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[bookmark: _Toc150077629]Introduction
Centrifugal clutches were a critical component of power transfer in a variety of small motor devices. They have evolved significantly over the last century. Although their importance in modern mechanical systems has declined due to the advancement of fluid mechanical clutches, understanding the development, applications, materials, operating conditions, and advantages of centrifugal clutches is still important when understanding their significance and potential relevance today. Furthermore, electromagnetic clutches have evolved into novel solutions with advantages for enhancing efficiency and precision in the ever-changing sector of automation and production. We will delve into the world of centrifugal clutches in this project, investigating their history and importance in specific applications. Simultaneously, we'll look at the new automation landscape, where electromagnetic clutches are changing the way electricity is regulated and controlled.

[bookmark: _Toc150077630]What is a Centrifugal Clutch?
A centrifugal clutch is a mechanical device designed to provide automatic power transfer during engagement and disengagement between a driving source, often an engine, and a driven component, such as a wheel or a shaft. Centrifugal clutches are frequently employed with engines since they cannot be started under load, according to Patton (1980). The approach is based on the concept of centrifugal force. As the rotational speed of the engine increases, centrifugal force causes the clutch mechanism to engage, allowing power transfer. A drop in engine speed, on the other hand, results in disengagement, allowing the engine to run without directly pushing the load. According to the BLM Team (2019), this clever design is widely employed in a variety of applications, including go-karts, chainsaws, and lawnmowers, where it allows flawless power transmission with minimal user involvement. The diagram below by Kholil et al. (2021) depicts the most significant sections of the centrifugal clutch.
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Figure 1 – Diagram of centrifugal Clutch by Kholil et al. (2021)

[bookmark: _Toc150077631]Development of the Centrifugal Friction Clutch
The centrifugal clutch has evolved over time as a result of the pursuit of greater efficiency and user-friendliness in a variety of applications. The centrifugal clutch was first utilised in motor vehicles by British manufacturer Armstong Siddeley in 1936, according to MechStudies (2021). The article also states that, Thomas Fogarty, together with Armstrong Siddely, invented the centrifugal clutch. Centrifugal clutches became common during this time period in applications such as lawnmowers, small tractors, and stationary engines. These clutches were distinguished by their simple design, which had weighted arms or shoes that swung outward as the engine's speed increased, engaging the clutch to convey power. 

Advances in materials, manufacturing techniques, and design have improved the clutch's performance, durability, and adaptability over time. Advanced alloys and friction linings, precision machining, and design advances have all contributed to centrifugal clutch durability in a variety of applications. These clutches have made their way into tiny vehicles, industrial machinery, and even automotive transmissions, demonstrating their adaptability and longevity.

[bookmark: _Toc150077632]Materials Used in a Centrifugal Clutch
The materials used in centrifugal clutches have a significant impact on their performance, longevity, and reliability. The materials used in centrifugal clutch components are chosen based on criteria such as friction, wear resistance, heat dissipation, and overall mechanical strength. Here are some of the most frequent materials found in centrifugal clutches:

1. Clutch Shoes or Weights:
· Steel: Steel is a commonly used material for the shoes or weights in centrifugal clutches. It offers good mechanical strength and durability.

2. Friction Materials: 
· Some clutch shoes or weights are equipped with friction materials, such as composite materials or ceramics, to improve engagement and disengagement efficiency. These materials offer excellent friction properties and wear resistance. According to Li, Huang and Lin (2016) the materials used in the clutch can have a significant impact on the ‘judder’ when the clutch is engaging and disengaging.  

3. Clutch Drum or Bell:
· Cast Iron: The clutch drum or bell is often made from cast iron due to its excellent heat dissipation properties. It can handle the heat generated during clutch engagement without deforming.
· Aluminium: In some applications, aluminium is used to reduce weight and enhance heat dissipation. However, it may not be as durable as cast iron.

4. Bearings and Bushings:
· Bronze: Bearings and bushings in centrifugal clutches may use bronze due to its self-lubricating properties, which reduce friction and wear. Bronze is also corrosion resistant.
· Steel: Steel bearings are used in some centrifugal clutches for their strength and load-bearing capacity.

5. Springs:
· Spring Steel: Springs in centrifugal clutches are typically made of spring steel due to its ability to withstand repeated compression and expansion cycles without deformation.

6. Housings and Frames:
· Cast Aluminium: In some centrifugal clutches, the housing or frame components are made from cast aluminium to reduce overall weight. Aluminium is also corrosion-resistant and offers good thermal conductivity.

7. Fasteners:
· Steel or Stainless Steel: Fasteners, such as bolts and nuts, are often made from steel or stainless steel for their strength and corrosion resistance.

The materials used for each component are determined by the unique application and operating circumstances of the centrifugal clutch. Superior wear resistance and heat dissipation capabilities may be preferred in high-performance or heavy-duty applications. Lightweight materials, such as aluminium, on the other hand, might be useful in applications where weight reduction is crucial. Material selection is critical to ensuring the longevity and efficiency of centrifugal clutches in diverse machinery and equipment.

[bookmark: _Toc150077633]Applications and Operating Conditions for a Centrifugal Clutch
Centrifugal clutches are used in a wide range of equipment and technology, particularly when automatic power transfer regulation based on engine speed is required. According to Parrish (2016), they are suitable for tiny engine-powered devices such as go-karts, chainsaws, and lawnmowers because they provide the convenience of automatic engagement and disengagement. They are integrated into power take-off (PTO) systems such as stationary engines in industrial environments, where they can manage huge loads and high torque needs.

The operating conditions for centrifugal clutches vary, but often require a range of engine speeds, with the clutch engaging and disengaging as needed. This enables the clutch to optimise performance and safety. These clutches act as safety measures in devices such as chainsaws by allowing the chain to remain motionless while the engine is still running. This allows the operator to leave the saw running while performing other duties and then return to usage without having to restart the chainsaw. This can enhance fuel efficiency and contribute to less equipment wear and tear on devices like starter motors.

[bookmark: _Toc150077634]Advantages and disadvantages of a Centrifugal Clutch
Centrifugal clutches have several key benefits. Their automatic power transmission engagement and disengagement simplifies operation, especially in applications such as go-karts and chainsaws. They also improve safety by eliminating engine jolts or stalls, lowering the danger of an accident. When the optimal RPM and torque are attained, the spring force and shoe weights can be designed to allow the driving element to contact. Centrifugal clutches improve vehicle fuel efficiency by allowing the engine to run at its optimal speed. Furthermore, by minimising excessive loading, they reduce equipment wear and tear. Centrifugal clutches are valuable components in many equipment and vehicles due to their low maintenance requirements, dependability, and adaptability.

While centrifugal clutches are useful in a variety of applications, they do have significant drawbacks. One significant disadvantage is their inability to deliver precise and controlled interaction. Because they rely on centrifugal force to operate, they may not provide the amount of control required in situations requiring smooth and gradual engagement. Furthermore, they are less suitable for high-torque applications, which require more robust and complicated clutch systems. Furthermore, wear and tear on the friction material in centrifugal clutches can necessitate periodic maintenance and replacement, raising operational expenses over time.

[bookmark: _Toc150077635]Current Applications of Electromagnetic Clutches in Modern Automation of Manufacturing Processes
Electromagnetic clutches have evolved as key automation and control components in modern production. These clutches work on the idea of electromagnetic attraction and can engage and disengage power transmission with extreme precision. This enables them to be remotely controlled using devices such as solenoid valves and PLCs. They are used in a wide range of automated procedures to improve efficiency and control.

Electromagnetic clutches are used in automatic gearboxes in the automotive industry to regulate torque converter lock-up and engagement. They help to increased fuel efficiency and smoother gear shifts by optimising the link between the engine and the transmission. According to Carandbiketeam (2021), this makes them ideal for paddle shift systems, in which the paddles send electrical impulses to the clutch and gearbox to change gears.

Industrial Robotics: According to SEPAC, Inc (n.d.), electromagnetic clutches are crucial components of industrial robots that require precise control of rotational movements. These clutches allow robots to accomplish complex jobs with extreme precision and responsiveness.

Vehicle water pumps: Electromagnetic clutches in car engine cooling systems that provide variable and temperature-responsive operation of cooling fans and water pumps to save fuel usage. They minimise parasitic losses by disengaging when not needed, ensuring the engine functions at its most efficient state, according to Shin, Kim, and Kim (2013). This not only saves fuel during city driving or low-load conditions, but it also allows for faster engine warm-up, resulting in better overall fuel economy and lower emissions.

Printers and Copiers: Electromagnetic clutches are even employed in office equipment such as printers and copiers, according to Piao et al. (2010). Electromagnetic clutches manage paper feeding and various paper handling processes. Their capacity to offer precise and synchronised motion is critical for producing consistent and high-quality results.

[bookmark: _Toc150077636]Conclusion
Centrifugal clutches have played an important part in many different disciplines of mechanical power transmission. Many devices' efficiency, convenience of use, and safety have increased as a result of their capacity to autonomously engage and disengage driving components. The development of centrifugal clutches exemplifies the desire of dependability and performance. Material optimisation has made the same core design more efficient in their respective applications.

Electromagnetic clutches, on the other hand, have had a considerable impact on modern production automation. Their accuracy, responsiveness, and dependability have found use in essential industries ranging from automobile engineering to manufacturing robotics and office automation. As technology advances, these clutches will play an increasingly important role in moulding the future of manufacturing processes, increasing efficiency and control.
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Figure 2 – Scatter chart illustrating output torque from 400-700 RPM when there is a 0.35 coefficient of friction
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Figure 3 – Scatter chart illustrating the different output torques from 400-700 RPM when there is varying coefficient of friction

The graph above clearly shows that higher torque values are directly connected with higher levels of friction. Torque output decreases in the absence of appropriate friction, making the clutch prone to slippage. External pressures on the driven shaft could easily overcome the insufficient friction force in such cases, jeopardising the clutch's performance and reliability.
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Figure 4 – Chart data for task B Question 5 & 6
Output Torque from 400-700 RPM with 0.35 Coefficient of Friction (N-m)

Output Torque with 0.35 Friction (N-m)	450	475	500	525	550	575	600	625	650	675	700	9.2471876715539221	10.303193671083232	11.416281075992497	12.586449886281729	13.81370010195092	15.098031723000076	16.439444749429196	17.83793918123828	19.293515018427321	20.80617226099632	22.375910908945293	Speed (RPM)


Output Torque (N-m)



Output Torque Comparison from 400-700RPM with varying coefficient of friction
Output Torque with 0.35 Friction (N-m)	450	475	500	525	550	575	600	625	650	675	700	9.2471876715539221	10.303193671083232	11.416281075992497	12.586449886281729	13.81370010195092	15.098031723000076	16.439444749429196	17.83793918123828	19.293515018427321	20.80617226099632	22.375910908945293	Output Torque with 0.3 Friction (N-m)	450	475	500	525	550	575	600	625	650	675	700	7.9261608613319341	8.831308860928484	9.7853837794221405	10.788385616812912	11.840314373100789	12.94117004828578	14.090952642367883	15.289662155347099	16.537298587223418	17.833861937996847	19.179352207667396	Output Torque with 0.4 Friction (N-m)	450	475	500	525	550	575	600	625	650	675	700	10.568214481775913	11.77507848123798	13.047178372562854	14.38451415575055	15.787085830801054	17.254893397714376	18.787936856490514	20.386216207129465	22.049731449631228	23.778482583995796	25.572469610223195	Speed (RPM)

Output Torque (Nm)
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