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[bookmark: _Toc182260291]Introduction
The clutch was a transformative discovery in the field of engineering, specifically for automotive and industrial machinery. It enabled advanced control over speeds and torque between two rotating shafts either by manual, automatic electrical, or automatic mechanical intervention.
The device has the ability to engage or disengage a driver shaft from a driven shaft. The driver shaft is controlled by a prime mover (for example, an engine, motor, generator, etc.). While the driven shaft is a free spinning idler shaft that gains its angular velocity from its engagement through the clutch with the driven shaft (Childs, 2014). 
[bookmark: _Toc182260292]Aims
This report will mainly focus on one clutch in particular, the centrifugal friction clutch. Its history, modern applications, the common design, and advantages/disadvantages, and mathematical calculations for various variables within the system. It will also consider the electromagnetic clutch and how it differs in its function and modern application.
[bookmark: _Toc182260293]Objectives
· Consider the most efficient friction materials for the centrifugal clutch.
· Research the development of the centrifugal clutch.
· Compare the applications of centrifugal and electromagnetic clutches.
· Simulate centrifugal clutch engagement speed, radial force, and torque through mathematical equations.


[bookmark: _Toc182260294]Centrifugal clutch
A centrifugal clutch engages and disengages automatically when the desired rotational speed of the driver shaft is reached. Engagement is achieved using shoe springs with a specific stiffness constant. These are calibrated to allow the full extension of the shoes from the spider assembly once the required centrifugal force exceeds the opposing spring force, the friction of the shoes lining mates with the internal surface of the driven shafts cylindrical drum. This causes the driven shaft, after some slipping to match the speed of the driver shaft. When the driver shaft slows to the point where the centrifugal force no longer exceeds the spring force, the shoes are pulled in by the retraction of the springs. Thus, no longer causing a mated surface with the driven shaft allowing it to slow down via energy loss (friction, drag, vibrational/torsional) which differs per system (Pandit, et al., 2017).
[image: Diagram of a clutch with text and diagrams
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[bookmark: _Toc182260304]Figure 1 - Parts of a centrifugal clutch (Yousef, 2024)
Centrifugal clutches are a type of friction clutch, which transmit torque between the driving shaft and the driven shaft using contact surfaces (in this case, the sliding shoes). Friction clutches are the most common and examples include cone and disk clutches (Virmani, et al., 2021).
[bookmark: _Toc182260295]Materials
In terms of optimising the design of a friction clutch, the most important consideration to make would be the material composition of the friction lining on the sliding shoe and the material of the drum it mates with. This material’s properties should exhibit the following requirements:
· A high, stable coefficient of friction – To provide better grip against the inside of the driven shaft’s cylindrical drum.
· A high resistance to wear – to ensure the durability of the material on the mechanism and life service of the part.
· A high thermal conductivity – to dissipate the heat built up from friction when the clutch slips during engagement (Virmani, et al., 2021).
Early clutches as stated by the society of automotive engineers in 1925 were made from cast iron for both the drum and the friction surfaces (Wemp, 1925). Today, the drum is typically made from cast iron or steel alloy, and the interchangeable friction lining is made from materials such as fibreglass, advanced ceramics, sintered metals, or Kevlar (Virmani, et al., 2021).
In a 2021 material study, comparing the coefficient of friction of five commonly used materials, their required engagement applied pressure, and their wear deformation under stress were measured to find the best material to meet the previously stated properties.
[bookmark: _Toc182260307]Table 1- friction lining material coefficient of friction (Virmani, et al., 2021)
[image: A screenshot of a computer

Description automatically generated]
The highest coefficient of friction materials selected are Kevlar and E-glass epoxy.
[bookmark: _Toc182260308]Table 2- friction lining application pressure required (Virmani, et al., 2021)
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The required pressure to engage the clutch is lower as the friction lining’s coefficient of friction increases.
[bookmark: _Toc182260309]Table 3- friction lining wear deformation test (Virmani, et al., 2021)
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Description automatically generated]
Although E-glass epoxy and Kevlar had the highest coefficient of friction and the lowest application pressure they both have the highest total wear deformation at 13.88µm and 15.27µm respectively.
The lowest deformation on the table, ceramic at 3.88µm also happens to be the next best material for the previous two tables. Making it the clear victor concluded in this study (Virmani, et al., 2021).
Another study was conducted in 2023 comparing E glass epoxy, ceramic (silicon carbide), and an aluminium alloy (grade 6061) not previously considered in Virmani’s 2021 study. Although the plate had a different design in the two studies, it is clear that aluminium outperformed the other materials for stress, strain, temperature effects, and deformation (Vardhan, et al., 2023).
[bookmark: _Toc182260296]Applications
Early accounts of centrifugal clutches show up in historic discussions and patents. In the minutes of proceedings of the institution of civil engineers in 1837-1841, the use of an oscillating clutch is mentioned being used on steam engines for experimental journeys (Anon., 1837). 
The centrifugal clutch then started appearing in patents in early cars, such as ‘W.A. Crowdus’ automobile vehicle’ (Crowdus, 1898). When the internal combustion engine was developed for cars, the centrifugal clutch was brought in to automatically disengage the clutch and take the car out of drive when the speed dropped too low, and an engine stall was imminent. However, due to the development of more advanced clutches, the use in cars dissipated (Tridgell, 1969).
Now, centrifugal clutches are used mostly in controlling low power devices such as string trimmers, chainsaws, radio-controlled vehicles, and go-karts. The simplicity and cost effectiveness of the centrifugal clutch allows them to still be used in these devices over newer solutions such as the electromagnetic clutch (Crane, 2003). 
[bookmark: _Toc182260297]Advantages and disadvantages 
Advantages:
· As the clutch engages and disengages from torque produced by drive rotational speed, it is fully automatic without any external power required (Pandit, et al., 2017).
· In applications with engines such as the chainsaws, the centrifugal clutch allows the engine to idle without stalling (Pandit, et al., 2017).
· It’s a simple and cheap design for load power applications with fewer components required (Crane, 2003). 
Disadvantages
· Automatic nature of the clutch offers limited control over engagement. This is not always suitable.
· The clutch can slip which reduces efficiency.
· Heat is generated by the friction of the shoe lining.
· The friction causes wear on the mating parts of the clutch (Pandit, et al., 2017).

[bookmark: _Toc182260298]Electromagnetic clutch
The electromagnetic clutch functions using a magnetic field generated by passing electric current through a copper coil. Although actuated electronically, they still transmit torque mechanically through friction (Özdemir & Hartomacioglu, 2022).
There are types of electromagnetic clutches known as hysteresis and eddy-current clutches which function with no mechanical contact between the shafts (Schlater, 2011) unlike the electromagnetic friction clutch.
[image: Diagram of a mechanical part with text
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[bookmark: _Toc182260305]Figure 2- Diagram of electromagnetic clutch (Özdemir & Hartomacioglu, 2022)
[bookmark: _Toc182260299]Applications
The applications for the electromagnetic clutch take advantage of its safety such as in machine tool gearboxes, computer numerical control (CNC) machine tools (Childs, 2014).
Some industrial applications of the electromagnetic clutch involve a clutch and brake combination for systems such as coupling/uncoupling power or sensing devices, calibration protection, servo-motor brakes, adding/subtracting inputs, and controlling differential outputs (Schlater, 2011).
[bookmark: _Toc182260300]Advantages and disadvantages 
The electromagnetic clutch is useful for remote actuation, as it is controlled electronically and can be integrated into a circuit. This allows more control, with the addition of sensors and switches, on what activates the clutch. This means the clutch is able to be automated for a process, this is highly advantageous in an industrial setting. The electronic nature of the clutch also means it is much smoother than a purely mechanical one. It also allows much higher response time, thus is much quicker to engage and disengage (Özdemir & Hartomacioglu, 2022).
For the hysteresis and eddy-current clutches the largest contribution to the smooth and quiet actuation is the use of the magnetic field to couple the rotating components together. This also means the only wearing parts are the bearings, which gives these clutches a much longer service life than the friction electromagnetic clutches (Childs, 2014).
The clutch does have a maximum operating temperature which is determined by the insulation of the electromagnet. This is due to energy being transferred to heat within the actuator when the clutch is activated (Özdemir & Hartomacioglu, 2022).

[bookmark: _Toc182260301]Comparison / Conclusion
The simple, cheap, compact, and mechanical nature of centrifugal clutches make them still occasionally viable within small low powered applications. But for applications where fine control and safety is paramount, such as an industrial setting, the electromagnetic clutches are much safer. This is due to its high response time, and ability to control electronically.

[bookmark: _Toc182260302]Mathematic calculations and formulae
1)
Rshoe = 95x10-3 = 0.095m
Rdrum = 9x10-3 = 0.009m
Tdrum = 4x10-3 = 0.004m

Inside drum diameter: (Rshoe + Rdrum) x2
= (0.095 + 0.009) * 2
= 0.208m
Outside drum diameter: Inside drum diameter + Tdrum
= 0.208 + 0.004
= 0.212m

2)
k = 7.5x103 = 7500N/m
ΔL = 9x10-3 = 0.009m
m = 0.275
ω = ?

Centrifugal force:
Fc = m ω2 R
Fs = K ΔL
Fc = Fs
m ω2 R = K ΔL



RPM:



3)
RPM to rad/s
Speed = 
Speed = 57.6 rad/s

Centrifugal force:
Fc = m ω2 R
FC 
FC = 86.68N

Spring force:
Fs = K ΔL
Fs = 
Fs = 67.5N

Ft = Fc – Fs
Ft = 86.68 – 67.5
Ft = 19.18N
4)
Friction force:
Ff = µ Ft 
Ff = 0.35x19.18
Ff = 6.713N

Torque:
T = Ff  Rinner x (Number of shoes)
T = 6.713 x 0.104 x 4 
T = 2.792N/m


5 & 6:
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[bookmark: _Toc182260306]Figure 3 - Excel spreadsheet of transmitted torque by RPM and co-efficient of friction
As the coefficient was increased, the torque transferred into the driven shaft increased more as the angular velocity was increased. This allows the clutch to engage more effectively at lower speeds. The green line (a coefficient of 0.4) calculated the most torque.
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