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[bookmark: _Toc182165881]Task A
[bookmark: _Toc182165882]Objectives
This report aims to examine the development, applications, and operational principles of centrifugal clutches, which remain relevant in specific areas of small motor equipment despite being primarily replaced by fluid mechanical clutches. It will explore the evolution of the centrifugal friction clutch, discussing the material choices, construction, and performance characteristics that have made it suitable for various applications. Through appropriate diagrams and technical analysis, the report will highlight the operating conditions and advantages of centrifugal clutches, such as their simplicity and reliability in small engines. Additionally, the report will delve into the modern use of electromagnetic clutches within automated manufacturing processes, analysing how they enhance precision and efficiency in contemporary industrial automation.
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[bookmark: _Toc182165884]Introduction
The centrifugal friction clutch has significantly developed power transmission systems, especially in applications where automatic and gradual engagement is beneficial. Initially developed in the late 19th century, centrifugal clutches became essential in various small machinery and low-torque applications, enabling smooth power transfer without requiring manual intervention (Toulas, 2018). Their design, relying on centrifugal force to initiate engagement, proved advantageous in early industrial machines and smaller vehicles, providing a dependable mechanism that responded directly to engine speed. As technological advancements took hold in the mid-20th century, centrifugal clutches were adopted widely in small engine equipment, such as lawnmowers, go-karts, and chainsaws. Improvements in spring and friction materials allowed these clutches to withstand higher torque demands, further expanding their use in recreational vehicles and portable industrial equipment (Toulas, 2018).
In modern manufacturing and automation, however, the need for precision and real-time control has led to the adoption of electromagnetic clutches, which offer the accuracy, speed, and programmability required by automated systems (Testbook, 2023). While centrifugal clutches remain relevant in applications where simplicity and durability are priorities, electromagnetic clutches have gained traction for their ability to integrate seamlessly with computer-controlled operations, enabling precise control over manufacturing processes (Testbook, 2023). This report examines the evolution and operating principles of centrifugal clutches, discussing material choices and applications before exploring the advantages and increasingly prominent role of electromagnetic clutches in automation.

[bookmark: _Toc182165885]Basic Principle
The working principle of a centrifugal clutch involves the use of centrifugal force. As the engine speed increases, weights (or shoes) within the clutch assembly are flung outward due to centrifugal force, pressing against the clutch drum and engaging the drive. Conversely, when the engine speed decreases/ when RPM drops, the weights retract, the centrifugal force diminishes, disengaging the clutch (MechStudies, 2023).


[bookmark: _Toc182165886]Development of the Centrifugal Clutch
[bookmark: _Toc182165887]Early Development
Initially developed in the late 19th and early 20th centuries, centrifugal clutches were found to be used in basic machinery where a soft engagement was desired, like in early industrial machines and smaller vehicles. The first centrifugal clutches used simple weight-and-spring mechanisms (Toulas, 2018). This early design was fundamental to light equipment and was adapted to agricultural tools and smaller industrial machines.
[bookmark: _Toc182165888]Advancements in Technology
Centrifugal clutches became widely popular in the mid-20th century in lawnmowers, go-karts, and chainsaws driven by the need for an automatic clutch that engages at specific RPMs without manual control developing improved spring and friction materials led to more robust clutches that could withstand higher torque, expanding their applications into more demanding environments (Yousef, 2024).

[image: Centrifugal Clutch | Working Principle , Parts and Application][bookmark: _Toc182150384][bookmark: _Toc182160276]1 - Centrifugal Clutch (Yousef, 2024)



[bookmark: _Toc182165889]Choice of Materials 
The materials used in the production of centrifugal clutches have a significant impact on their performance and dependability:
[bookmark: _Toc182165890]Friction Shoes 
Common materials include organic compounds and composite materials (like rubberized cork or asbestos replacements). Modern clutches use semi-metallic or carbon-based friction materials. High friction coefficient, wear resistance, and thermal stability are critical (Engineering Design, 2023). These materials ensure consistent performance across varying temperatures.

[bookmark: _Toc182165891]Springs
Springs are typically steel, selected for their tensile strength and ability to withstand repeated loading cycles without significant fatigue. The stiffness and fatigue resistance of the springs affect engagement RPM and durability. Spring constants are fine-tuned to control the exact engagement point (Engineering Design, 2023).

[bookmark: _Toc182165892]Clutch Drum and Hub
Steel and cast iron are commonly used due to their high resistance to wear and heat dissipation properties. To minimise wear and prolong life, clutch drums are often treated with coatings or finishes that reduce friction and enhance durability (Engineering Design, 2023).

[bookmark: _Toc182165893]Typical Applications
Centrifugal clutches are widely used in several applications. Some of the more frequent uses are:
Small engines (e.g., chainsaws, lawnmowers) These engines benefit from the clutch’s simplicity and automatic engagement (Pratik, 2024), which allows the operator to control speed by merely adjusting throttle.
Go-Karts and Minibikes. They engage at preset RPMs, preventing excessive wheel spin and making it easier for operators, especially novices.
Portable Industrial Equipment (e.g., concrete mixers). Centrifugal clutches facilitate smooth start-up without a jolt, reducing wear on components and improving operator safety (Pratik, 2024).

[bookmark: _Toc182165894]Operating Conditions
The typical environments and conditions in which centrifugal clutches operate require specific considerations:
Friction materials in centrifugal clutches must withstand high temperatures, often reaching up to 200°C during peak operation. This temperature resistance is necessary because friction-generated heat can accumulate quickly, especially during high-load or continuous use. In applications with less demanding requirements, materials that can handle lower temperatures may be selected to optimise cost and performance (Guide, 2019).
Centrifugal clutches are designed to engage at specific RPM ranges. For small, light-duty machinery, engagement commonly begins around 1,000-1,500 RPM. In contrast, larger or more powerful equipment may require a higher engagement RPM to accommodate the greater forces involved (Guide, 2019). Adjusting the engagement RPM based on application needs ensures that the clutch engages only when the appropriate speed is reached, helping to prevent undue wear and unnecessary power transfer.
Another consideration for centrifugal clutches experience is the gradual wear on their friction surfaces due to repeated engagement and disengagement. Intermittent loads, common in many industrial applications, can accelerate this wear if not properly managed. To mitigate wear, it’s essential to choose durable friction materials and apply proper lubrication (Awrejcewicz, 2015). Routine maintenance, including inspections and lubrication, is key to extending clutch life and maintaining consistent performance, especially in heavy-use applications.


[bookmark: _Toc182165895]Advantages of a Centrifugal Clutches
Centrifugal clutches provide numerous advantages, particularly in applications involving small motor equipment where simplicity, automatic operation, safety, and reliability are crucial. Some of the key advantages include:
Centrifugal clutches engage automatically based on engine RPM, eliminating the need for manual intervention (The BLM Team, 2019). This feature is beneficial in small machines like go-karts, chainsaws, and lawnmowers, making them easier for users, especially novices, to operate safely.
The design of centrifugal clutches allows for a gradual transfer of power, reducing sudden jolts and wear on the drivetrain. This smooth engagement enhances equipment longevity and provides a more comfortable operating experience, especially in machines that undergo frequent starts and stops (The BLM Team, 2019).
With fewer components and a simpler mechanical design than other clutch types, centrifugal clutches generally require less maintenance. They are reliable and cost-effective for long-term use in low to moderate torque applications.
In tools like chainsaws, centrifugal clutches disengage automatically when the engine is idling, preventing unintentional movement of the blade (The BLM Team, 2019). This automatic disengagement offers an additional layer of safety, reducing risks when the equipment is not actively in use.
Centrifugal clutches are generally smaller and lighter compared to other types, which is ideal for portable tools and small machinery where space and weight constraints are critical factors. This compactness makes them particularly suited to applications in handheld power tools and small engines (M, 2024).
Due to their straightforward design, centrifugal clutches are typically less expensive to produce and maintain. This cost advantage makes them suitable for small engine applications that need an economical yet reliable clutch solution (M, 2024).


[bookmark: _Toc182165896]Current Applications of Electromagnetic Clutches
[image: A diagram of a machine

Description automatically generated]As manufacturing processes have evolved, the demand for precise, rapid, and programmable control in machinery has led to the widespread adoption of electromagnetic clutches in automated systems. Unlike centrifugal clutches, which rely on rotational speed for engagement, electromagnetic clutches utilise electric currents to generate a magnetic field, providing highly accurate and programmable control over engagement and disengagement (Yanthrist, 2024).[bookmark: _Toc182150385][bookmark: _Toc182160277]2 - Electromagnetic Clutch Diagram (Admin, 2019)


Electromagnetic clutches allow for exact timing of engagement and disengagement, which is essential in automated manufacturing settings. This precise control enables synchronised operations in complex machinery, making them indispensable in applications like CNC machines, robotic arms, and conveyor systems (Yanthrist, 2024). The ability of this clutch to engage and disengage rapidly makes it suitable for high-speed operations where timing is critical. This rapid response minimises delays and enhances the efficiency of production lines, where downtime must be minimal.
The electromagnetic clutch can be easily integrated into computerised control systems, allowing for fully automated and programmable operation (Yanthrist, 2024). This compatibility with computer-aided control is ideal for Industry 4.0 environments, where machines are interconnected for optimised and adaptive manufacturing.
Compared to centrifugal clutches, electromagnetic clutches can handle higher torque loads, making them appropriate for heavier-duty applications in manufacturing. Their robustness and torque-handling capabilities are essential for high-load operations like stamping, machining, and other industrial processes (Jaber, 2024).
Since engagement is achieved through a magnetic field rather than direct mechanical contact, these clutches experience less wear over time. This durability makes them well-suited for continuous use in manufacturing environments, where reliability and minimal downtime are priorities (Jaber, 2024).



[bookmark: _Toc182165897]Conclusion
The development of centrifugal friction clutches has significantly influenced small motor equipment over the last century, providing reliable, automatic engagement in various applications. While they have been largely supplanted by fluid mechanical clutches in heavy-duty contexts, their advantages in ease of use and maintenance keep them relevant.
Meanwhile, the rise of electromagnetic clutches marks a new era in automation, providing precision and flexibility that are essential for modern manufacturing processes. As technology continues to evolve, both types of clutches will likely coexist, each serving its purpose in the spectrum of mechanical engineering applications.









[bookmark: _Toc182165898]Task B
[bookmark: _Toc182165899][image: Draw the constructional details diagram of centrifugal clutch. Explain its  working principle | Mechanical Engg Diploma Topicwise Paper Solution]Questions[bookmark: _Toc182160278]3 - Centrifugal Clutch Diagram (MechDiploma, 2021)



Consider the centrifugal clutch above that comprises of four ‘shoes’ symmetrically attached to the ‘spider’.  Each shoe with its friction lining has a mass of 275 grams and is attached by means of a linear mechanical spring with a stiffness value of 7.5 kN/m.  The coefficient of friction of the material attached to the shoes is 0.35.  The centre of mass of each of the shoes is at a radius of 95 mm from the shaft centres in the rest position shown above, i.e. can be considered as the distance to ‘edge’ of shoes and have a clearance distance of 9 mm to the outer drum.  The outer drum has a wall thickness of 4 mm. 




[bookmark: _Toc182165900]Question One
Given Information:
- Radius of the edge of each shoe in the rest position shoe): 95mm
- Clearance between the shoe and the drum: 9mm
- Thickness of the drum wall: 4mm
The inner radius of the outer drum can be found by adding the radius of the edge of the shoes and the clearance:


The outer radius can be found by adding the thickness of the drum wall to the inner radius:
 
 
The diameter is twice the outer radius: 



The diameter of the outer drum is .

[bookmark: _Toc182165901]Question Two
Given Information:
· Springs have a stiffness value of 7.5kN/m (converted to SI units = 7500 N)
· Distance to engagement is 9mm (converted to SI units = 0.009m

Using Hooke’s Law formula 

The tension force of the spring, which is present at 9mm of extension, is negative 67.5N. For the shoes to make contact with the drum, centrifugal force must apply an equal amount of force. To calculate the speed at which this centrifugal force is generated, the centripetal force formula of  can be used.
Force () 
Mass () 
Radius () 


When rearranging the formula for angular velocity, you get the following:
2  

2  

2 

  

 rad/s or  RPM

 RPM

[bookmark: _Toc182165902]Question Three
To determine the centrifugal or radial force acting upon the clutch face, the formula: 
2


Known Information:
Mass () of single clutch shoe = 0.275g or 0.275kg in SI units
Angular velocity () = 550 RPM or 57.596 rad/s in SI units
Radius of the drum () = 104mm or 0.104m in SI units

 2 


The value of -67.5N must be deducted from the above answer for F, given that there is a spring with a force of -67.5N at this radius. Consequently, 

The figure of 27.375 must be multiplied by four as the clutch drum surface is being acted upon by four shoes.



[bookmark: _Toc182165903]Question Four
To calculate torque (), the formula   can be used
Known Information:
Force () = 109.5N
External Radius () = 0.104m
Friction Coefficient () = 0.35




[bookmark: _Toc182165904]Question Five
The force  that the shoes apply to the drum, the friction coefficient , and the effective radius are used to determine the transmitted torque . Increased centrifugal force causes a rise in speed, which impacts  and, in turn, . With every RPM increase:

Convert RPM to rad/s, or angular velocity ().
Determine the centrifugal force ( at that velocity.
To take into consideration the spring force during engagement, modify .
Utilising the radius , the coefficient of friction , and the modified force , identify the torque .
Convert RPM to Angular Velocity  RPM *  
Calculate Centrifugal Force  =  2 * 
Adjust for Spring Force: The spring exerts a force of , opposing the centrifugal force. Thus, the net force net applied by each shoe on the drum is: 
 = 
Multiply by Four Shoes: Since the clutch has four shoes, the total force on the drum surface is: 
 
Calculate Torque : Using  , where:
· : The total force exerted by all four shoes on the drum.
· : Effective radius (0.104 m)
· : Friction coefficient (0.35)
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Description automatically generated][bookmark: _Toc182160279]4 - MATLAB Code creating a 'Transmitted Torque vs Driving Shaft Speed' Graph (Ball, 2024)

[bookmark: _Toc182160280]5 - Transmitted Toque vs Driving Shaft Speed Graph for a Centrifugal Clutch with a coefficient friction of 0.35, created using MATLAB (Ball, 2024)

[bookmark: _Toc182165905]Question Six
We already have the calculations for transmitted torque at a friction coefficient of 0.35 from Q4
Torque Calculation with Different Coefficients of Friction:
Formula for torque 
where:
 is the radial force acting on the clutch face at different RPMs, calculated in Question 3.
 (radius of the drum).
 is the coefficient of friction (we'll calculate for 0.3, 0.35, and 0.4).

Radial Force () for Different RPMs:
For the RPM range (450 to 700 RPM in increments of 25), we can recalculate  at each RPM.
Recall the formula 2 , where:


The spring force remains  (constant for all RPMs).
Angular velocity ω in rad/s can be converted from RPM using ω = 
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Description automatically generated][bookmark: _Toc182160281]6 - Part one of the MATLAB code created to generate a graph showing the relationship between RPM and Torque on the Driven Shaft of a Centrifugal Clutch - Coefficients of  0.30,  0.35 and  0.40 (Ball, 2024)
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Description automatically generated][bookmark: _Toc182160283]8 - Graph created using MATLAB showing the relationship between RPM and Torque on the Driven Shaft of a Centrifugal Clutch - Coefficients of μ 0.30, μ 0.35 and μ 0.40 (Ball, 2024)

The torque transferred from the driven shaft to the clutch is impacted by the shoe friction material's friction coefficient, as seen in Figure 8 above. For all three values of μ, transmitted torque increases as the driving shaft speed increases. This suggests a direct relationship between driving shaft speed and transmitted torque. The graph indicates that at any given driving shaft speed, a greater coefficient of friction leads to a higher transmitted torque. The torque values are highest on the yellow line (μ = 0.40), followed by the orange line (μ = 0.35), and lowest on the red line (μ = 0.30). This pattern suggests that friction has a major impact on the torque transferred.

[bookmark: _Toc182165906]Question Seven
To calculate the angular acceleration to achieve the maximum torque of the clutch:
 
Torque () is known to be 12.54 N/m from previous equations. Inertia () is unknown. () can be found from using the below formula:
The drum is considered a solid disc, hence the following formula.
2
2
2
Now that (I) has been determined, Angular Acceleration (a) can be solved using:


2
2

[bookmark: _Toc182165907]Question Eight
Given Information:
Diameter of the driven shaft 
Tangential braking force  
Maximum torque of the clutch (from previous calculations) 
Moment of inertia of the drum 2 (from previous calculations)
The radius of the driven shaft is half the diameter.
 
The torque created by the tangential braking force  is:
 = 

 

The net torque () acting on the drum is the maximum torque produced by the clutch minus the opposing braking torque:
 

 

Using:  where  is the moment of inertia:
 = 2

The maximum possible angular acceleration for the drum, considering the braking force:
2
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% Parameters given in the problem

mass = 0.275; % Mass of a single clutch shoe in kg
stiffness = 7500; % Spring stiffness in N/m

clearance = 0.009; % Clearance distance in meters

mu = @.35; % Coefficient of friction

radius = @.104; % Effective radius in meters

spring_force = stiffness * clearance; % Spring force at engagement in N

% Define RPM range from 450 to 700 in increments of 25
rpm_values = 450:25:700;

% Preallocate array to store torque values
torque_values = zeros(size(rpm_values));

% Calculate the torque at each RPM value
for i = 1:length(rpm_values)
rpm = rpm_values(i);
omega = rpm * 2 * pi / 60; % Convert RPM to rad/s

% Calculate centrifugal force
centrifugal_force = mass * omega’2 * radius;

% Adjust force to account for spring force at engagement
adjusted_force = (centrifugal_force - spring force) * 4; % Four shoes

% Calculate torque
torque_values(i) = adjusted_force * radius * mu;
end

% Plotting the results

figure;

plot(rpm_values, torque_values, 'b-o','LineWidth', 1.8);
xlabel('Driving Shaft Speed (RPM)');
ylabel('Transmitted Torque (Nm)');

title('Transmitted Torque vs Driving Shaft Speed');
grid minor;
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clc
clear
close all

% Constants

mass_shoe = 8.275; % kg (mass of a single shoe)

radius = 0.104; % meters (effective radius of the drum)
spring_force = 67.5; % N (force exerted by the spring)
friction_coeffs = [0.3, 0.35, 0.4]; % coefficients of friction

rpm_range = 450:25:700; % RPM range from 450 to 700 in increments of

% Define colors to match red, orange, and yellow

colors = [1.08, 0.8, 0.0; % Color for p = 0.3 (red)
1.0, 0.5, 0.0; % Color for p = 0.35 (orange)
1.0, 0.84, 0.0]; % Color for p = 0.4 (yellow)

% Preallocate torque data
torques = zeros(length(friction_coeffs), length(rpm_range));

% Calculate radial force at a given RPM
for i = 1:length(rpm_range)
rpm = rpm_range(i);
omega = (2 * pi * rpm) / 6@; % Convert RPM to rad/s
force = (mass_shoe * omega”2 * radius) - spring_force; % Radial force

% Calculate torque for each coefficient of friction
for j = 1:length(friction_coeffs)
mu = friction_coeffs(j);
torques(j, i) = force * radius * mu * 4; % Torque with 4 shoes
end
end

% Plotting the results
figure;
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hold on;
for j = 1:length(friction_coeffs)
plot(rpm_range, torques(j, :), 'LineWidth', 1.5, 'Color', colors(j, :),
‘DisplayName’, sprintf('\\mu = %.2f', friction_coeffs(j)));
end
xlabel( 'Driving Shaft Speed (RPM)');
ylabel('Transmitted Torque (N-m)');
title('Transmitted Torque vs. Driving Shaft Speed at Different Coefficients
legend('show', 'Location', 'northwest'); % Move legend to the left
grid minor;
hold off;

of Friction');
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