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Introduction  

The history of clutches is marked by continuous innovation, with centrifugal clutches playing a significant role in small motor equipment. This assignment traces the evolution of centrifugal clutches, examining their development, materials, applications, advantages, and the emergence of electromagnetic clutches in contemporary manufacturing. Centrifugal clutches have shown to be invaluable in a variety of applications, from industrial gear to go-karts and small utility vehicles. Their automatic engagement and disengagement feature, which is made possible by their design, which consists of a driving element, driven element, spider, shoes, and spring, offers effective and user-friendly performance.
The development of the centrifugal clutch has been significantly influenced by advances in materials science. The performance has been greatly improved by switching from basic materials like fabric and leather to highly developed materials like composite materials and contemporary metals. The lifespan of the clutch is further increased by the incorporation of ceramics in high-performance applications. Better designs have an emphasis on smaller, lighter structures, which increase overall effectiveness and application versatility. Centrifugal clutches are becoming more and more popular due to their cost-effectiveness and improved assembly techniques, which have been made possible by streamlining production processes.
The report delves into the topic of electromagnetic clutches, emphasising how these devices employ electromagnetic force to engage and disengage in a range of scenarios. Benefits of electromagnetic clutches include minimum maintenance needs, a high torque-to-weight ratio, and precise torque control.
The report also goes into extensive detail about clutch calculations, offering comprehensive cases, formulas, and calculations for a centrifugal clutch. At different driving shaft speeds and friction coefficients, the study comprises determining the engagement speed, radial force, and torque transferred to the driven shaft.












Centrifugal Clutch 
Early Designs:

The development of centrifugal clutches can be traced back to the 19th century railway vehicles (Toulas,2018). Since then, the design of centrifugal clutches has undergone several modifications to improve their performance and reliability. Engineers concentrated on developing mechanical systems that could smoothly automate the critical engagement and disengagement procedures in the early phases of centrifugal clutch development. 
As shown by Wemp (1925), an early clutch design is as shown in Figure A:

Figure A: An image of a centrifugal clutch design by Wemp (1925).

These early concepts stood out for their inventiveness and simplicity, using basic mechanical concepts to provide the required functionality. The early versions shared a common feature: the clutch assembly was designed to strategically incorporate weights or radial arms. These were carefully constructed parts that react to changes in rotational velocity (Smith, 1987). Centrifugal forces were applied to these radial arms or weights, and these forces grew with rotating speed. Through the clever use of centrifugal force, the engagement process was driven, enabling the clutch to smoothly become engaged. 
This method demonstrated the natural connection between the dynamic forces produced during operation and the mechanical components of the clutch, setting the stage for later developments in centrifugal clutch technology. The design simplicity not only increased their efficiency but also made them available and flexible for use in a variety of small motor equipment applications.
Typical Applications and Operating Conditions:

Centrifugal clutches have shown to be vital components in a wide range of machinery and vehicles, demonstrating their adaptability and effectiveness in a variety of applications. Centrifugal clutches are essential to go-karting, the clutches include an automatic engagement mechanism, allowing go-kart drivers to focus on steering and acceleration rather than clutch control (MechanicalWalkins.com, 2023). 
As Kumar (2023) states, centrifugal clutches are used in a variety of small utility vehicles, including lawnmowers, garden tractors, and other smaller utility machines. The use of centrifugal clutches in these devices simplifies operation, providing user-friendly and effective performance for jobs such as garden maintenance. They are used in a variety of industrial machines, such as conveyor systems and pumps. They use centrifugal clutches for power transmission.
A centrifugal clutch is made up of a driving element, a driven element, a spider, shoes, and a spring. The spider can be found on the driving element. Shoes (with a friction lining on their outer surface) are connected to the driving element in the spider via a spring. These shoes extend radially in the manner of spiders (Pratik and Yousef, 2023). The expansion limit of the spring can be modified to establish the vehicle speed limit. The driving element is connected to the crankshaft of the engine, while the driving element is connected to the gearbox system. The inner surface of the driving element has a friction lining (Harish, 2017). See below for a diagram of a typical centrifugal clutch:

Figure B: A diagram of a centrifugal clutch and its components by Bartleby (2023).

Lancereal (2019) establishes the use of centrifugal clutches to automatically express torque from the drive to the driven equipment, resulting in a "soft start" with no load engagement.  The clutch components will take the overload in the event of severe amounts of torque transferred back to the engine, which can cause considerable and, in some circumstances, irreparable damage to the engine. The wearing pieces of a clutch are simple and inexpensive to replace. 

Advancements in Materials:

Advances in materials science have had a direct impact on the development of centrifugal clutches, resulting in a notable shift from simple compositions to highly engineered materials. When developing centrifugal clutches, engineers used simple materials like cloth or leather, and many were asbestos-based for the essential friction linings (Jacko and Rhee, 2000). These materials fulfilled a functional need, but their overall effectiveness, wear resistance, and durability were all intrinsically constrained. Engineers realised that something needed to be done better, so they set out to find and use materials that would be strong enough to survive the severe requirements of centrifugal clutch functioning. As Wemp (1925) discusses with early clutch designs, 
“rigid plane-driven disc with woven friction facings… provides a limited amount of yieldability in engagement but wear on the facing lessens the yieldability, due to reduced thickness and increased density caused by the continual spring pressure”.
Composite materials, which are often made up of a blend of fibres and matrix elements, provide a special combination of strength, durability, and lightweight (Brown, 2001). Due to their ability to combine strength, heat resistance, and lightweight qualities, composite materials are increasingly used in centrifugal clutches. In comparison to conventional metals, these materials are frequently intended to be more robust and long-lasting.
As described by Solomon (2022), modern alloys that can tolerate higher temperatures without suffering substantial degradation are being used by manufacturers. This is especially important in applications with high performance where the clutch operates in extremely hot conditions. Ceramic materials are used for clutch components such as friction discs in some high-performance applications. Ceramics have superior wear resistance and can withstand high temperatures, both of which extend clutch life (Phoenix Friction, 2022).
The clutch's efficiency and longevity can be increased by applying innovative substances, like contact enhancers or heat-resistant coatings, to its component parts as stated by Coatings.co.uk (2023). These coatings aid in lowering friction, improving heat dissipation, and providing wear resistance. The centrifugal clutch's overall strength and dependability are improved when stronger and more resilient steel alloys are used in crucial components. This is especially crucial for applications that are heavy-duty where the clutch experiences a lot of stress.

Improved Designs:

According to White (2010), significant advancements have been made towards designs that are lighter and more compact. Early centrifugal clutch designs were characterised by bulkiness that limited their application to a wide range of situations. Upon recognising the need for flexibility, designers focused on making centrifugal clutches simpler overall. The traditionally heavy structures were changed into more lightweight and compact forms by utilising contemporary materials and innovative design strategies.
The goal of improving centrifugal clutches' overall efficiency drove the move towards more compact designs. With less mass and more streamlined shapes, there was less inertia, which allowed for more accurate control over the engagement and disengagement processes as well as faster reaction times (Turner, 2013). This enhancement was especially helpful in applications like small, motorised equipment where it was necessary to react quickly to changing operating conditions.
The focus on manufacturing simplicity was intended to lower the cost and increase the accessibility of centrifugal clutches for general application. The designers of centrifugal clutches implemented crucial tactics such as streamlining production processes, standardising components, and optimising assembly methods to guarantee that the advantages of these devices could be realised in a variety of industries (Wemp, 1925).
Examples of the advantages of the use of centrifugal clutches include mechanical simplicity which contributes to cost-effectiveness (MechanicalEducation.com, 2023). Engagement and disengagement are established automatically without manual intervention. Automatic disengagement at idle or low speeds enhances safety and affordability compared to more complex alternatives (Toulas, 2018) and (Chritina, 2022).



















Electromagnetic Clutch

According to Testbook (2023), an electromagnetic clutch uses electromagnetic force to aid in the engagement and disengagement of the clutch mechanism in a variety of applications. Its structure incorporates electromagnetic and mechanical standards, successfully integrating magnetic effects with conventional clutch mechanisms. An electromagnetic clutch is powered by electricity but transmits torque manually. When a direct current voltage is delivered to the electromagnet coil, it generates a magnetic field that overcomes the space between the clutch rotor and the armature (Kunii et al, 2005). This magnetic attraction draws the armature into contact with the rotor face, and friction and the force of the magnetic field initiate rotational motion. See Figure C for a diagram of an electromagnetic clutch:

Figure C: A diagram of an electromagnetic clutch by Mechanical Engineering (2019).

MikiPulley.com (2023) discusses electromagnetic clutches in length and states that current production operations are heavily automated with the usage of electromagnetic clutches. Their purpose is to use electromagnetic force to transfer torque between two rotating shafts. Compared to other clutch types, electromagnetic clutches provide several advantages, including a high torque-to-weight ratio and fine control over torque gearbox. They are frequently utilised in printing presses, robotics, and machine tools.
Compared to other clutch types, electromagnetic clutches provide several advantages. Among these benefits is accurate control over torque gearboxes. The amount of torque that is transferred across two rotating shafts can be precisely controlled with the use of electromagnetic clutches. High torque-to-weight ratio, despite being small and light, electromagnetic clutches can transmit large amounts of torque (Testbook, 2023). Minimal maintenance is required because electromagnetic clutches are not required to be maintained on a regular basis, they are ideal for situations where maintenance is challenging or impossible.
Clutch Calculations

Centrifugal Clutch Scenario

A centrifugal clutch with four symmetrically attached "shoes" to the "spider." Every shoe has a friction lining, weighing 275g, and is attached with a linear mechanical spring that has a 7.5 kN/m stiffness rating. The coefficient of friction of the substance sticking to the shoes is 0.35. When the shoes are in the original position, their centres of mass are 95 mm from the shaft centres and 9 mm from the outer drum. The walls of the outer drum measure 4 mm in thickness.

Diameter of Outer Drum Calculations 

To determine the radius of inner drum, the following equation is used:
 =  

Using the equation above and the values given in the statement in 4.1:
 = 
  =
=  

To determine the diameter of inner drum:
 = 

Using the equation above and the value given for the radius inner:
 = 
= 
The diameter of the inner drum = 208mm or 0.208m

To determine the radius of outer drum, the following equation is used:
 =  

Using the equation above and the values given in the statement in 4.1:
 = 
 =
=  

To determine the diameter of outer drum, the following equation is used:
 = 

Substitute the given values:
 = 
= 
The diameter of the outer drum= 216mm or 0.216m


Engagement Speed of the Centrifugal Clutch

Use the following equation to find ω (angular velocity) the below equation must be used:

 

Substitute the values given in 4.1. and found in 4.2.:






         
Engagement Speed = 464 RPM


The Radial Force When The Driving Shaft Is Rotating At 550 RPM

Use the following equations and values given in 4.1. and found in 4.2. and 4.3.:
	57.6Rad/s


Use the following equation to find Centripetal Force:
	Centripetal Force = 
	 = 94.89N
To find Spring Force, the following equation was used: 
	Spring Force (Fs) = -kx	
Substitute the values given:
	
	Fs = -67.5N
To find Radial Force:
	
	
	

Torque Transmitted to Driven Shaft at 550RPM

To find Torque transmitted, following equation is used:




  = 38.35N









Torque Transmitted Table and Graphs

The below table shows the results of the transmitted torque at the driven shaft against the driving shaft speed, from 450 RPM to 700 RPM in 25RPM increments when the coefficient of friction is 0.35:

Driving Shaft Speed (RPM)	Rad/s	Fc	Radial Force (Shoe)	Radial Force (4 Shoes)	F	T
450	47.124	63.511	-3.989	-15.956	-5.585	-0.581
475	49.742	70.764	3.264	13.055	4.569	0.475
500	52.360	78.409	10.909	43.634	15.272	1.588
525	54.978	86.445	18.945	75.782	26.524	2.758
550	57.596	94.874	27.374	109.497	38.324	3.986
575	60.214	103.695	36.195	144.781	50.673	5.270
600	62.832	112.908	45.408	181.633	63.572	6.611
625	65.450	122.513	55.013	220.053	77.019	8.010
650	68.068	132.510	65.010	260.042	91.015	9.466
675	70.686	142.900	75.400	301.598	105.559	10.978
700	73.304	153.681	86.181	344.723	120.653	12.548


The results from this table are then plotted onto a graph and the following results are achieved:

Figure D: A graph showing transmitted torque at the driven shaft vs driving shaft speed when coefficient of friction is 0.35.


Torque Transmitted Table and Graph at Various Coefficient of Friction

Table and graph showing the values when coefficient of friction is 0.3:
Driving Shaft Speed (RPM)	Rad/s	Fc	Radial Force (Shoe)	Radial Force (4 Shoes)	F	T
450	47.124	63.511	-3.989	-15.956	-4.787	-0.498
475	49.742	70.764	3.264	13.055	3.916	0.407
500	52.360	78.409	10.909	43.634	13.090	1.361
525	54.978	86.445	18.945	75.782	22.734	2.364
550	57.596	94.874	27.374	109.497	32.849	3.416
575	60.214	103.695	36.195	144.781	43.434	4.517
600	62.832	112.908	45.408	181.633	54.490	5.667
625	65.450	122.513	55.013	220.053	66.016	6.866
650	68.068	132.510	65.010	260.042	78.012	8.113
675	70.686	142.900	75.400	301.598	90.479	9.410
700	73.304	153.681	86.181	344.723	103.417	10.755



Figure E: A graph showing transmitted torque at the driven shaft vs driving shaft speed when coefficient of friction is 0.3.



Same again is shown in the below table and graph when the coefficient of friction is 0.4:
Driving Shaft Speed (RPM)	Rad/s	Fc	Radial Force (Shoe)	Radial Force (4 Shoes)	F	T
450	47.124	63.511	-3.989	-15.956	-6.383	-0.664
475	49.742	70.764	3.264	13.055	5.222	0.543
500	52.360	78.409	10.909	43.634	17.454	1.815
525	54.978	86.445	18.945	75.782	30.313	3.153
550	57.596	94.874	27.374	109.497	43.799	4.555
575	60.214	103.695	36.195	144.781	57.912	6.023
600	62.832	112.908	45.408	181.633	72.653	7.556
625	65.450	122.513	55.013	220.053	88.021	9.154
650	68.068	132.510	65.010	260.042	104.017	10.818
675	70.686	142.900	75.400	301.598	120.639	12.546
700	73.304	153.681	86.181	344.723	137.889	14.340



Figure F: A graph showing transmitted torque at the driven shaft vs driving shaft speed when coefficient of friction is 0.4.
By comparing Tables 1, 2 and 3 and Figures D, E and F, the results show that the higher the coefficient of friction is the wider the range is between the highest and lowest of the speed of the driving shaft, for example, when coefficient of friction is 0.3, at 450 RPM the transmitted torque given is -0.499 and at 700 RPM, the transmitted torque is 10.755. Then looking at the graph where coefficient of friction is 0.4, at 450 RPM the value given is -0.664 and at 700 RPM the value is 14.340. The higher the coefficient, the more torque is transferred. 



Angular Acceleration to Achieve the Maximum Possible Torque

By using the following equation of Mass Moment of Inertia, the angular acceleration can be found:
	
R = radius of gyration, therefore the radius of gyration is determined by k:
	
For a solid rotating disc:



Substitute the the values in the equation above:



= 0.0763R

Substitute values into mass moment of inertia equation:

	
	= 
	
	
	
	









Conclusion 

Design innovations aim to make centrifugal clutches more accessible to a wider range of sectors, increase overall efficiency, and create lighter, more compact constructions. The clutch's performance under various circumstances is illustrated by the torque calculations and graphs that are provided, highlighting the influence of the coefficient of friction on transmitted torque.
By using electromagnetic force for engagement and disengagement, these devices—which have a high torque-to-weight ratio, precision control, and little maintenance—have replaced mechanical clutches. Applications for electromagnetic clutches can be found in automated production processes, which improve the productivity of machinery across multiple industries.
A thorough examination of clutch calculations, including the computation of radial forces, engagement speeds, drum diameters, and torque gearbox, is included. The relationship between transmitted torque and driving shaft speed under various coefficients of friction is shown in the tables and graphs that are provided. This in-depth examination highlights the importance of centrifugal clutches in a variety of engineering applications and offers insightful information on their performance characteristics.
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Transmitted Torque at the Driven Shaft Vs Driving Shaft Speed (Coefficient of Friction 0.35)

T	
450	475	500	525	550	575	600	625	650	675	700	-0.58081233086094153	0.47519366839259269	1.5882810730111832	2.7584498829948276	3.9857000983435329	5.2700317190572896	6.6114447451361045	8.009939176579973	9.4655150133889041	10.978172255562882	12.547910903101926	Driving Shaft Speed


Transmitted Torque



Transmitted Torque at the Driven Shaft Vs Driving Shaft Speed (Coefficient of Friction 0.3)

T	
450	475	500	525	550	575	600	625	650	675	700	-0.49783914073794994	0.40730885862222233	1.3613837768667285	2.3643856139955668	3.4163143700087422	4.5171700449062486	5.6669526386880902	6.8656621513542637	8.1132985829047737	9.409861933339613	10.755352202658793	Driving Shaft Speed


Transmitted Torque



Transmitted Torque at the Driven Shaft Vs Driving Shaft Speed (Coefficient of Friction 0.4)

T	
450	475	500	525	550	575	600	625	650	675	700	-0.66378552098393329	0.54307847816296317	1.8151783691556382	3.1525141519940894	4.5550858266783232	6.0228933932083315	7.5559368515841205	9.1542162018056867	10.817731443873035	12.546482577786151	14.34046960354506	Driving Shaft Speed


Transmitted Torque
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