



Executive Summary	

This report provides a thorough investigation into the working principles, historical development, and modern applications of centrifugal clutches, as well as their comparison with electromagnetic clutches commonly used in automated manufacturing processes.  
Centrifugal clutches are automatic systems that use centrifugal force to transfer torque from the driving shaft to the driven shaft. They remain commonly used in small machines like lawnmowers, chainsaws, and go-karts because they are simple, cost-effective, and allow for smooth engagement without the need for manual operation.
The study begins by explaining the concepts of centrifugal and centripetal forces, followed by a detailed examination of the key components of centrifugal clutches, including shoes, springs, and outer drums.  It traces the evolution of these clutches from their early applications in motorcycles and small engines in the early 20th century to their current use.
Modern advancements in centrifugal clutch design have led to the introduction of composite materials and wear-resistant alloys, enhancing durability and efficiency.  However, these clutches still face challenges, such as limited performance at low RPMs, and susceptibility to dirt ingress.
Comparatively electromagnetic clutches, which operate via electromagnetic fields, offer improved precision, efficiency, and adaptability to modern automated systems.  Their advantages include, remote control, smoother engagement, and greater durability, making them suitable for complex manufacturing processes.
The second part of the report consists of calculations related to engagement speed, torque transmission, and angular acceleration, demonstrating the performance characteristics of centrifugal clutches.  Recommendations are made for future studies to address thermal effects, material wear rates, and real-world efficiency losses, which could further improve the theoretical models and practical applications of centrifugal and electromagnetic clutches.  
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Introduction

This report examines the design, operation, and performance of centrifugal clutches, comparing them with modern electromagnetic clutches used in automated manufacturing.  Centrifugal clutches are automatic engagement devices that transmit torque by using centrifugal force, making them ideal for small machinery such as lawnmowers, chainsaws, and go-karts.
Despite advancements in materials and design, centrifugal clutches face limitations, such as reduced efficiency at low RPMs and sensitivity to environmental contaminants.  In contrast, electromagnetic clutches operating through electromagnetic fields, offer superior precision, efficiency, and remote control, making them more suitable for modern manufacturing systems.
This report also explores the working principles, advantages, disadvantages, and performance calculations of centrifugal clutches, providing recommendations for improving their efficiency and reliability.














1.0 Task A

Introduction to the Centrifugal Clutch

A centrifugal clutch uses centrifugal force to transmit torque from a driving shaft to a driven shaft.  The centrifugal clutch is an automatic engagement mechanism that has in recent times been replaced by fluid mechanical clutches.  There are still specific applications in which these clutches are used, such as lawnmowers, chainsaws, and go-karts. 
A basic centrifugal clutch consists of the following key components.
Shoes – Attached to the central hub (also known as the spider), these are lined with a material to aid friction.
Springs – Designed to ensure the shoes remain disengaged and retracted at low speeds.
Outer Drum – Surrounds the shoes and engages with them once the speed increases thus increasing the centrifugal force pushing the shoes outwards.

Figure 1 - Centrifugal Clutch 


1.2 Centrifugal/Centripetal Force

Centrifugal/Centripetal are the two terms which describe the physics of circular motion.  
Centripetal force is the force that causes an object to move in a circular motion; this force is always directed towards the centre of the circle. Lind (2021) states that an example of centripetal force is a washing machine, in which the centripetal force combined with the perforations in the basket, separates excess water from clothes. 
Centrifugal force is an outward apparent force that is generated on a spinning object.  Centrifugal force is known as a fictitious force which can be illustrated by the feeling of flying outward that is felt when riding on an amusement ride. 
Lucas (2024) says that the centrifugal/centripetal force acting on an object moving in a circular path is expressed by the formula: .
Alternatively, if the linear speed of the object (v) is known rather than the angular velocity, the formula can be expressed as  .
Fc = Centrifugal Force.
 = Mass of object in kg.
 = Angular velocity in rad/s.
 = Radius of the circular path in m.	
 = Linear speed in m/s.
 can be found from the rotational speed N in RPM using the formula  .
Early Development of the Centrifugal Friction Clutch

The centrifugal force concept was initially studied during the 17th and 18th centuries, however by the early 1900’s centrifugal clutches were being incorporated into industrial and automotive applications enabling automatic power transmission solutions.  Woodford (2020) states that the primary uses for these clutches where within small gasoline engines, particularly those in motorcycles and early automobiles to improve drivability and reduce the need for manual clutch control. 

Modern Developments

Over time there have been significant developments and improvements in design.  Some of these are, better materials for friction, improved spring mechanisms, and lighter yet stronger components. One of the most notable improvements is the introduction of composite materials and wear resistant alloys, significantly increasing efficiency and durability. Bhattacharjee (2022) states that materials such as asbestos were used in the past however modern clutches use a compound organic resin. 
In recent times centrifugal friction clutches have largely been replaced by fluid coupling technology in heavy machinery. Nonetheless, centrifugal friction clutches still play important roles in niche applications where automatic engagement is beneficial. Hertrich (1999) states that some of the advantages of fluid coupling technology include a smoother power connection resulting in lower stresses, and a smoother torque control eliminating high power peaks.  This aligns with Kimura (2023) who states that centrifugal friction clutches occasionally suffer from judder.

Materials 

Friction lining – Asbestos free materials, sintered metal, ceramic based compounds, and composite polymers are used for their high temperature resistance and durability.
Shoes and Drum – Steel or aluminium alloys are typically chosen due to their strength to weight ratio.
Springs – Carbon or stainless steel is commonly used due to its durability under repeated stresses and ability to maintain proper tension.

1.6 Advantages/Disadvantages of Centrifugal Clutches

Advantages:
Automatic Operation – Automatic engagement eliminates the need for manual control making it user-friendly. Sabhadiya (2020) states that the operation of the centrifugal friction clutch is based on the laws of physics.
Smooth Engagement – Reduced shock load and mechanical stresses. Hilton (2022) says that centrifugal clutches have a greater progressive engagement, which helps increase the torque by gradually increasing the force.
Overload Protection – Protects against engine damage through excessive torque transmission. Patel (2013) states that friction clutches will slip momentarily in the case of overloading therefore protecting the machine.
Cost Efficiency – Simple design with minimal maintenance requirements. Toulas (2018) says that centrifugal clutches are in the main the cheapest of the various clutch types available on the market.
Lightweight and Compact – Suitable for use within smaller handheld equipment with minimal negative effect on user handling.
Disadvantages:
Engines with Low RPM – In machines that run at lower RPMs, more heat can build up, which might result in reduced power output.
Maximum Speed – The top speed is mainly determined by the size of the clutch. Smaller clutches tend to engage more quickly because they require less centrifugal force to operate.
Dirt Ingress – Toulas (2018) states sand, dust, and other impurities can easily enter the clutch arrangement, affecting performance and causing unpredictable, and potentially dangerous behaviour.

1.7 Electromagnetic Clutches

While centrifugal clutches are still commonly used in some applications, electromagnetic clutches are generally preferred for automated manufacturing. These clutches use an electromagnetic field to control engagement. When an electric current is applied, it generates a magnetic force that draws the armature plate into contact with the rotating clutch plate, allowing power to be transmitted.
  
Figure 2 - Electromagnetic Clutch Diagram 


1.8 Applications of Electromagnetic Clutches in Modern Manufacturing

Electromagnetic clutches are now widely used in the manufacturing industry.  Some of the systems include the following:
CNC Machines – More precise control than that of spindle engagement.
Automated Conveyor Systems – Used for the start/stop of conveyor belts in manufacturing plants.
Printing and Textile Machines – To maintain accurate timing of industrial presses.
Automotive Transmission - Used in hybrid vehicle drivetrains.

1.9 Advantages Over Centrifugal Clutches

Precision – Electromagnetic clutches offer immediate and controlled engagement. According to the editors of Solenoid (2024), these clutches ensure smooth operation and enable accurate control of power transmission, which improves overall system performance.
Remotely Activated – They integrate with automatic systems and can be controlled electronically. Yanthrist (2025) states that there is no need for a linkage with an electromagnetic clutch, therefore allowing for remote installation.
Efficiency – No energy is lost due to friction. Williams (2019) states that electromagnetic clutches respond rapidly to changes in speed.  
Variable Load Handling – Suitable for both high, and low speed applications. Zheng (2025) states that, electromagnetic clutches can be adapted to various applications, whether it be light-or heavy-duty. Mechonic (2025) suggests that although they are adaptive to various loads there is a risk of overheating during engagement.

1.10 Conclusion

Over the years centrifugal clutches have played an important role with regards to mechanical power transmission, particularly within small motor applications.  Their ability to engage and disengage automatically is essential for us in small engines where manual clutching is impractical. However, modern manufacturing increasingly is moving to electromagnetic clutches due to improved precision, efficiency, and automation.
Whilst centrifugal friction clutches continue to have their uses within specific applications, advancements in clutch designs, particularly electromagnetic systems, have enabled the seamless automation of industrial processes. As industrial technology progresses, the integration of smart and electronically controlled clutch systems will continue to enhance efficiency and productivity




2.0 Task B


[bookmark: _Toc195547753]Figure 3 - Centrifugal Clutch Task B (Goodson, 2024)
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[bookmark: _Toc193377307]2.1 Question 1 

To work out the diameter of the outer drum we first take the radius to the inside edge of the drum inclusive of clearance:
.
Then we need to work out the outer radius inclusive of wall thickness:
.
Then we can work out the diameter of the outer drum by:
.
Diameter of the outer drum = 216 mm

[bookmark: _Toc193377308]2.2 Question 2 

Wowk (2015) states the centrifugal force formula is  .
F = Centrifugal force.
 = Mass.
 = Angular velocity.
 = Radius from origin.
The information given in the task b brief () = Converted to standard engineering base units. 
Mass of each shoe () = 275 g (0.275 kg).
Spring stiffness (k) = 7.5 kN/m (7500 N/m).
Coefficient of friction (µ) = 0.35.
Radius to centre of mass () = 95 mm (0.095 m)
Clearance distance to drum (c) = 9 mm (0.009 m)
Wall thickness of drum (t) = 4 mm (0.004 m) The wall thickness is not required in order to calculate engagement speed.
The first step in solving this question is to calculate  from the centrifugal force formula.   is given by the radius at which the shoes extend outwards by the clearance distance of 9 mm and contact the inner surface of the outer drum.   
.
 = 0.104 m.
The next step in solving question 2 is to calculate the spring force () at the engagement radius.  The spring force required to extend the spring by the clearance distance (c) is found using Hooke’s law figure 4. Hooke’s law is a principle in physics used to describe the linear relationship between force applied to an elastic object and the resultant deformation providing the deformation doesn’t exceed then elastic limit of the material. 

[image: A diagram of a spring with a ball and a ball

AI-generated content may be incorrect.]
[bookmark: _Toc195547754]Figure 4 - Hooke's Law (Williams, 2015)

Vanstone (2022) says that Hooke’s law was formulated by Robert Hooke in 1660.  Robert Hooke helped form the royal society along with Robert Boyle, however Hooke is also famous for his various clashes with Isaac Newton. 


Hooke’s law is expressed mathematically as:
 
Where:
F = Applied force (FS)
k = The stiffness constant 
r = Displacement from equilibrium
So, using Hooke’s law the calculation is:
.
 .
At the point in which the shoes engage, the centrifugal force () must be equal to the spring force ()  in order to move the shoes outwards contacting the drum.
. 
. 
Now F has been calculated all the centrifugal force equation can be transposed in order to work out angular velocity.  The equation .  Is transposed to .
.
.
For the last part of the question the velocity needs to be converted into RPM.  The formula used to convert rad/s into RPM is  .
.
Engagement speed of centrifugal clutch = 465 RPM



[bookmark: _Toc193377309]2.3 Question 3 

In order to calculate the radial force acting on the clutch face at 550RPM the centrifugal force formula is used, .  
Given information:
Mass of each shoe () = 275 g (0.275 kg).
Rotational speed (N) = 550 RPM.
Effective radius at engagement () = 95 mm (0.095 m) plus the clearance distance of 9 mm (0.009 m) totalling 0.104 m.
Spring stiffness (k) = 7.5 kN/m.
Coefficient of friction (µ) = 0.35.
Spring force (Fs) = 67.5 N
As the rotational speed is given in RPM the first step is to convert this into rad/s.  The formula for the conversion is    (Johnson, 2023).
Substituting the known value of N into the formula the calculation is  .
 = 57.6 rad/s.
Now that the angular velocity has been converted into rad/s the force exerted by each shoe can be calculated. 
Radial force acting on each shoe whilst the shaft rotates at 550RPM is 27.39 N.  As there are 4 shoes, in order to calculate the total radial force acting on the centrifugal clutch we can multiply 27.39 by 4 giving the calculation  .
Total radial force acting on the centrifugal clutch at 550RPM = 109.5 N.





[bookmark: _Toc193377310][bookmark: _Hlk189823023]2.4 Question 4 

[bookmark: _Hlk189823010]To calculate the torque transmitted to the driven shaft by the centrifugal clutch the considerations are, the radial force exerted by each shoe, the coefficient of friction, and the radius at which the friction occurs.
Given information:
Mass of each shoe () = 275 g (0.275 kg).
Rotational speed (N) = 550 RPM.
Radial force per shoe (Fc) (calculated for question 3) = 27.39 N.
Coefficient of friction (µ) = 0.35.
Effective radius at engagement () = 95 mm (0.095 m) plus the clearance distance of 9 mm (0.009 m) totalling 0.10 4m.
[bookmark: OLE_LINK1]The first step is to calculate the frictional force per shoe (Fforce).  This can be achieved by using the formula  , from the calculated figures this becomes .
The next step is to calculate the torque produced by each shoe Tshoe.  This is the product of the frictional force and the effective radius .
The calculation is  . 
Tshoe = 0.99736 Nm.
Finally, now that the torque of a single shoe has been calculated the total torque is simply the single value multiplied by 4 .
Torque transmitted to the driven shaft at 550 RPM = 3.99 Nm






[bookmark: _Toc193377311]2.5 Question 5 


[bookmark: _Toc195547755]Figure 5 - Torque v RPM Graph from 450 RPM to 700 RPM

The graph shown in figure 5 displays the relationship between torque and RPM within the range of 450 RPM to 700 RPM, the engagement point is approximately 465 RPM, after which the torque transmission increases non-linearly. 



[bookmark: _Toc193377312]2.6 Question 6


[bookmark: _Toc195547756]Figure 6 - Torque v RPM Graph with differing Values of Coefficient of Friction (µ) Added

 The graph shown in figure 6 illustrates the impact of different coefficients of friction (µ = 0.3, 0.35, and 0.4) on torque transmission.




Observations:
· Speed for Engagement – At 450 RPM, no torque is transmitted as the centrifugal force is insufficient to overcome the spring force.  The engagement threshold shifts slightly with varying µ.
· Effect of Increasing the Coefficient of Friction – A higher µ, results in greater torque transmission at the same speed.  The increase in torque is nearly in proportional to µ due to the toque being dependant on frictional force which is directly proportional to µ due to the frictional force being directly proportional to coefficient of friction.
· Torque Growth with Speed – Once engagement occurs, torque increases non-linearly with speed. Higher speeds result in higher centrifugal forces, leading to higher frictional torque.
Conclusion:
· Increasing µ improves torque transmission, enhancing performance where higher grip is needed.
· Excessive friction can cause increased wear and overheating.
· A balance between friction, wear, and performance is essential for optimal efficiency.












[bookmark: _Toc193377313]2.7 Question 7

To calculate the angular acceleration (α) of the drum at maximum torque, the rotational form of Newtons law is used:

Where:
T = Maximum transmitted torque (Nm)
I = Moment of inertia (Kg/m2)
α = Angular velocity (rad/s2)
Given:
M = 0.75 Kg
R = Radius of shoes in rest position (95 mm) + clearance to outer drum (9 mm) = 0.104 m.
From the question we know the drum is considered a solid disc with a mass of 0.75 kg.  The formula to calculate the moment of inertia of a solid disc is:

So, the calculation is:

The next step is to verify maximum transmitted torque which we can see from figure 5 is around 14 at 700 RPM.  
To calculate the maximum torque at 700RPM we convert 700 RPM to angular velocity and the calculation is:
 
Then to work out the force acting on each shoe the calculation is:


86.18N is then multiplied by 4 as there are 4 shoes to give 344.72 N total force. We then apply the µ of 0.4 so the calculation is:

We can see that the exact number shown in figure 4 is 14.34 Nm.
We now have T and can rearrange the initial equation to solve for α:

Angular acceleration of the drum to achieve the maximum possible torque = 3278.46 rad/s2. 


[bookmark: _Toc193377314]2.8 Question 8

To calculate the maximum possible angular acceleration, we use Newtons second law (transposed):
 
To calculate the net torque (Tnet), we use the maximum torque (T) given in figure 5, which at a coefficient of friction of 0.4 is calculated as 14.34 Nm minus the breaking torque (Tb).  
 
To calculate Tb with a breaking force of 500 N and a shaft diameter of 17.5 mm the calculation is:
 

So, the calculation is:

Tb = 4.37 5Nm
Now we have Tb we can calculate Tnet, the calculation is:
 
Tnet=9.97 Nm
Now we need to find the inertia, the equation for this is:

So, the calculation is:
Kg/ m2
I = 4.05610-3 Kg/m2
We can now calculate the angular acceleration using the equation:
 
The calculation is:
 
Maximum possible angular acceleration of the drum is 2458.09 rad/s2
















[bookmark: _Toc193377315]2.9 Conclusion

In task B, the principles, calculations, and performance characteristics of a centrifugal clutch system were thoroughly investigated.  The analysis focussed on determining engagement speed, radial force, torque transmission, and angular acceleration under various conditions.  Calculations demonstrated that the clutch engages at approximately 465 RPM, with torque transmission increasing non-linearly as speed rises due to the stronger centrifugal forces acting on the clutch shoes.
The results showed that frictional force and torque output are significantly influenced by the coefficient of friction.  A higher coefficient of friction provides better torque transmission but may lead to increased wear and overheating, highlighting the need for a balanced approach when selecting friction materials.
The study also calculated the maximum possible angular acceleration of the drum, considering breaking force and net torque.  Results indicate that careful management of torque and friction is crucial for optimising clutch performance.
Overall, this investigation confirms that centrifugal clutches remain effective for automatic power transmission in small motor applications.  However, improvements in materials and design can further enhance their efficiency and reliability.  Future studies could focus on the effects of temperature, wear rates, and real-world efficiency losses to improve the accuracy of the theoretical model.
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Task B of the assignment consists of eight individual questions in which different calculations are

required in order to achieve the answer. The information given in the task B brief s:

+ four Shoes symmetricallyattached to the spider.

+ Each shoe, inclusive of ficton lining, has 2 mass of 275 .
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o The outer drum's wall thickness is 4 mm.
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