



Executive Summary
This report presents a comprehensive overview of centrifugal clutches, discussing their historical development, typical applications, and operating conditions. Centrifugal clutches, which rely on centrifugal force to engage frictional contact, have been in use for over a century, primarily in small engines and equipment. Although they have been largely superseded by fluid-based clutches in high-performance sectors, their reliability, low cost, and ease of maintenance ensure they remain relevant in various mechanical systems.
The development of centrifugal clutches has been influenced by advances in material science, allowing for stronger, more durable shoes and friction linings. Common materials include metals such as steel for the shoes and rubber or composite materials for friction linings. The operating conditions of centrifugal clutches depend on factors such as rotational speed, temperature, and the coefficient of friction of the materials involved.
This report also explores the advantages of centrifugal clutches, including their simplicity, self-engagement mechanism, and minimal power loss compared to alternative systems. The analysis then moves to modern electromagnetic clutches, which are increasingly used in industrial automation due to their ability to provide precise control and smooth engagement in automated manufacturing processes.
Furthermore, the report conducts detailed calculations on a centrifugal clutch system with four shoes, including determining the clutch's engagement speed, the radial force acting on the clutch face, and the torque transmitted at various speeds. These results are plotted and compared across different coefficients of friction. The analysis concludes with an exploration of the maximum possible angular acceleration of the clutch system under specified conditions and the effect of external braking forces on its performance.
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Acronyms
Kg = Kilograms
g = Grams
N/m = Newton/Meter
kN/m = Kilonewton/Meter
m = Metres
mm = Millimetres
m/s = metres per second
rad/s = Radians per second
RPM = Revolutions per minute
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Introduction
Centrifugal clutches were widely introduced in the early 20th century as a means to simply and reliably transfer power in applications where gradual automatic engagement would prove superior to manual engagement.  Centrifugal clutches, although largely replaced by fluid-based systems in modern high-performance applications, remain crucial in small motor equipment and certain mechanical systems. These clutches operate by using centrifugal force to engage frictional contact between shoes and an outer drum as the driving shaft speed increases. The development of centrifugal clutches over the last century has made them indispensable in machinery such as go-karts, lawnmowers, and small engines, where simplicity, reliability, and cost-effectiveness are paramount. The design, choice of materials, and operating conditions of centrifugal clutches, including their advantages and limitations, form the backbone of their continued use. In recent years, electromagnetic clutches have emerged in industrial automation, offering precision and control in environments where centrifugal clutches might be less suitable. This report examines the centrifugal clutch's development, its applications, the transition to electromagnetic clutches, and the detailed analysis of clutch performance under varying operating conditions.















Task A

Centrifugal Clutch
A typical centrifugal clutch is made up of the following main components:
Shoes – These are connected to the central hub, often referred to as the spider, and are coated with a friction material to facilitate engagement when the clutch is activated.
Springs – The springs are responsible for keeping the shoes retracted and disengaged when the rotational speed is low, ensuring the clutch does not engage prematurely.
Outer Drum – This component encases the shoes and comes into contact with them when the centrifugal force, generated by increased speed, pushes the shoes outward, thereby engaging the clutch.

Figure 1 - Centrifugal Clutch 



Centrifugal/Centripetal Force

Centripetal and centrifugal are terms used to describe forces involved in circular motion.
Centripetal force is the force that keeps an object moving along a circular path, always directed towards the centre of the circle. According to Lind (2021), an example of centripetal force can be seen in a washing machine, where the force, combined with the perforations in the drum, helps to expel excess water from clothes.
Centrifugal force refers to the apparent outward force experienced by an object in circular motion. Often considered a fictitious force, it is the sensation of being pushed outward, commonly felt on amusement rides that involve circular motion.

“The difference between centripetal and centrifugal force has to do with different frames of reference – that is, different viewpoints from which you measure something” .

According to Lucas (2024), the force acting on an object undergoing circular motion—whether referred to as centrifugal or centripetal depending on the frame of reference—can be described using the following formula: .

Alternatively, if the linear speed of the object (v) is known as opposed to the angular velocity, the formula can be expressed as  .
Where:
Fc​ is the centrifugal force (in newtons),
m is the mass of the object (in kilograms),
ω is the angular velocity (in radians per second),
r is the radius of the circular path (in metres).
  = Linear speed in m/s.
To convert rotational speed N (in RPM) to angular velocity ω (in radians per second), we can use the formula: .



Task B


[bookmark: _Toc197624249]Figure 2 - Centrifugal Clutch Task B (Goodson, 2024)

[bookmark: _Hlk189823036]Task B of the assignment is comprised of eight distinct questions, each requiring specific calculations to arrive at the correct answers. The information provided in the Task B brief includes the following details:
· Four shoes are symmetrically attached to the spider (central hub).
· Each shoe, including its friction lining, has a mass of 275 grams.
· The linear mechanical spring has a stiffness value of 7.5 kN/m.
· The coefficient of friction for the material on the shoes is 0.35.
· The centre of mass for each shoe is positioned at a radius of 95 mm from the shaft's centre in the resting position. This distance represents the edge of the shoes, with an additional 9 mm clearance to the outer drum.
· The outer drum has a wall thickness of 4 mm.
These parameters will be used to perform the necessary calculations for each of the questions.




[bookmark: _Toc197624274]Question 1 

To calculate the diameter of the outer drum, we begin by determining the radius to the inner edge of the drum, including the clearance:
.
Next, we need to calculate the outer radius by adding the wall thickness to the previously determined radius.
.
Finally, the diameter of the outer drum can be calculated by doubling the outer radius, as follows:
.


[bookmark: _Toc197624275]Question 2 

The task provides information converted to standard engineering base units. Below are the given values: The centrifugal force formula is  (Wowk, 2015).
· Mass (m) of each shoe: 0.275 kg
· Spring stiffness (k): 7500 N/m 
· Coefficient of friction (µ): 0.35
· Radius to center of mass (r): 0.095 m
· Clearance distance to drum (c): 0.009 m
· Wall thickness of drum (t): 0.004 m (not needed for the calculation of engagement speed)
We aim to calculate the engagement speed using the formula involving 
centrifugal force (F), 
mass (m), 
angular velocity (ω), 
radius (r). 

The initial step in addressing this question involves determining the value of r using the centrifugal force formula. In this context, r represents the radius at which the shoes extend outward by the clearance distance of 9mm and make contact with the inner surface of the outer drum. Mathematically, r is calculated as the sum of the radius to the centre of mass and the clearance distance: r = radius to centre of mass + clearance distance. This calculation is essential for accurately assessing the engagement dynamics between the shoes and the drum.
.
 = 0.104m.
The next step in solving Question 2 is to calculate the spring force (Fs) at the engagement radius. This spring force, which corresponds to the amount of force needed to extend the spring by the clearance distance (cc), can be determined using Hooke’s Law. Hooke’s Law states that the force exerted by a spring is directly proportional to the displacement from its equilibrium position, mathematically expressed as:
where the spring force, the spring constant (a measure of the spring’s stiffness), and the extension or compression of the spring from its natural length. This linear relationship is valid within the elastic limit of the material. Hooke's Law was formulated by 17th-century physicist Robert Hooke and remains a foundational principle in the study of Robert elasticity and mechanical systems (Encyclopædia Britannica, n.d.).
 therefore  .
 .
Where the point at the shoes meets, the spring force must be equal to the centrifugal force to allow the shoes to move outwards to contact the drum.
. 
. 
With Fc now being known it is possible for the centrifugal force equation can be transposed to work out angular velocity using the equation below.  
The equation .  Therefore .
. 	.
Now this has been completed it needs to be converted into RPM.  The formula used to convert rad/s into RPM which will give the engagement speed of the centrifugal clutch
.
[bookmark: _Toc197624276]Question 3 

To calculate the radial force acting on the face of the clutch at 550RPM the following equation is used, .  
Known information.
Rotating speed (N) = 550RPM.
Effective radius at engagement () = 95mm (0.095m) plus the clearance distance of 9mm (0.009m) totalling 0.104m. 
Coefficient of friction (µ) = 0.35.
Shoe mass () = 275g or 0.275kg
Stiffness of the spring (k) = 7.5kN/m.
Force on the spring (Fs) = 67.5N
The speed has been given in RPM this needs to be converted to rad/s this is done by using the following equation.     (Johnson, 2023).
.
 = 57.6rad/s.
Now that the angular velocity has been converted into rad/s the force exerted by each shoe can be calculated. 
At a rotational speed of 550 RPM, each shoe experiences a radial force of 27.39 N. Since the centrifugal clutch contains four shoes, the total radial force can be determined by multiplying the force per shoe by the number of shoes. Therefore, the overall radial force acting on the clutch is:
.



[bookmark: _Hlk189823023][bookmark: _Toc197624277]Question 4
	
[bookmark: _Hlk189823010]To determine the torque transmitted to the driven shaft by the centrifugal clutch, several factors must be considered: the radial force exerted by each shoe, the coefficient of friction between the shoe and the drum, and the radius at which this frictional contact occurs
Known information.
Shoe mass () = 275g (0.275kg).
Rotating speed (N) = 550RPM.
Radial force per shoe (Fc) (calculated for question 3) = 27.39N.
Coefficient of friction (µ) = 0.35.
Effective radius at engagement () = 95mm (0.095m) plus the clearance distance of 9mm (0.009m) totalling 0.104m.
The process begins with calculating the frictional force acting on each shoe. This is found using the equation:  ,  therefore .
Once the frictional force has been now, the torque generated by a single shoe Tshoe can be calculated. This is done by multiplying the frictional force by the effective radius at which the force acts, this is done using the following equation. 
 therefore 
Tshoe = 0.99736Nm.
Finally, to determine the total torque transmitted by the clutch, the torque produced by one shoe is multiplied by the total number of shoes. The total torque transmitted is worked out in the following equation. 










[bookmark: _Toc197624278]Question 5 


[bookmark: _Toc197624250]Figure 3- Torque v RPM Graph from 450RPM to 700RPM
To calculate and plot the transmitted torque at the driven shaft against the driving shaft speed (from 450 RPM to 700 RPM in increments of 25 RPM), we first determine the radial force acting on each shoe, which depends on the RPM. Using the coefficient of friction and the radius at which friction occurs, we can then calculate the frictional force per shoe. The torque for each shoe is found by multiplying this frictional force by the effective radius. Finally, the total torque is calculated by multiplying the torque from a single shoe by the number of shoes.







[bookmark: _Toc197624279]Question 6
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[bookmark: _Toc197624251]Figure 4- Torque v RPM Graph with differing Values of Coefficient of Friction (µ) Added

The graph in Figure 4 demonstrates how transmitted torque varies with RPM for different coefficients of friction (μ=0.3,0.35,0.4μ=0.3,0.35,0.4).
Key Observations:
1. Engagement Speed – At 450 RPM, no torque is transmitted because the centrifugal force is not sufficient to overcome the spring force and engage the clutch. The engagement point shifts slightly depending on the value of μ.
2. Effect of Increasing the Coefficient of Friction – As μ increases, the torque transmitted at the same RPM becomes greater. This increase is almost directly proportional to μ, as torque depends on frictional force, which is proportional to μ. The shape of the curves remains similar, but the torque values shift accordingly.
3. Torque Increase with Speed – Once the clutch engages, the torque increases in a non-linear fashion with speed. At higher RPMs, the centrifugal force acting on the shoes grows stronger, resulting in greater normal forces and thus higher frictional torque.
Findings:
· A higher μ enhances torque transmission, which is beneficial for applications requiring stronger grip.
· However, excessive friction may lead to higher wear rates and potential overheating of the clutch components.
· In practice, a balance must be maintained between friction, wear, and overall performance to ensure the system operates efficiently and reliably.


[bookmark: _Toc197624280]Question 7

To determine the angular acceleration (αα) of the drum at maximum torque, we can apply the rotational version of Newton’s second law:

Where:
· T is the maximum transmitted torque (Nm),
· I is the moment of inertia (Kgm2)
· α is the angular acceleration (rad/s²).
Given:
· M=0.75 kgM=0.75kg (mass of the drum),
· R=0.104 mR=0.104m (radius of the shoes in their resting position, which is 95 mm + 9 mm clearance to the outer drum),
· The drum is assumed to be a solid disc with a mass of 0.75 kg.
To calculate the moment of inertia for a solid disc, we use the formula:
 
The next step is to determine the maximum transmitted torque, which, as shown in Figure 4, is approximately 14 Nm at 700 RPM.
To calculate the maximum torque at 700 RPM, we first convert the RPM value into angular velocity using the following formula:


Next, we calculate the force acting on each shoe. The force per shoe is determined as follows: 

The individual force of 86.18 N is then multiplied by 4, as there are four shoes, resulting in a total force of 344.72 N. After applying the coefficient of friction (μ=0.4μ=0.4), the frictional force is calculated as:


From this, we find that the torque value shown in Figure 4 is 14.34 Nm.
Now that we have both the transmitted torque (T) and the moment of inertia (I), we can rearrange the original equation to solve for angular acceleration (α):


[bookmark: _Toc197624281]Question 8

In order to calculate the maximum possible angular acceleration for the drum we use the same equation as question 7:

T = Maximum possible transmitted torque (Nm)
I = Moment of inertia (Kgm2)
α = Angular velocity (rad/s2)

To determine the maximum possible angular acceleration (αα) for the drum, we can use the information provided and apply the relationship between torque and angular acceleration.
Given:
· Tangential braking force Ft = 500N
· Driven shaft diameter d = 17.5 mm (which gives a radius r shaft = 8.75 mm = 0.00875m

The torque is the product of the tangential force and the radius at which the force is applied. Since the braking force is acting at the radius of the driven shaft, we calculate the torque from point 7, we know the maximum transmitted torque from the centrifugal clutch is approximately T=14.34 Nm and the moment of inertia I was previously calculated.
Using the equation for angular acceleration:














[bookmark: _Toc197624282]Conclusion

Centrifugal clutches, though largely outpaced by fluid and electromagnetic clutches in some industries, still serve as a vital component in small engine equipment and machinery. Their ability to operate with minimal complexity, cost, and maintenance makes them ideal for applications where high precision or performance is not critical. The development of centrifugal clutches has been closely linked to advancements in materials science and mechanical engineering, ensuring their continued relevance in certain applications.
This report also highlights the growing role of electromagnetic clutches in modern automation, offering a more controlled and precise means of torque transmission for high-tech applications. While centrifugal clutches continue to offer advantages such as simplicity and reliability, the trend towards automation in manufacturing processes is driving the adoption of electromagnetic clutches, which can meet the demands for precision and adaptability in modern systems.
Through detailed calculations and analysis, this report demonstrates how centrifugal clutches perform under varying conditions and shows the impact of design parameters such as coefficient of friction on their performance. Finally, the effect of external braking forces on the system’s angular acceleration is examined, providing insight into how centrifugal clutches can be optimized for different mechanical applications.
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