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The friction clutch is a mechanical device operating a mechanism that transfers power from the engine to the drive shaft. The friction clutch was designed to give power almost immediately to the engine when the throttle was either engaged or disengaged, allowing a start or stop function. This was typically used for lawnmowers, go-karts, and chainsaws. When the engine was to run idle, the centrifugal force would not be enough to pull the springs apart and cause the shoes or pads to engage. The drive shafts in the vehicles accomplished this (Mohammed Mohaideen, M. et al., 2023).
The clutch operation focuses on input and output power. The clutch shoes within the centrifugal clutch play a vital role in the friction clutch system. When the car engine revs are low, the centrifugal force is not high enough to overcome the pressure held by the springs, so this allows them to hold the clutch shoes or pads together. However, when power is increased and the centrifugal force increases, this pushes the clutch shoes apart, allowing the clutch to become engaged (Cirelli, M., et al. 2021; Mileti, M., et al, 2021). 

[image: Diagram of a clutch and clutch transmission

Description automatically generated with medium confidence] Figure 1. (O’Keefe, P.J. 2016).

As seen in Figure 1, the original centrifugal clutch was not designed as efficiently as possible. Once technological advances took place, computer programmes could evaluate the most efficient materials through analysis of the potential stresses, strains, torsion, centrifugal forces, temperature and heat resistance. Consequently, materials were then adapted and changed to best suit the desired outcome. This also applies to the advances in manufacturing processes. The early-stage friction clutches usually consisted of two pressure plates and springs, which were subjected to extreme pressure and heat and had to be maintained quite often as these were made from cast iron (Orthwein, W., 2004).
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The history and development of the centrifugal clutch dates to the 20th century. Initially used in locomotives, they proceeded to move into the automotive industry closer to the 1900s (O’Keefe, P.J. 2016). Today’s era allows the designer or engineer to use the latest and newest technology to overcome unforeseen circumstances that were impossible to detect in the late 1900s. A recent study by Mohammed Mohaideen, M. et al. (2023) which allowed them to use the finite element method (FEM), further allowing designers to use modelling software to see the stress and strain on the selected material. During the initial testing phases of the centrifugal friction clutch, they realised there were immense jolts of thrusting power acting upon the plates (Dekhanov, V.I. & Petrov, G.N., 1970). To achieve a smooth transition from the engine to the output of the driven component, specific materials had to be used and tested, as friction in the clutch created tremendous amounts of heat over time. This would lead to fatigue and cracking. Furthermore, this led to more scheduled maintenance requirements and a higher cost for replacing materials and parts (Pang, H., Wang, N. & Li, M., 2019). 


[image: Diagram of a clutch with text and words

Description automatically generated] Yousef. (2023). 

From experimental testing of the clutch and new technological advances, the centrifugal clutch was adapted, as seen above in Figure 2. The material choice was also adapted to allow it to start progressing to the more straightforward clutch system that was used in the 2000s. This also features a four-pad/shoe clutch system, which enables the heat to be shared quarterly rather than half. This was an advantageous development as it allowed for better heat dissipation, making the clutch more efficient. In addition, the modernised centrifugal friction clutch became more dependable and cheaper to afford rather than their competitors, such as the newer electromagnetic clutch (Pon, A. et al., 2023). The small clutch system has moved away from cars and is now more dependent on being used for lawnmowers, go-karts and scooters due to its lightweight properties. Due to the automotive section needing a constant change of speed, it is much harder to engage and disengage a centrifugal clutch when it is in motion (Pithe, L.V. & Badadhe, A.M., 2021). The typical choice of material for friction shoes or pads became the most optimal part as depending on load and torque requirements also came with cost and maintenance requirements. Material choices ranged from organic (such as metallic powders or metal oxides), ceramic (a mixture of copper, iron or graphite) and finally, cast iron or high-carbon steels. The material selection also depends on the dynamics that the clutch is subjected to. The dry clutch operates by friction, so when the clutch system becomes engaged, there is a sliding contact between the plates. The initial rise in temperature is extreme and rapid, where kinetic energy is also transferred into heat in a short period of time (Panchal, D., Patel, B. & Gohil, H., 2023). Once used after the initial rise in temperature, the clutch then stabilises itself at an operating temperature. This can depend on the choice of material used and other factors such as weather and driving characteristics. If the clutch is subjected to increased torque continuously, the clutch comes under more thermomechanical stresses due to the clutch becoming engaged and disengaged often. This is followed by other mechanical stresses due to the pressure and centrifugal effect of the engine rotating (Flament, C. et al., 2023). 
	The fluid clutch is almost identical, however often it is seen in environments that suit more precise control and higher efficiency and where reliability is suited over cost. In the automotive industry, the fluid clutch is likely to be seen with vehicles which require higher forces of torque, such as tractors, excavators and other agricultural and construction machinery. They are further used in machine tools such as lathes (Pointner-Gabriel, L., et al., 2023). The fluid clutch is regulated by using a master cylinder to control the flow of the hydraulic fluid, so that when the clutch pedal is pressed and engaged, the fluid is then pressurised and allows the power to be transferred from the engine to the output drive shaft. Whereas the dry friction centrifugal clutch relies on the displacement of heat and the material choice used, the fluid clutch offers a much longer life span and therefore reduced maintenance costs (Kikuchi, T., et al. 2021; Olszak, A. et al. 2016). 
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(Hydraulic release system, 2023).
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The electromagnetic clutch has been developed over time to replace the old and conventional friction and fluid clutches. Electromagnetic clutches have revolutionised how we can operate power transmission systems and offer precision control and stability with enhanced performance in the maintenance and mechanical sectors. The rapid response times and precision control allow them to be engaged and disengaged with great speed and ease. Making them the clear favourite for conveyor belt systems that require a start-stop function in factory settings (Chen, G. and Zhang, W. 2015). The cost around the electromagnetic clutch, however, is slightly more expensive than its predecessor. The increased costs however are attributed to the less mechanical maintenance required, the increased ability to control the systems it had been integrated into and the lifespan. The added costs grant the long-term benefits of maintained productivity and performance. Material selection is also again essential for different clutches. Whereas the friction centrifugal clutch relies on heat displacement due to the friction caused between the plates, the old system used potentially asbestos materials and has now changed to more organic composites (Chowdhary, A., Kumar, A. and Singh, S.K. 2020).  The electromagnetic clutch revolves around materials that have electric solid principles, whereas the housing for the components is made of strong, durable materials such as aluminium or steel. The armature plate is what engages with the input driving force or element when the electromagnetic clutch is engaged. It is usually made from ferrous materials that have a high magnetic field, which is critical to the performance of the clutch. The price difference, although not specific, can be put down to the benefits of long-term productivity, performance and control (Ranjan, A. et al. 2017). 


[image: Diagram of a mechanical clutch with text and symbols
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Figure 3. (Electromagnetic Clutch (2023)







[bookmark: _Toc150118200]Task B

[image: Draw the constructional details diagram of centrifugal clutch. Explain its  working principle | Mechanical Engg Diploma Topicwise Paper Solution]
Figure 4, centrifugal clutch
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1)
The centre of mass of each of the shoes is at a radius of 95mm, the clearance has a distance of 9mm to the outer drum and the drum wall thickness is 4mm

Therefore =  = 

108 X 2 = 216mm / 
















[bookmark: _Toc150118202]2) Given spring stiffness = k 
X = 9mm =   clearance
Work done = force x distance = Fs
Spring stiffness = N
Mass = 275g 

Spring force =   therefore 
Therefore     = 

Centripetal force formula / transpose it for speed (w = speed) 


Due to newtons 3rd law of motion, the reaction is inwards due to the centripetal force, which is equal in magnitude but opposite in direction.

W = speed at radius (r)
M = mass 






Radius = 95mm + 9mm = 



W = 48.581 Rad/s

Convert rad/s into RPM 

 = The angular velocity 

W = 48.581 X 

W = 463.91 RPM

W = 464 RPM
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                (centripetal force formula)

W = 550 RPM            
    
           (converting from RPM back to rad/s)

W =57.60rad/s 
                      
Fc =    
(force acting upon the inner drum, spring forces act upon) 
F = 94.887N – the spring force = 67.5N 

F= 27.387N  / This figure is for one shoe and not four; therefore, it must be multiplied by 4 for the correct figure of F

F = 27.387 X 4 
F = 109.548N






[bookmark: _Toc150118204]4) When the force acts perpendicular to the body, that causes it to rotate about a fixed point, in this case, the shaft, the distance between the applied force and the fixed shaft is a radius. 

Torque Transmitter 
 (Nm) 

 = 11.4

In the question statement, the coefficient of friction is given as 0.35

T = 3.99Nm
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These graphs show the points plotted for the transmitted torque at the shaft for RPM in increments of 25. 
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Figure 5, Excel spreadsheet containing all relevant information


Figure 6, Line graph showing increase of torque as the RPM increases
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When undertaking the same principle for a different coefficent of torque there is noticeable difference in comparing the torque required to move the car to a set RPM. Assuming the mass stays the same the higher the torque means the more work done created. The higher the coefficieny of friction rating means a greater torque is also required. 

Figure 7, Line graph showing increase of torque as the RPM increases





Figure 8, Line graph showing increase of torque as the RPM increases





Figure 9, Line graph showing all three torque settings which shows the increase of torque as the RPM accelerates.
Although we can see at 450 RPM neither clutches are engaged but once we hit the threshold of RPM the torque is increasing as the coefficieny of friction increases.
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14.34 = t 
750g = m 
Solid disc = radius r .= i =mk2 
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The developments of the centrifugal clutch have come a long way since its patents in 1898. One of the primary motives for this was that the centrifugal clutch was becoming heavily used in the automotive and other industries. The short life span of the component at the As safety and risk mitigation became the focus on industries, itw as a requirement to ensure materials used were of least risk to those operating them. It appears the enhanced performance over the years has come from the development of the clutch shoe itself, by the vast improvement of heat dissipation from two clutch shoes to four. This allowed for a higher tolerance and the heat transfer was shared. The renewal of materials from asbestos to cast iron and then organic materials also played an extended role in the life span of the clutch. This was also another improvement as asbestos became a health risk as it contained harmful material. The cost of the clutch necessarily did not rise as much as expected due to the routine maintenance becoming less and the overall improved performance. However, the reliability of the new electromagnetic clutch for the commercial sector for automation was a huge success. The ability to start and stop with a minimised risk of breakdown led to once again improved performances. Although at a higher initial cost, it appeared extremely beneficial for the sector. 
During task B, we can recognise how much data and forces are applied and used to the clutch at any given time. It can also be noticed that the higher the friction the more torque and force are needed to apply before the clutch can become engaged and that in turn can could create more heat and result in a higher failure rate.  
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