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Task A

[bookmark: _Toc182242979]Introduction

Centrifugal clutches are vital for small, motorised equipment due to their simplicity and automatic engagement. They offer a practical solution for tools and small machinery, with ongoing advancements improving their efficiency. This report explores the materials, applications, and advantages of centrifugal clutches, alongside the role of electromagnetic clutches in automated manufacturing.

















[bookmark: _Toc182242980]Historical Development of the Centrifugal Clutch

Early concepts and initial development of the centrifugal clutch appeared during the 19th century within the locomotive industry (Sirajeddine, 2023). It was developed through the contributions of various engineers. By the 1900s, centrifugal clutches were gaining popularity and being utilised in equipment such as lawn mowers and light industrial machinery. 
The post-war era marked a shift from organic composites to high-performance friction materials that could handle higher speeds and temperatures, improving the longevity of the clutch. As technology progressed into the late 1900s, centrifugal clutches began to incorporate lightweight alloys like aluminium and titanium (Khan et al., 2024). These materials reduced clutch weight while maintaining durability, making them particularly effective in high-speed applications like chainsaws and other small engine machinery.
















[bookmark: _Toc182242981]Design and Mechanics of Centrifugal Clutches

[bookmark: _Toc182242982]Operating Principle

The operation of a centrifugal clutch relies on centrifugal force to engage/disengage the clutch. The centrifugal force increases as the engine speed increases; the shoes within the clutch are forced outward, pressing against the drum and transmitting torque to the driven shaft. When the engine speed decreases, the force drops, causing the clutch to disengage and stop power transmission (Sirajeddine, 2023).

[image: How Does A Centrifuge Work - Centrifuge]
[bookmark: _Toc182243003]Figure 1 – Physics of a centrifugal clutch (PlanMED, 2021)

[bookmark: _Toc182242983]Typical Components and Their Functions

Centrifugal clutches key components:
· Friction Lining: this is located on the outer surface of the shoes and is used to contact the drum. The lining helps hold the drum in place and prevent slipping, enabling efficient torque transfer.
· Shoes: these components move outward with centrifugal force as the engine speed increases. They slide along guideways and initiate contact with the drum. 
· Springs: springs keep the shoes in place at low speeds, ensuring the clutch remains disengaged. As the centrifugal force increases it eventually exceeds the tension force of the spring, allowing the shoes to engage with the drum.
· Drum: the drum houses the clutch shoes. It is connected to the driven shaft and begins to rotate once the clutch shoes make sufficient contact with its inner surface, typically when a specific RPM is reached. This contact allows the drum to transfer torque from the engine to the driven shaft, effectively engaging the transmission system.
· Hub: The hub holds the clutch assembly together and serves as a mounting point. It is critical for proper alignment.
· Spiders/Guides: These are mounted on the motor/drive shaft and are distributed evenly to keep the shoes aligned, ensuring smooth movement (Shivansh Sabhadiya, 2024).

[bookmark: _Toc182242984]Diagram of a Centrifugal Clutch

[image: Centrifugal clutch [3].]
[bookmark: _Toc182243004]Figure 2 - Diagram of a centrifugal clutch (Kholil and Dwiyati, 2021)









[bookmark: _Toc182242985]Choice of Materials for Centrifugal Clutches

Centrifugal clutches are made with carefully selected materials, these include:

· Friction linings use materials such as ceramic or sintered metal for high performance, and Kevlar for durability/heat tolerance (Phoenix Friction, 2022). Higher-performance linings improve torque transfer and reduce wear under extreme conditions. Recent studies are exploring the use of wood powder and coconut fibres as an environmental alternative (Kholil et al, 2021).
· Shoes are often aluminium for lightweight applications. For higher stress applications cast iron and steel are used due to their durability. Lightweight alloys, such as titanium-aluminium, reduce weight without sacrificing strength (Science Direct, 2023). 
· Springs typically use high-carbon or stainless steel for elasticity and corrosion resistance (TEVEMA Marketing, 2024). 
· Drums use cast iron or steel for strength, or composite drums for lightweight applications. 
· Hubs and Spiders/Guides: steel hubs provide the necessary strength and durability to withstand the stress of high RPMs. Guides often use lightweight metals or fibre composites in to reduce wear and improve performance.

Advancements in materials, such as high-strength alloys and carbon-fibre-reinforced polymers, have considerably enhanced the durability and performance of centrifugal clutches by reducing wear and improving heat resistance. Sintered composites, with additives like graphite or copper, now provide better heat dissipation, extending the lifespan of clutches in high-stress applications (Padmanabhan et al., 2023).






[bookmark: _Toc182242986]Applications of Centrifugal Clutches

Centrifugal clutches are widely used in small, motorised equipment. Common applications include:
· Garden Equipment: lawnmowers, chainsaws, and leaf blowers benefit from centrifugal clutches as they enable smooth operation without manual intervention.
· Small Vehicles: go-karts, mopeds and scooters use centrifugal clutches for smooth power transmission without requiring a manual clutch, making these vehicles easier to operate (Sehgal, Pratap and Kuhar, 2017).
· Industrial Machinery: low-power industrial machines, such as concrete mixers, use centrifugal clutches for automatic power control, making them efficient for tasks with variable loads and speeds (Testbook, 2023).
















[bookmark: _Toc182242987]Operating Conditions of a Centrifugal Clutch

Centrifugal clutches operate under varying conditions, which include:
· Temperature: centrifugal clutches must cope with heat generated by friction, especially in high-speed applications; therefore, requiring heat-resistant materials to prevent wear or failure.
· Speed: centrifugal clutches typically engage at engine speeds between 1,500–3,000 RPM, though this can vary (GKG, 2021). The clutch must engage smoothly as speed increases, ensuring reliable torque transfer without slipping.
· Load variations: centrifugal clutches are designed to handle intermittent loads by engaging and disengaging as needed based on speed rather than directly responding to load fluctuations.
















[bookmark: _Toc182242988]Advantages and Disadvantages of Centrifugal Clutches

Centrifugal clutches offer several distinct advantages suitable for small engine applications:
· Automatic Engagement: they require no manual control, automatically engaging as engine speed increases.
· Safety and Simplicity: by disengaging at low speeds, they provide an additional safety feature, reducing power transmission when the engine is idle.
· Low Maintenance: they are simpler to maintain than alternative clutches, with fewer components and simpler mechanics requiring routine adjustments or repairs. 
· Cost-Effectiveness: compared to electromagnetic clutches, centrifugal clutches are relatively affordable, both in initial cost and ongoing maintenance.
Unlike fluid clutches, which use hydraulic fluid for smooth engagement, centrifugal clutches are more straightforward and economical. This simplicity makes them particularly well-suited for small engines where automatic engagement and low maintenance are priorities (BLM Team, 2019).

However, centrifugal clutches also have disadvantages:
· Limited torque capacity: Centrifugal clutches may not be appropriate for applications requiring high torque as they have a limited capacity.
· Slipping: Slipping is common with centrifugal clutches and can damage parts of the clutch such as the friction lining and drum (Peterson, 2023).
· Lack of control over engagement: In high-performance applications that require precise control over engagement, centrifugal clutches may not be suitable. They are designed to engage automatically at a specific RPM threshold, limiting the operator’s ability to adjust/control engagement points according to varying needs.






[bookmark: _Toc182242989]Introduction to Electromagnetic Clutches

Electromagnetic clutches use an electromagnet to engage and disengage, using an electric current. When current flows through the electromagnet, it creates a magnetic field that pulls an armature, which engages the clutch and transfers torque from the driving shaft to the driven shaft. This allows for precise control over clutch operation, making them ideal for applications requiring accurate engagement/disengagement (Jaber, 2024).

[image: Schematic showing the components of an electromagnetic clutch]
[bookmark: _Toc182243005]Figure 3 - Diagram of an Electromagnetic Clutch (Jaber, 2024).








[bookmark: _Toc182242990]Advantages and Disadvantages in Automation

Electromagnetic clutches provide several benefits for automated manufacturing:
· High Precision and Speed: they engage/disengage quickly and accurately, making them suitable for high-speed applications, such as robotics and assembly lines, where timing is critical (KTSales, 2024).
· Infrequent Maintenance: as the clutch does not mechanically wear, maintenance occurrences are low which results in lower costs and less down-time. 
· Reliability and Durability: as they do not rely on mechanical contact for engagement but instead engage magnetically, less wear occurs lengthening their lifespan
· Remote and Automated Control: these clutches can be controlled remotely, making them highly suitable for integration with computerised and automated systems.
· Energy Efficient: electromagnetic clutches consume power only when engaged.
· [bookmark: _Hlk182150991]Control: electromagnetic clutches allow for precise control over power transmission and rapid response time which results in swift engagement/disengagement. 
· Torque: electromagnetic clutches can transmit high torque efficiently, making them suitable for heavy-duty applications. Torque transmission can be adjusted by controlling the current supplied (OGURA, 2024).
In automated manufacturing, where processes must be repeated with exact timing and precision, electromagnetic clutches are invaluable (Dr Solenoid, 2024).

However, electromagnetic clutches also come with drawbacks:
· Power dependent: electromagnetic clutches rely on a power source and therefore are vulnerable to electrical issues. In the event of a power failure, the clutch will cease to function, as it relies on engine speed to engage.
· Cost: the materials and technology used within the clutch makes it expensive especially compared to centrifugal clutches.
· Maintenance needs: when maintenance is required, the complexity of the clutch assembly and the specialised materials used can make maintenance and replacement parts costly and time-consuming; often resulting in increased downtime and higher overall operating costs (Somani, 2023).
[bookmark: _Toc182242991]Applications of Electromagnetic Clutches in Modern Automation 

Electromagnetic clutches are used for environments where timing, efficiency, and precision are vital. They are utilised in modern automation for various applications such as:
· Robotics: electromagnetic clutches allow for precise movement control. This enables robots to carry out detailed tasks with high accuracy (SG Transmission, 2021).
· Conveyor Belts: electromagnetic clutches are widely used in automated conveyor systems to manage start/stop sequences smoothly, optimising the flow of materials (Morgan, 2023). Control over engagement/disengagement is essential in manufacturing plants.
· Automotive: electromagnetic clutches are used for power steering as well as air conditioning systems where controlled engagement enhances performance and safety (Jaber, 2024).
· Aerospace: due to their ability to accurately transmit torque, electromagnetic clutches are employed in aviation to manage precise control of power transfer on an aircraft (SEPAC, 2024).















[bookmark: _Toc182242992]Conclusion

Centrifugal and electromagnetic clutches illustrate how clutch technology has adapted to meet the diverse needs of modern engineering. Centrifugal clutches have provided a reliable, low-cost solution for small, motorised equipment requiring automatic engagement, with material advancements enhancing their durability and performance. In contrast, electromagnetic clutches have enabled precise and efficient power transmission in automated manufacturing processes, where timing and control are paramount. Together, these technologies showcase the adaptability of clutch designs to meet both traditional and advanced industrial requirements.



















Task B

Please see the Appendix for Task B questions.

Known values converted to SI units:
Mass of each shoe m = 275grams = 0.275kg 
Stiffness of the spring k = 7.5kN/m = 7500N/m
Coefficient of friction μ = 0.35
Centre of mass radius (of each shoe from the shaft centres at rest position) r = 95mm = 0.095m
Clearance distance/ gap between the shoes and inner drum c = 9 mm = 0.009 m
Outer drum wall thickness t = 4mm = 0.004 m
Number of shoes: 4














[bookmark: _Toc182242993]Question 1

The outer drum's inner radius rinner ​ is given by the sum of the centre of mass radius and the clearance distance:



Include the wall thickness on either side:
















[bookmark: _Toc182242994]Question 2

The engagement speed is the speed at which the shoes contact the outer drum, overcoming the force of the spring. The force exerted by the spring is given by Hooke's Law:



k = 7500N/m
c = 0.009m


Therefore 67.5N is the tension force of the spring () when its extension is 9mm. This means that for the shoes to contact the drum the centrifugal force must be equivalent. To calculate the speed at which the forces are equal, use the formula  
The formula can be arranged to find angular velocity: 
F = 67.5N
m = 0.275kg
r = 0.104m





























[bookmark: _Toc182242995]Question 3

Driving shaft speed = 550RPM 
rad/s = RPM/ ()
550() = 57.596rad/s 
Substituted into the equation  to work out radial force:
ω = 57.596rad/s
r = 0.095m
m = 0.275kg


Given the force of the spring was 67.5N, this must be subtracted this from 94.875N.

As 27.375 is for one shoe, it must be multiplied by the number of shoes in the clutch.

The radial force acting on the clutch when the driving shaft is rotating at 550RPM = 109.5N








[bookmark: _Toc182242996]Question 4

Driving shaft is rotating at speed = 550RPM 



Using the known information; to calculate the torque transmitted, use the formula:

F = 109.5N
r = 0.104m
µ = 0.35












[bookmark: _Toc182242997]Question 5

Mass of each shoe m = 275grams = 0.275kg 
Coefficient of friction μ=0.35
r = 0.104m 
Fspring = 67.5N
No. of shoes = 4

To calculate the transmitted torque at the driven shaft against driving shaft speed and create a graph, MATLAB can be utilised. To mathematically calculate each torque, follow these steps:
1. Firstly, RPM must be converted to radians using 
2. Use ω to find  using the formula 
3. To work out the total force per shoe () substitute into 
4. As  is per shoe, multiply  per number of shoes to get  e.g. 
5. Use ,  and  to calculate the transmitted torque  using 
Repeat this process for each RPM value in the given range, in increments of 25RPM.

Example using 450RPM:
Firstly, convert to radians.






As the net force is negative, this indicates that there is no engagement.




As displayed at 450RPM on the graph below the transmitted torque is roughly 0.5Nm, supporting the calculation.

[image: A graph with a red line

Description automatically generated]
[bookmark: _Toc182243006]Figure 4 - Graph displaying the transmitted torque against the driving shaft speed when the coefficient is 0.35



[bookmark: _Toc182242998]Question 6

To calculate the torque transmitted at various speeds when the coefficient of friction changes, one can repeat the calculations stated above but replace  with the adopted coefficient. 
 


 

This value is consistent with the graph.

[image: A graph of a graph showing the effect of friction on transmission

Description automatically generated]
[bookmark: _Toc182243007]Figure 5 - Graph displaying the transmitted torque against the driving shaft speed with varying coefficients

At low speeds e.g., 450 RPM, where centrifugal force Fcentrifugal ​ is too weak to overcome the spring force Fspring, changing the coefficient μ has no effect on torque, as the shoes do not engage. At higher speeds, when Fcentrifugal is greater than Fspring and the shoes engage, a higher μ e.g., 0.4 significantly increases the transmitted torque; whereas a lower μ e.g., 0.3, results in lower torque transmission. This is because, the higher the coefficient the greater the grip the shoe friction lining has on the drum resulting in less slipping. This increased grip allows more torque to be transferred from the clutch to the driven shaft, as there’s less relative movement. Choosing μ requires balancing torque needs with material durability. It’s important to note, the graph does not consider external factors acting on the clutch such as oil, wear or swarf that could affect the performance of the clutch.

















[bookmark: _Toc182242999]Question 7

I will determine the maximum torque from question 5, using the coefficient of 0.35.

k = 7500N/m
d (clearance) = 0.009m
r = 0.108m (radius + wall thickness = 0.104 + 0.04)
Maximum RPM: 700RPM
m (mass of drum) = 750grams = 0.75kg
maximum possible transmitted torque: 700RPM
μ = 0.35 (as used in question 5)	
Fnet = total force per shoe











Now to work out angular acceleration:

As the drum is considered a solid disc, to work out the moment of inertia I this equation can be used: 



Now substitute into the formula: 


















[bookmark: _Toc182243000]Question 8

Dshaft (diameter of the driven shaft) = 17.5mm = 0.0175m

rshaft = 0.00875m
Fbrakimg (tangential braking force applied to the driven shaft) = 500N 
Tmax = 12.55Nm
I = 0.004374kgm2 
Using the equation for torque 
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Consider the centifugal clutch above that comprises of four ‘shoes' symmetically attached to the
‘spider’. Each shoe wih is fiction lining has a mass of 275 grams and is attached by means of a
finear mechanical spring with a stifiness value of 7.5 kb/m. The coefficient of friction of the
material aftached o 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, ie. 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.

1) Whatis the diameter of the outer drum?

2) Determine the engagement speed of the centrifugal clutch. You should provide your
answerin RPM (revolutions per minute) and rounded to the nearest whole value of RPM

3) Calculate the radial force acting on the clutch face when the driving shaft s rotating at a
‘speed of 550 RPM.

4) Atthe driving shaft speed of 550 RPM, what will be the value of torque transmitted to the
driven shaft?

5) Using either Matlah,or MS Excel, calculate and plot on a suitable graph the ransmitted
torque at the driven shaft against driving shaft speed, ffom 450 RPM to 700 RPM in
increments of 25 RPM.

6) Undertake the same analysis as in point 5 above but adopt a coefficient of friction of 0.3
and 0.4. Discuss the effect of changing the coefficient officton of the shoe material on the
torque transmitied when comparing the three values of coeffiient of fiction

7) For the maximum possible transmitted torque determined from either point 5 or 6 above,
and given that the mass of the drum is 750 grams and can be considered as a solid disc,
whatis the angular acceleration of the drum to achieve the maximum possible torque?

8) Ifthe driven shaft had a diameter of 17.5 mm and a constant tangential braking force of
500 N was applied {o the driven sha, determine the maximum possible angular
acceleration for the drum s given in point 7 above.
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