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Centrifugal clutches have been a vital component in driven equipment for some time. They are there as a purpose to engage and disengage power between driving and driven shafts. Centrifugal clutches operate on centrifugal force, as the speed of the driving shaft increases the force will increase and clutch will engage. 

Electromagnetic clutches are also used throughout industry. Electromagnetic clutches use an electromagnetic field rather than centrifugal force to engage and disengage. 

Throughout this paper both clutches will be researched and discussed. The development of centrifugal clutches, materials, applications and advantages of both clutches will be considered. 
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“The clutch is a crucial component of an automobile's transmission system, responsible for transmitting power from the engine to the gearbox at varying speeds without causing shocks during the power transfer. When friction surfaces come into contact and are pressed together, they bind due to the friction between them. The two surfaces can be separated or brought into contact as needed. The driving member continues to rotate, and when the driven member is brought into contact with it, the driven member also starts to rotate.” (Pandit., 2017)

The centrifugal clutch is a component of various machines and vehicles that enables smooth power transmission. The centrifugal clutch operates on the principle of centrifugal force with engagement and disengagement of the power source. “Widely found in lawnmowers, go-karts, and various industrial applications, the centrifugal clutch is essential for ensuring that engines can transfer power to their systems.” (Testbook, 2023)

[bookmark: _Toc182168816][bookmark: _Toc182168914]How do centrifugal clutches work 

Stages to how centrifugal clutches operate: First in an idle state disengaged, next engine speed increases causing the clutch to engage which will then provide power to the drive and is transferred to movement.

Idle: When the engine is idling, the clutch remains disengaged. The springs hold the clutch shoes against the inner drum, preventing them from contacting the outer drum.

Next Engine speed increases: As the engine speed increases, centrifugal force acts on the clutch shoes, causing them to pivot outward from the inner drum because of their semi-cylindrical shape.

Engagement of clutch shoes: When the engine speed hits a certain RPM, the centrifugal force surpasses the spring tension, leading the clutch shoes to contact the inner surface of the outer drum. This engagement transfers power from the engine to the transmission input shaft, allowing the vehicle or machine to operate.

Disengagement of clutch: As the engine speed decreases, centrifugal force lessens, and the springs push the clutch shoes back toward the inner drum. This disengages the clutch, stopping the power transmission. (Mechanical Education, 2024)
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The centrifugal friction clutch has played an important role in the development of small-engine machinery. This clutch design has evolved from basic concepts into an efficient, widely used system that works in applications such as motorcycles.
Early Designs (before 1900s):
Before the 1900s, clutches were manually operated, requiring the operator to engage or disengage them as the engine speed changed.
Advancements (1930s–1950s):
As small engines became increasingly common in devices like lawnmowers and motorcycles, centrifugal clutches underwent significant design enhancements. These included the use of more robust materials, improvements to the clutch drum for greater smoothness and strength, and refinements to the spring mechanisms to provide better control and efficiency.
Refinements (1950s–1970s):
· Adjustable Springs: By the mid-20th century, centrifugal clutches began incorporating adjustable springs, allowing operators to control the engagement speed. This offered better precision in clutch operation, reducing jerky movements and improving overall performance.
· Staged Engagement: Another key development was the introduction of multi-stage engagement. Friction shoes now engaged progressively as engine speed increased, which helped to minimize abrupt transitions and reduce the risk of damage to the drivetrain.
Modern Clutch Designs (1980s–present):
Modern centrifugal clutches have evolved further to become lighter, more efficient, and smoother in operation due to several innovations:
· Lightweight Materials: The clutch drum is often made from lighter materials like aluminium, which reduces overall weight and boosts performance.
· Engagement: Today's centrifugal clutches feature staged engagement, where the friction shoes progressively contact the drum, resulting in a much smoother and less abrupt power transfer.
· Tensioning: Some modern centrifugal clutches now include automated tensioning systems that maintain consistent pressure on the friction shoes, improving wear resistance and enhancing overall clutch performance.
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Key components:
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Figure 1: (Yousef, 2024)

Clutch shoes:
The clutch shoes are mounted within guides, allowing them to slide freely and act as friction absorbers. Positioned between the guides, the shoes move outward and are held in place by springs. Each shoe has a friction lining, which plays a role in engaging the clutch by contacting the drum. When the shoes move outward, the lining makes contact with the surface of the drum, creating a "bite" that facilitates engagement. The friction lining serves as the wear part of the clutch, wearing down over time due to the contract with the drum. (Mechstudies, 2024)
Materials of clutch shoes:
Clutch shoes are made from a either fabric friction material (earlier clutches) or moulded friction material (Modern clutch designs).
Earlier clutch designs (Asbestos): In the past, centrifugal clutches often used asbestos for friction linings because of its heat resistance and durability. However, due to health risks associated with asbestos, it has been largely replaced by safer materials. 
Modern moulded friction materials (Non-asbestos): New style clutches now use materials like Kevlar, carbon composites, and ceramics. These materials provide a high friction coefficient, excellent wear resistance, and improved heat dissipation.
Other materials used: (Metallic Lined): In high-performance applications like motorsport, metal-based friction linings are used for their superior strength and heat resistance. (Dante, 2016)
(Engineering Hulk, 2021) suggests that a fabric friction material is made by spinning strands of asbestos fibres, occasionally mixed with brass strands, and weaving these into a cloth that is then impregnated with a binding agent. This friction material can be divided into two main types: laminated and "solid" woven. In the laminated type, the fabric layers are layered on top of each other and held together with the binding material, often with additional reinforcement from stitching.

Springs: 
(Mechstudies, 2024) states that the spring of a centrifugal clutch is connected to the shoe body, keeping them in place initially while allowing for outward movement. The springs are also linked to the body or spider. The shoes are guided out of the body when centrifugal force is high causing the friction face to engage with the face or wall of the clutch. The disengages and shoes return to original position when the force/momentum drops. Therefore, the spring acts as an actuator for the shoes. 
Materials of clutch springs: 

Springs are usually crafted from high-carbon steel, stainless steel, or alloys designed to endure the cyclic stresses involved in clutch operation. These materials provide consistent spring performance over time without experiencing fatigue.

Structure parts/materials: (Clutch plate/body/spider)
The outer body, plate, and spiders are typically constructed from materials like aluminium or steel. Steel offers strength and durability, especially under high load conditions and aluminium is lightweight and corrosion resistant.
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Centrifugal clutches are used throughout industry and are used for many different applications. They are used due to their durability, ease of power transfer, simplified operation and are cost effective.

(Yousef, 2024) suggests that centrifugal clutches are used in go-karts, small motorcycles bikes, lawnmowers, agricultural machines, generators, pressure washers, conveyors, chainsaws, hedge trimmers and motorized bicycles.
Centrifugal clutches are also used in other motorized vehicles as well as pumps, blowers, compressors, generators and conveyor systems as stated by (Engineering Designer, 2023)
Small Engine machinery: Centrifugal clutches are also used in small engine machinery. Centrifugal clutches are simple and effective way of engaging the drive of a machine automatically. These types of clutches are used in go-karts, lawnmowers, and other types of small vehicles/machines.
Industrial machinery: Centrifugal clutches are also used in various industrial machinery where automatic engagement and disengagement of power are necessary without human intervention. For example, they are used in conveyor belt systems, pumps and generators. 

[bookmark: _Toc182168820][bookmark: _Toc182168918]Operating conditions

“Centrifugal clutches transmit torque as a function of the driving speed. The actuation force and control are provided by centrifugal forces on the clutch. Centrifugal clutches are constrained by many factors such as heat, wear, load capacity, and space. Centrifugal clutches reduce starting torques on AC motors, reduce loads on internal combustion engines at idle speeds, and provide overload protection. They can also isolate torsional vibrations. In many applications, the clutches provide adequate load acceleration and control with minimal expense.” (Crane, 2003)
Range of Temperatures: Friction of the clutch can generate heat so centrifugal clutches need to withstand a vast range of temperatures. Certain materials are used to make up a centrifugal clutch with this in mind. This helps to prevent degradation of the clutch as heat generated may cause clutch slip and wear of friction faces. (Cioboată, 2024)
Varying Loads: Small engines may only require a little amounts of torque and heavy industrial machines may need to handle much higher torques or loads. Centrifugal clutches are designed to withstand a range of loads as they may differ. (Harting, 1964)
Range of Speeds: Centrifugal clutches are designed to engage and disengage at certain RPM’s. RPM’s may differ based on the application that the centrifugal clutch is in. This is to ensure that the clutch engages when needed for greater efficiency and power transfer. (Ryan G, 2004)
[bookmark: _Toc182168821][bookmark: _Toc182168919]Advantages: 
Operation: The primary advantage of a centrifugal clutch is its automatic engagement and disengagement based on RPM. This eliminates manual clutch control, simplifies operation.
Reduced Loads: reduced shock loads on the drivetrain when accelerating by engaging the clutch as the engine speed increases. This decreases wear on friction faces.
Reliability: Reliable when vibration and heat is generated. They are designed to withstand these conditions.
Simple Design/Cost-Effective: Simple and inexpensive to manufacture. The ideal solution for small engine applications.
Maintenance: Fewer parts to wear compared to other style clutches. They require less maintenance.
[bookmark: _Toc182168822][bookmark: _Toc182168920]Current application of electromagnetic clutches in modern manufacturing processes 
Electromagnetic clutches are used in modern automation systems, offering benefits such as precise control, reliability, and ability to engage or disengage power without mechanical contact. These clutches operate by using an electromagnetic field to create a connection between the driving and driven components, enabling smooth and rapid power transfer. Below are several key applications of electromagnetic clutches in manufacturing automation. (Hohm, 2019)
Electromagnetic clutches are used throughout modern systems. They give the ability to engage and disengage movement and power without the need for users assistance. Electromagnetic clutches also offer great reliability and control. 
[image: ]Figure 2: (Mech4study, 2024)






An electromagnetic field is used to create a connection between driving and driven parts. This replaces the need for correctly specified springs determined by revolutions per minute (RPM) in a normal centrifugal clutch design. Electromagnetic clutches provide smooth and quick transfer of power. (Hohm, 2019)
[bookmark: _Toc182168823][bookmark: _Toc182168921]Applications: 

Conveyors: Used to stop and start conveyors throughout industry by engaging and disengaging an electromagnetic clutch. This increases efficiency, reduces energy and stops the jamming of the conveyors. An example is a parcel mail room or an airport conveyor system which are often seen stopping and starting. (Gupta, 2016)

Power Generation: Used in power generation systems which include compressors and turbines. These clutches are used in turbines to engage and disengage power generation between the generators and drive. (Kiameh, 2023)


[bookmark: _Toc182168824][bookmark: _Toc182168922]Conclusion 

To conclude, research suggests centrifugal clutches are a crucial component throughout industry, but electromagnetic clutches are a modern approach and offer more efficient power transfer. Centrifugal clutches will still need to be used in some applications due to their simple and cost-effective characteristics. However, research suggests that electromagnetic clutches offer a range of advantages such as greater reliability and more control over the dated simple design of a centrifugal clutch.
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1)
Radius of shoes: 95mm
Distance from shoes to drum: 9mm
Wall thickness: 4mm

Diameter of drum = (2x95)+(2x9)+(2x4) = 190+19+8 = 216mm

2) 
Centrifugal force on each shoe: Centrifugal force = Mrω²
Converting RPM to Radians per second: ω= 
Spring force (Fs) = K x 

Deflection of spring is displacement of shoes from rest position at engagement
Difference between the outer drum radius and radius of shoes:
Deflection of spring = drum radius – outer drum radius

= 0.108m – 0.095m = 0.013m (13xm)
Spring force (Fs) = 7500n/m x 13x = 97.5N
At engagement:
Centrifugal force (Fc) = Spring force (Fs)
 Mrω² = Fs
0.275kg x 0.095m x ω² = 97.5N
ω² =  = 3655.5 
ω =  = 60.46 Rad/s
[bookmark: _Hlk182149312]RPM conversion: ω= 
RPM=  =  = 577.4 RPM
___________________________________________________________________
3)
Convert RPM to Radians per second: 
Given: 550RPM
ω =  = 57.56 Rad/s
Calculating centrifugal force (one shoe) 
Fc = Mrω² = 0.275 x 0.095 x  = 86.56N
Calculating centrifugal force (four shoes) 
Fc x (4) = 346.24N 
___________________________________________________________________
4)
Torque transmitted = total Fc x r
Tt = 346.24N x 0.095 = 32.89N/m
Tt = total Fc – spring force Fs) x r = (346.24N – 97.5N) x 0.095 = 23.63N/m
___________________________________________________________________
5)
Converting each RPM valve to Rad/s
ω =  = 47.12 Rad/s
ω =  = 49.74 Rad/s
ω =  = 52.36 Rad/s
ω =  = 54.98 Rad/s
ω =  = 57.60 Rad/s
ω =  = 60.21 Rad/s
ω =  = 62.83 Rad/s
ω =  = 65.45 Rad/s
ω =  = 68.07 Rad/s
ω =  = 70.69 Rad/s
ω =  = 73.30 Rad/s
Calculate centrifugal force for each speed: 
Centrifugal force Fc = Mrω²
Fc (450) = 0.275 x 0.095 x  = 58.01N (One shoe) 
Four shoes = 58.01 x (4) = 232.04N
Fc (475) = 0.275 x 0.095 x  = 64.64N (One shoe) 
Four shoes = 64.64 x (4) = 258.56N
Fc (500) = 0.275 x 0.095 x  = 71.62N (One shoe) 
Four shoes = 71.62 x (4) = 286.48N
Fc (525) = 0.275 x 0.095 x  = 78.97N (One shoe) 
Four shoes = 78.97 x (4) = 315.88N
Fc (550) = 0.275 x 0.095 x  = 86.68N (One shoe) 
Four shoes = 86.68 x (4) = 346.72N
Fc (575) = 0.275 x 0.095 x  = 94.71N (One shoe) 
Four shoes = 94.71 x (4) = 378.84N
Fc (600) = 0.275 x 0.095 x  = 103.13N (One shoe) 
Four shoes = 103.13 x (4) = 412.52N
Fc (625) = 0.275 x 0.095 x  = 111.91N (One shoe) 
Four shoes = 111.91 x (4) = 447.64N
Fc (650) = 0.275 x 0.095 x  = 121.05N (One shoe) 
Four shoes = 121.05 x (4) = 484.2N
Fc (675) = 0.275 x 0.095 x  = 130.55N (One shoe) 
Four shoes = 130.55 x (4) = 522.2N
Fc (700) = 0.275 x 0.095 x  = 140.37N (One shoe) 
Four shoes = 140.37 x (4) = 561.48N
Calculating torque transmitted Tt:
Torque transmitted = (coefficient of friction x Fc) x r
Tt (450) = (0.35 x 58.01) x 0.095 = 1.99Nm (One shoe)
Four shoes = 1.99 x (4) = 7.96N/m
Tt (475) = (0.35 x 64.64) x 0.095 = 2.33N/m (One shoe)
Four shoes = 2.33 x (4) = 9.33N/m
Tt (500) = (0.35 x 71.62) x 0.095 = 2.38N/m (One shoe)
Four shoes = 2.38 x (4) = 9.53N/m
Tt (525) = (0.35 x 78.97) x 0.095 = 2.63N/m (One shoe)
Four shoes = 2.62 x (4) = 10.5N/m
Tt (550) = (0.35 x 86.68) x 0.095 = 2.88N/m (One shoe)
Four shoes = 2.88 x (4) = 11.53N/m 
Tt (575) = (0.35 x 94.71) x 0.095 = 3.15N/m (One shoe)
Four shoes = 3.15 x (4) = 12.59N/m 
Tt (600) = (0.35 x 103.13) x 0.095 = 3.43N/m (One shoe)
Four shoes = 3.43 x (4) = 13.72N/m
Tt (625) = (0.35 x 111.91) x 0.095 = 3.72N/m (One shoe)
Four shoes = 3.72 x (4) = 14.88N/m
Tt (650) = (0.35 x 121.05) x 0.095 = 4.02N/m (One shoe)
Four shoes = 4.02 x (4) = 16.09N/m
Tt (675) = (0.35 x 130.55) x 0.095 = 4.34N/m (One shoe)
Four shoes = 4.34 x (4) = 17.36N/m
Tt (700) = (0.35 x 140.37) x 0.095 = 4.67N/m (One shoe)
Four shoes = 4.67 x (4) = 18.67N/m
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Figure 3
6)
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Figure 4
Differences with the coefficient of friction with change the engagement. It will also affect the transmitted force between the drum and the shoes. 
Coefficient friction 0.4 - Higher friction force, hence higher torque.
Coefficient of friction 0.3 - Lower friction force, hence lower torque.
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Figure 5
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Figure 6


7)
Tmax is at a speed of 700RPM and coefficient of friction of 0.4 = 21.33N/m
Drum Mass = 0.75Kg
Radius of drum = 0.108m
Moment of inertia (I) for a solid disk: 
I = 
I =  
I= 4.374x (0.00437kg/
Angular acceleration: 
 = = 4881.01 Rad/
___________________________________________________________________
8)
Shaft dia = 17.5mm (r = 8.75 or 0.00875m)
Braking force = 500N
Max angular acceleration:
T braking = F braking x R shaft
500 x 0.00875 = 4.38N 
 = 1002.29 Rad/

___________________________________________________________________
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Speed (RPM) | W (Rads/s) Centrifugal Force (Fc)| Transmitted Torque (N/m) TorquAe TransmiFte}i With A TorquAe TransmiFte}i With A
(N) (0.35) Coefficient of friction (0.3) | Coefficient of friction (0.4)

450 47.12 58.01 7.96 6.61 8.81
475 49.74 64.64 9.33 7.36 9.83
500 52.36 71.62 9.53 8.16 10.89
525 54.98 78.97 10.5 9.01 12.01
550 57.6 86.68 11.53 9.88 13.18
5785 60.21 94.71 12.59 10.8 14.39
600 62.83 103.13 13.72 11.75 15.68
625 65.45 111.91 14.88 12.76 17.01
650 68.07 121.05 16.09 13.8 18.4
675 70.69 130.55 17.36 14.88 19.84
700 73.3 140.37 18.67 16.01 21.33





