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[bookmark: _heading=h.44sinio]Executive summary 

In Part A of this report, the development and evolution of the centrifugal friction clutch are meticulously detailed. The report comprehensively covers typical applications of the centrifugal friction clutch, outlining its advantages and disadvantages. Additionally, it delves into the materials used in the construction of these clutches, with a particular focus on the properties and performance of the friction materials employed.
Following this, the report transitions to an overview of the emergence and application of electromagnetic clutches. It discusses how and where these clutches are utilised, highlighting the differences between electromagnetic clutches and centrifugal friction clutches.
In Part B, the report presents methodologies for calculating the output of a centrifugal friction clutch. This section includes a series of equations designed to determine force, torque, and acceleration. Through these calculations, the report guides the reader toward understanding the maximum angular acceleration that the clutch can achieve under various conditions.
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[bookmark: _heading=h.49x2ik5]         Task A

[bookmark: _heading=h.2p2csry]The beginning. 
For machines to move at high speeds, handle heavy loads, reverse, and transition smoothly, a more complex power transmission system was needed, leading to the development of the clutch (Wemp, 1925). The centrifugal clutch, initially invented in the 1800s, was later adapted for small motor appliances by Thomas Fogarty in the 1940s (Lamelston, 2024). Various forms of clutches have been used before and after the centrifugal clutch, including torque limiters clutches, single plate clutches, multiplate clutches, cone clutches, hydraulic clutches, and electromagnetic clutches (Cope, 2021). Today, friction clutches are essential in machines for power transfer from the driving to the driven components in numerous applications (Jabbar, 2021).

[bookmark: _heading=h.147n2zr]How does it work?
In its idle position, the centrifugal friction clutch is disengaged, with the shoes held stationary by a spring connected to the spider. When the engine or motor starts, the drive shaft rotates, generating centrifugal force. As the rotational speed increases, this force overcomes the spring's tension, causing the shoes to move radially outward and engage the friction plate within the drum. When the friction linings on the shoes and the friction plate engage, the drum attached to the transmission shaft rotates. As acceleration and shaft RPM decrease, the centrifugal force diminishes, allowing the spring to retract the shoes from the friction plate and disengage the clutch (Crane, 2004).












[bookmark: _heading=h.3o7alnk]What is it made up of?[image: ]









(Yousef, 2023).
The centrifugal friction clutch is made up of many parts and materials, which all play their role in transmitting power. 
Drum: The drum encloses all of the clutch's internal parts and acts as its external shell.It is connected to the driven shaft and turns when the friction shoes make contact with its surface (Yousef, 2023). 
Clutch basket: The clutch basket holds the clutch plates until they are required. This sits stationary and does not move with the other elements (Yousef, 2023).
Key: The key is the part that connects the drive shaft to the clutch. When the motor or engine begins to rotate the shaft, the key engages with the keyway in the centre of the clutch and proceeds to rotate it (Yousef, 2023).
Spider: The spider functions as a series of uniformly spaced guides within the assembly.They serve to secure the springs in position and give the springs and shoes a clear path. Additionally, they aid in maintaining the shoes' position to support the assembly's balance (Yousef, 2023).
Clutch plates: These are fastened to the drum's inner surface, which is connected to the drive shaft. The friction lining that the shoes engage with is held in place by the plates. It is essentially a friction disc (Yousef, 2023).
Springs: The springs are connected at one end to the spider and at the other end to the shoes. These springs have a specific tension holding them in place away from the plates and friction lining. The springs extend when under centrifugal force and retract when the output of the engine drops (Yousef, 2023). 




Shoe: The shoes are attached to the springs inside the spider, which they use as a guideway. These are forced out when the shaft is rotated using the spider to allow it to move in a straight direction (Yousef, 2023). 
Friction lining: The friction lining is located on the end of the shoes. When centrifugal force is applied, the shoes move outwards by way of the centrifugal force overcoming the spring tension and making contact with the friction lining on the clutch plate (Yousef, 2023).

Steel and aluminium alloys are commonly used for clutch components due to their durability and wear resistance. Each material is selected based on the specific requirements of the clutch. Steel, while less effective at dissipating heat, offers greater durability and longevity. In contrast, aluminium alloy is lighter but less resistant to wear. Both materials provide a robust framework for the clutch, ensuring the necessary strength to withstand high centrifugal forces (Zheng et al., 2022).

[bookmark: _heading=h.23ckvvd]Friction lining material.  
Centrifugal friction clutches utilise various friction linings, each with distinct friction coefficients, cost, and durability. These linings include heavy-duty organic, Kevlar, ceramic, feramic, and organic materials (woven or molded). Organic materials are commonly used in low-torque applications, such as chainsaws, mopeds, and go-karts. Woven organic materials are preferred over moulded ones due to their superior burst strength and rotational speed capabilities (Phoenixfriction, 2019).
Organic linings are composed of compounded rubber, phenolic resins, and friction modifiers like metal oxides or metallic powder. Woven versions incorporate fibreglass for enhanced strength. This combination offers excellent performance, longevity, and cost-effectiveness (Phoenixfriction, 2019).
To determine the friction force of these materials, Coulomb’s friction laws are applied. The coefficient of friction is calculated by first determining the static friction  , and kinetic friction  , of the material and then averaging the results. Static friction is measured by applying a known force to the top material until it moves, while kinetic friction is the force required to maintain constant motion. The average result is used to apply Coulomb’s friction law, providing the material's frictional force (Popov, 2017).

[bookmark: _heading=h.ihv636]Judder
Centrifugal clutch judder, a primary issue, manifests as shuddering or vibrating during engagement. According to Li et al. (2016), judder often occurs due to friction discs slipping and sticking upon engagement. This issue, along with others like loose parts or contamination, can arise from the wear of friction surfaces over time (Yan, 2023). The friction torque during clutch slip is calculated using the equation:
 
where T represents torque, n is the number of surfaces, μ is the coefficient of friction, rr is the radius, and F is the force. However, this equation assumes a constant coefficient of friction, which may not hold true in stick-slip scenarios (Yan, 2023).
[bookmark: _heading=h.32hioqz]Where are they used?
The primary applications for centrifugal friction clutches are those that call for automatic power transfer. These are perfect for small machinery like chainsaws, lawn mowers, and pumps, as well as for smaller handheld devices like power tools, because they do not require a manual clutch and offer simplicity and reliability. These are also widely used in gokarts and mopeds  (Testbook. 2023). 

[bookmark: _heading=h.1hmsyys]Why are they used?
Utilising centrifugal clutch allows smooth acceleration of components from rest, thereby eliminating sudden shock loads. This characteristic renders it ideal for lower-power, smaller applications requiring rapid response times. By enabling smooth power engagement and preventing stalling during deceleration, this proves highly effective. The absence of teeth allows for engagement at any position, ensuring seamless operation (Lancaster, 2023; Hilton, 2022).







[bookmark: _heading=h.41mghml]Advantages and Disadvantages
There are many advantages, as well as disadvantages, of the centrifugal friction clutch. 
[bookmark: _heading=h.2grqrue]Advantages: 
· There is no need for manual control because they operate automatically. Additionally, this makes them lighter and easier to use, which makes them perfect for hand-controlled, smaller applications (Parinam, 2017).
· Reduces stalling as it disengages automatically at lower speeds (Parinam, 2017).
· It can prevent harmful effects on the engine and transmission by facilitating smooth engagement, preventing sudden shocks, and reducing strain on the transmission's components. (Parinam, 2017).
· They can serve as a safety feature since the clutch slips to prevent the machine from overloading when the torque increases too much (Hilton, 2022).
· Centrifugal clutches are less expensive than other types of clutches (Parinam, 2017).

[bookmark: _heading=h.vx1227]Disadvantages:
· The fixed engagement speed might not be within the engine's ideal range. Additionally, because it might only engage at an excessively high speed, it might not be appropriate for some applications (Parinam, 2017).
· They can lead to slippage at high speeds and power loss at low speeds, both of which can result in inefficient operation (Parinam, 2017).
· It is less suitable for high torque applications and heavy loads (Parinam, 2017).
· It can wear down and damage components because it continuously generates a lot of heat energy (Parinam, 2017).

[bookmark: _heading=h.3fwokq0]Where they are now. 
Clutches have evolved significantly, with the electromagnetic friction clutch being one of the latest advancements (Chowdhary et al., 2020). Patented by General Electronic Co. in 1929 (Google, 1929), they have only recently become mainstream.
An electromagnetic clutch comprises a rotor pulley, body, armature, coil, and friction lining. When DC current is supplied to the coil, the magnetised body attracts the armature, engaging the clutch and transferring torque based on the friction lining's coefficient (Özdemir and Hartomacıoğlu, 2022).
Used in tooling, lawnmowers, and small machinery, electromagnetic clutches offer precise control and soft starts, enhancing safety and equipment protection. They have replaced centrifugal friction clutches, especially with the advent of smart controllers, which were not previously feasible (Creative, 2024).
One of the most recent applications of an electromagnetic clutch is that of ones used in hybrid vehicles. The electromagnetic clutch is used to decouple the crankshaft pulley from the internal combustion engine sp the system can supply the air conditioning compressor directly with the belt starter generator without dragging the inertia of the engine during the cut off phases of the engine. This allows for much better efficiency as well as not allowing the air conditioning to cut out when activating the stop start function (Castellanos, 2024).
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(Yousef, 2023)


Number of shoes = 4
Shoe with friction lining mass = 275g = 
Spring stiffness = 7.5KN/m = 
Coefficient of friction = 0.35
Radius from centre of clutch to the edge of the shoes = 95mm = 
Clearance to outer drum = 9mm = 

[bookmark: _heading=h.4f1mdlm]Q1) 
       The diameter of the outer drum is:
       Shoes from shaft centre  = 95mm
       Clearance to outer drum = 9mm
       Drum thickness               = 4mm





[bookmark: _heading=h.2u6wntf]Q2) 
       
       To find , transpose the equation to get  on its own.
                                                          




[bookmark: _heading=h.19c6y18]Q3) 
                Radius = 
       Speed (N) =   

       Find the force using:                      



       Remove the tension force of the spring:
Tension force




[bookmark: _heading=h.3tbugp1]Q4) 
       Find the torque using:               



      Then include the coefficient of friction: 


      Because there are 4 shoes in total:



[bookmark: _heading=h.28h4qwu]Q5) 
       Use the following equation to find the force at each rpm:


     
       Then use the values from the above to calculate the torque using:



The values of the forces from each RPM and the consequently the values of torque have all been worked out from an RPM of 450 RPM to 700 RPM, have all been detailed and listed in the chart and table below. 
[image: ][image: ]
Q6) 
Following from the figures obtained in question 5 for force and torque, new values for torque were worked out using a coefficient of 0.3 and 0.4. These new figures can be found in the table below, along with a chart showing the comparison between the RPM and torque with the different coefficient levels. [image: ][image: ]

From the table and chart above, it can be seen that a higher torque at the same RPM is the result of a higher coefficient of friction. This is due to the fact that more friction improves the clutch shoes' and drum's grip, enabling more efficient torque transfer.
The torque rises steadily across all coefficients of friction as the RPM rises. This is to be expected since greater centrifugal force produced by higher RPMs causes the clutch shoes to engage with the drum more firmly.
There is an increase in torque results from raising the coefficient of friction and RPM simultaneously. The greatest torque values are found at the highest RPM and friction coefficient, suggesting that these variables work collectively.
This can be proved by looking at the highest RPM of 700 with the highest coefficient of 0.4 leading to the highest torque results. 


[bookmark: _heading=h.nmf14n]Q7)
       Calculate the moment of inertia using 





       Workout the acceleration using:





[bookmark: _heading=h.37m2jsg]Q8)
       Radius = 
       Breaking force = 500N
       Moment of inertia drum =       
                                                           
       Workout the breaking torque using:




       Workout the angular acceleration of the shaft using:




Workout the maximum possible angular acceleration Using the answer from   question 7):
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6 0.275]6.283185307| 500] 60| 2| 2741.556778]0.104] 7500 0.009] 67.5] 78.40852385| _ 10.91 159 500 159
7 0.275]6.283185307| 525] 60| 2| 3022.566348] 0.104] 7500]0.009] 67.5] 86.44539755| _ 18.95 276 525 2.76
8 0.275]6.283185307| 550] 60| 2| 3317.283701]0.104] 7500 0.009] 67.5] 94.87431386| _ 27.37 3.99 550 3.99
9 0.275]6.283185307| 575] 60| 2| 3625.708839]0.104] 7500 0.009] 67.5] 103.6952728] _ 36.20 527 575 5.27
10 0.275]6.283185307| 600] 60| 2| 3947.84176]0.104] 7500[0.009] 67.5] 112.9082743| _ 45.41 6.61 600 6.61
1 0.275]6.283185307| 625] 60| 2| 4283.682466]0.104] 7500[0.009] 67.5] 122.5133185| _ 55.01 8.01 625 8.01
12 0.275]6.283185307 650] 60| 2| 4633.230955]0.104] 7500[0.009] 67.5] 132.5104053| _ 65.01 0.47 650 9.47
13 0.275]6.283185307 675] 60| 2| 4996.487228]0.104] 7500 0.009] 67.5| 142.8095347| _ 75.40 10.98 675 10.98
14 0.275]6.283185307 700] 60] 2[ 5373.451285[ 0.104] 7500[0.009] 67.5] 153.6807068]  86.18 1255 700 1255
15
16
7 RPM__|[Torque (Nm) (0.3 coefficient) | Torque (Nm) (0.35 coefficient)| Torque (Nm) (0.4 coefficient)
18 450 050 058 0.6
1 475 041 048 054
2 500 136 159 182
2 525 236 276 315
2 550 342 3.99 456
2 575 452 527 6.02
2 600 5.67 6.61 7.56
2 625 6.87 8.01 215
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