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1.0 Introduction 
The first section of this report covering Task A will cover the development/history of the centrifugal clutch and typical applications, operating conditions and choice of materials. This report will also cover how the manufacturing industry has progressed towards automated processes and how this ties into the use of electromagnetic clutches. Task B will cover the practical application of a centrifugal clutch involving mathematical calculations and descriptive wiring of observations.
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2.0 History / Development of Centrifugal Clutches 
Below is a timeline showing the development of the use of Centrifugal clutches.
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3.0 Operating Conditions and Working Principle of Centrifugal Clutches
Centrifugal clutches, also known as friction clutches, are mechanical devices that use friction as the principle behind the operation. They are generally used in rotary equipment and automatically transmit torque from the driveshaft to the driven component providing a soft start without any load engagement (Lancereal, 2019). 
To give a better understanding of how the clutch operates, each component's function will be covered. 


3.0 Operating Conditions and Working Principle of Centrifugal Clutches
Shoes
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3.0 Operating Conditions and Working Principle of Centrifugal Clutches
[image: (Mechancial Booster, 2021) (1)]
(Mechancial Booster, 2021)(1)
Drum
The drum contains all components and acts as protection. The generated torque from the operation of the clutch is transmitted through the drum (Mechstudies, 2021). 
Spider 
The spider is controlled by the springs within each shoe, they are mounted on the driven shaft, and each spider is separated by the same angle if there is more than one shoe. The shoes absorb the generated friction and slide between the spiders (Mechstudies, 2021).
Driving Shaft 
The driving shaft causes the shoes of the clutch to move out radially; if the speed of the driving shaft is high enough to induce a large enough centrifugal force to overcome the spring force, the shoes will engage with the drum. 

3.0 Operating Conditions and Working Principle of Centrifugal Clutches
Operating Conditions 
The magnitude of the centrifugal force is based on the speed of rotation of the shoes. The force exerted by the springs, known as the spring force, is constant. 
There are three operating scenarios that a centrifugal clutch can undergo, which all rely on the difference between the centrifugal force and spring force.
1) Centrifugal force < Spring Force 
In this scenario, the shoe will remain in a resting position (i.e., the same position it was in when the driving shaft was stationary), or if the shoes were engaged with the drum, the springs would disengage the shoes from the drum (Patel et al., 2013). The speed of the driving shaft is not fast enough to cause the shoes to exert outwards to make contact with the drum. 
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(Mechancial Booster, 2021)(2)
2) Centrifugal force = Spring Force 
In this scenario, the spring will float (Patel et al., 2013).


3.0 Operating Conditions and Working Principle of Centrifugal Clutches
Operating Conditions
3) Centrifugal force > Spring Force
In this scenario, the springs within each shoe will cause the shoes to move outwards and engage with the drum. The difference between the forces in this scenario affects how hard the shoe will press against the driven member and the amount of torque transmitted (Patel et al., 2013). The speed of the driving shaft is fast enough to cause the shoes to exert outwards to make contact with the drum.
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(Mechancial Booster, 2021)(2)
Based on the findings of this section, the operation of a centrifugal clutch can be summarised as the difference between the spring force that acts radially inwards and the centrifugal force that acts radially outwards so long as the centrifugal force exceeds the spring force the clutch will operate. 


4.0 Choice of Materials for Centrifugal Clutches
The primary material used throughout a centrifugal clutch is cast iron and high carbon steel (Gaunt, 1971). However, there are several choices available for frictional materials that suit various applications. 
When choosing the frictional material for the lining of a centrifugal clutch, there are several options to consider; the material should have the following properties to perform optimally:
1) High Coefficient of Friction. 
2) Easy maintenance of material.
3) High energy absorption.
4) Ability to withstand direct stress / compressive loads.
5) High level of durability.
6) Must be compatible with the other materials used in the clutch, like the iron facing.
7) Able to withstand operating temperatures. 
8) Tolerance against contamination. 
(what-when-how, n.d.) 
Asbestos-based Linings 
These are generally made from asbestos fibres woven around a metal. This type of lining is heat resistant and robust and are suitable for a variety of working conditions. They have an average lifespan and a coefficient of friction between 0.32 and 0.38 (what-when-how, n.d.). 
Metallic Materials 
These materials generally have a greater coefficient of friction, longevity and can operate at higher temperatures than asbestos based and Cerametallic linings. However, they have high inertia meaning that fast gear changes are challenging to achieve; they are also more expensive (what-when-how, n.d.). 
Cerametallic Materials 
Cerametallic materials have a low inertia which allows for faster gear changes; they also have a high coefficient of friction averaging at 0.4. They can also operate under high working temperatures for long periods and are less sensitive to contamination than other lining materials (what-when-how, n.d.). 
As seen above, there should be careful consideration to the clutches application when choosing the friction lining material as they all have their advantages and disadvantages.


5.0 Advantages and Disadvantages of Centrifugal Clutches
Advantages 
Compared to other types of clutches, the centrifugal clutch is more cost-effective in servicing and maintenance. The design of a centrifugal clutch is straightforward and inexpensive, reducing the likelihood of wear and total system failure. The pieces can be disassembled with ease, allowing easy access to all its components (Baksi, n.d.).
They eliminate the need for shock loading to start equipment as no load is needed to transmit torque. This advantage leads to another advantage: the energy savings associated with not using a load to start the equipment (BLM, 2019). 
Centrifugal clutches are known for smooth acceleration and prevent engine stalling. Engine stalling is prevented as centrifugal clutches do not induce heavy loads (BLM, 2019).  
Due to its simplistic design, a centrifugal clutch is generally cheaper than other clutch types (BLM, 2019). 
Centrifugal clutches rely on an automatic form of engagement and disengagement. Automatic vehicles have grown in popularity in the manufacturing industry, with most vehicles currently taking advantage of automatic transmission.
Smaller clutches produce higher speeds which is useful in electrical equipment such as chainsaws (BLM, 2019).

Disadvantages 
A centrifugal clutch cannot generate high torques (Baksi, n.d.). 
Lower RPM’s in engines cause overheating problems as more heat can be produced due to friction at lower RPM’s (Mechstudies, 2021).
The heat produced between the drum and the shoe due to friction can damage the clutch and introduces power losses (Mechstudies, 2021).
Slippage and friction (as above) of the clutch causes power loss (Mechstudies, 2021)
Overheating issues can occur if the clutch is not oiled regularly (Mechstudies, 2021). 


6.0 Typical Applications of Centrifugal Clutches 
Centrifugal clutches are primarily used in automatic transmission vehicles. They are also used in industrial equipment such as mining and machinery (Mechstudies, 2021). 
For manufacturing operations, they are used in sawmills, conveyors, compressors and mixers in chemical plants (Mechstudies, 2021). 
For general purpose electrical equipment, they are used in chainsaws, lawnmowers, go-karts and mopeds (Mechstudies, 2021).


7.0 Electromagnetic Clutches and Modern Automation 
[image: ]
(Mech4Study, 2017)
An electromagnetic clutch is made up of 4 essential components known as the rotor, armature, hub and electric winding/coil. Friction coating is applied to the armature plate, and the coil is attached to the rotor from behind. The electric circuit within the clutch energises the coil, generating a magnetic field during clutch engagement; this magnetises the rotor of the clutch. When the size of the air gap is exceeded by the magnetic field between the rotor and armature, the armature is pulled towards the rotor. Torque is then transferred through the frictional force generated at the contact surface. The duration of engagement is determined by the strength of magnetic fields, inertia, and the air gap (Mecholic, 2016)(1).
If no voltage passes through the coil, the contact between the rotor and armature becomes disconnected (Mecholic, 2016)(1).
Electromagnetic clutches are used in various robot types to provide automation of manufacturing processes. They can accommodate a variety of applications, are ideal for repetitive tasks due to their accuracy and reliability and have a long service life. These can be controlled remotely through HMI’s or monitoring software and are flexible (SEPAC, n.d.).


7.0 Electromagnetic Clutches and Modern Automation
Modern Manufacturing
In modern manufacturing, we focus on sustained growth and development of high-quality products, which industries have more commonly achieved through automation (Balogh, 2018). 
Many manufacturing industries currently use cyber-physical features to manufacture products where users work with machines through computer-controlled programming; this development is also known as industry 4.0 (Balogh, 2018).
Electromagnetic clutches are used in various forms of automation within modern manufacturing, such as programmable and flexible automation. This section of this report will discuss automation methods and the application of magnetic clutches within these forms of automation.
Programmable Automation 
Commonly used in batch production, programmable automation allows for flexibility in manufacturing processes in terms of customisation and changes. Operations are controlled by machines that read and interpret instructions from programs on how to function. The flexibility comes from the fact that to create a new product; an employee would only have to develop a new program, which can be done at any time (Balogh, 2018). 
Electromagnetic clutches form a part of PLC systems, are used in CNC machine tools and industrial robots. 
Flexible (Soft) Automation
Flexible automation involves the use of multiple tools linked into a single system. This type of automation can produce many different parts with minimal time loss due to changeovers (Balogh, 2018). 
Magnetic clutches link to this type of automation. They are used in robotic arms that are programmed to perform multiple tasks such as drilling, riveting and spray-painting during assembly (Balogh, 2018). 
Remote Automation 
Electromagnetic clutches can be controlled and monitored remotely, allowing for automation of manufacturing processes to be run from a single headquarters for multiple plants and allows for monitoring of production remotely. 
It takes an electrical signal to activate a clutch, making them easy to program and integrate into automated production.  During the monitoring of a process, operators can determine when equipment such as clutches need to be replaced before a failure occurs, which heavily reduces downtime and maintenance costs (Eitel, 2016).


8.0 Task B Questions 1-2
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9.0 Task B Questions 3-4
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10.0 Task B Question 5
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Note: for question 5&6 clutch engagement did not occur at torque values of less than 0 therefore no torque was generated. 


11.0 Task B Question 6
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Raw Results for u=0.35 can be seen on the previous page.

By looking at the first section of the total frictional torque formula u(Fc-Fs) we can see that the value of the coefficient of friction has a direct effect on the torque output as it amplifies the difference between the centrifugal and spring force, meaning that the greater the coefficient of friction the greater the outputted torque. This can also be seen by the trends on the graph above. At the start of the graphs, the torque values are all tight, but as the RPM increases, the difference between the total frictional torque of each plot becomes larger and more prominent, with the highest coefficient of friction giving the greatest torque values. Judging by this behaviour, it can be assumed that the difference between the maximum torque values at each coefficient of friction will widen exponentially if we further increase the RPM. 

12.0 Task B Questions 7-8
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The stress situation will not be considered as a complex stress model as the contact between the shoes and the drum exerts a normal stress acting in a single direction as the shoes are pushed outwards in a single direction during acceleration. This is known as a simple stress condition. Whereas for this model to be a complex stress model, a body i.e., the shoe/drum, must be under more than a single stress, such as a shear and loading stress.


13.0 Conclusion
In conclusion, it can be seen that centrifugal clutches have greatly impacted manufacturing in the past century but are now superseded by electromagnetic clutches as we progress towards an automated manufacturing-based system; as electromagnetic clutches can be controlled remotely and monitored more efficiently. Centrifugal clutches operation can be summarised as the difference between the centrifugal force and spring force—the greater the magnitude of the difference, the greater the speed and torque generated.
Friction material choice affects how much torque the clutch generates, as seen in Task B question 6. The greater the coefficient of friction, the greater the torque generated, but as shown in section 4.0, there are various considerations to account for when selecting the friction lining material.
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3.0 Operating Condi

ns and Working Principle of Centrifugal Clutches

Shoes.

A centrifugal clutch consists of a
number of shoes within a
diameter and the outer surfaces
of the shoes are lined with a
material that has a large
coefficient of riction this is
known as the friction lining
(Mechstudies, 2021).

‘The shoes are held against the
spider of the driving shaft by a
spring. The springs within each shoe
exert a constant radial inwards
force. When the component is
rotating the weight of the shoe
exerts a centrifugal force,

(Mecholi, 2016)(2)

During engagement, the shoes will move
radially outwards and will be held in position
by the springs; when contact is made with the
drum, the friction lining of the shoe will
protect the shoe from damage as it prevents
direct contact between the inner diameter of
the drum and the shoe (Mechstudies, 2021).
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A of the centrifugal friction clutch includirfy suitable diagrams, choice of materials and typical
applications and operating conditions. Also consider the advantages of centrifugal clutches.
Finally, discuss the current application of electromagnetic clutches in modern automation of
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@ Consider the centrifugal clutch above that comprises of four ‘shoes’ symmetrically attached to the
‘spider’. Each shoe with s 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 and has 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 answer in
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 shatt s rotating at a speed of
550 RPM
4) Atthe driving shaft speed of 50 RPM, what will be the value of torque transmitted to the driven
shaft?
5) Using either Matl-ab o MS Excel, calculate and plot on a suitable graph the transmitted torque at
the driven shaft against driving shaft speed, from 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 of friction of the shoe material on the torque.
transmitted when comparing the three values of coefficient of friction.
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  solid disc, what is the angular
acceleration of the drum to achieve the maximum possible torque?
8) Atthe maximum rotational speed of 700 RPM, for a single clutch shoe of effective dimensions 50
= mm by 20 mm, what wil be the direct stress experienced by the drum? Why at this speed would
the stress situation not be considered as a complex stress model?
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