pulled against the rotor, engaging the rotor teeth to the armature teeth (Ogura Industrial Corp. , 2021). When electricity supply is cut off the clutch is disengaged (Safi, 2021).














(Ogura Industrial Corp. , 2021).


As there is no mechanical linkage to control engagement, electromagnet clutches provide fast and smooth operation, they also can be operated remotely without the need to be manned (Safi, 2021), making them particularly useful in manufacturing industries where there are pressures to reduce labour costs. 

Electromagnetic clutches should not be used for high rotary speeds of the driveshaft, otherwise damage will occur to the clutch  teeth (Kumar, 2021). They are also not suitable for high temperature environments which may cause damage to the electromagnet (Mecholic, 2021).

3. [bookmark: _Toc85356286]Conclusion
To conclude, the centrifugal clutch leverages the rotary motion of the driven shaft and the physical properties of the springs and shoes to automatically engage, thus it  is a cheaper clutch alternative as unlike the electromagnetic clutch, it does not require extra components to engage. The centrifugal clutch will always engage when the centrifugal force (based on the revolutions per minute) is high enough. It also engages automatically and under load making it easier to operate, however due to heat transfer and the wear of the friction lining, the centrifugal clutch is not suitable for applications where precision and lifelong repeatability of engagement at a specific RPM is imperative.

















4. [bookmark: _Ref84777043][bookmark: _Toc85356287]Task B 
[image: Draw the constructional details diagram of centrifugal clutch. Explain its  working principle | Mechanical Engg Diploma Topicwise Paper Solution]















Consider the centrifugal clutch above that comprises of four ‘shoes’ symmetrically attached to the ‘spider’.  Each shoe with its friction lining has a mass of 275 grams and is attached by means of a linear mechanical spring with a stiffness value of 7.5 kN/m.  The coefficient of friction of the material attached to the shoes is 0.35.  The centre of mass of each of the shoes is at a radius of 95 mm from the shaft centres in the rest position shown above and has a clearance distance of 9 mm to the outer drum.  The outer drum has a wall thickness of 4 mm.


1) What is the diameter of the outer drum?
2(95mm + 9mm)  = 208mm
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.
Engagement speed would require centrifugal force to outweigh spring force. 
First, we need to find Spring Force:




Centrifugal force can be found using:

Therefore

Therefore



Therefore


3) Calculate the radial force acting on the clutch face when the driving shaft is rotating at a speed of 550 RPM.
First convert 550 RPM to rad/s


	Using the equation for centripetal force as it is equal to the centrifugal force:





Minus spring force, calculated above as 


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

Torque capacity of a 4 shoe clutch is found using: 

where:
n = number of shoes
Fc = Centrifugal Force
Fs = Spring Force

First, we need to find Spring Force:




Therefore;




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
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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.

There is a positive correlation between the coefficient of friction and the torque transmitted. As the friction materials transmits the torque from the flyweight to the drum, the coefficient of friction will not only affect the engagement speed of the clutch but also the power transmitted through the clutch. The higher the coefficient of friction, the steeper the curve and thus stronger the relationship between RPM and torque.

7) For the maximum possible transmitted torque determined from either point 5 or 6 above, and given that the mass of the drum is 750 grams and can be considered as a solid disc, what is the angular acceleration of the drum to achieve the maximum possible torque?
The relationship between torque and angular acceleration is expressed as:

Rearranged to make angular acceleration the subject:

As the moment of inertia is still unknown, it must first be found before we can find angular acceleration:

As this is a solid disk rotating:


Therefore,


Therefore, using 204.58, the resulting Torque for a friction of coefficient of 0.4 at 700 RPM: 




8) At the maximum rotational speed of 700 RPM, for a single clutch shoe of effective 
dimensions 50 mm by 20 mm, what will be the direct stress experienced by the drum?  Why at this speed would the stress situation not be considered as a complex stress model
Stress can be found using:

First, we need to calculate centrifugal force:


Convert 700 RPM to rad/s for :


Therefore,



Then we need to calculate and detract spring force:





Therefore,



The above calculates stress inflicted on the drum by the shoes pushing into it, thus it is not a complex situation as it does not have stresses in two or more directions at the same time. At speeds where judder or deformities in the shoe shapes occur, complex stress will occur, where an uneven radius of gyration will cause additional stresses onto the drum to deform the shape / shear stresses will occur. 
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