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1.0 Introduction  

Centrifugal clutches have been used in various different applications for over a century, featuring in a motor vehicle for the first time in 1936 by Armstrong Siddeley . The first part of this report aims to discuss the centrifugal clutch and it’s development through multiple sources and diagrams; whilst also analysing different material choices available, what the working applications are and the conditions needed for optimal operation.  
The advantages of the centrifugal clutch will be considered and more modern alternatives are considered in the way of electromagnetic clutches used in modern automation of manufacturing processes.
The second part of the report aims to simulate centrifugal clutches through the mediums of mathematical calculations and graphical techniques. Using information and limits provided, the engagement speed of the centrifugal clutch and the radial force acting on the clutch face will be determined. 
Using Microsoft Excel, multiple graphs have been calculated and plotted showing the transmitted torque at the driven shaft against the driving shaft speed in different increments and at different coefficient of frictions. Finally, the angular acceleration of the drum needed to achieve the maximum possible torque is calculated.







2.0 Main Findings
2.1: Analysis of Centrifugal Clutches
2.1.1 History
Early use of centrifugal clutches date back as far as 1858 where they were used on railway locomotives, and it’s first mention in a patent was in 1899 where it was designed to be used in an electric vehicle. It’s application extended to the toy industry in 1934 when the Mechano Magazine published an “Automatic Clutch” toy .
As previously mentioned, it’s first use in a motor vehicle was in the Armstrong Siddeley cars in the 1930’s but it’s use in small motor applications only came about when Thomas Fogarty invented that variation of the centrifugal clutch which today is used in lawnmowers, chainsaws  and are also used on unmanned helicopters .
2.1.2 Working Principle
All of the aforementioned applications of the centrifugal clutch work on the principle of centrifugal force. Each centrifugal clutch will have a driving shaft, which is usually powered by an engine or power source, and a driven shaft. The driven shaft is what would engage the chain on a chainsaw, for example. Inside the clutch you would find a spider that carries typically two to four shoes that are connected to a spring . Each of the shoes, whether it be two or four, has a friction lining on the top of it where it engages with the drum of the clutch. All of these components can be seen in Figure 1 below:








Figure 1 
Using an engine driven centrifugal clutch as an example, the driving shaft is constantly rotating as long as the engine is running. The driven shaft will only rotate once the shoes within the clutch start to engage with the drum. The shoes will start to move out towards the drum when the centrifugal force is great enough to move them, and this will only occur when the shoes are being rotated at the correct speed. Once the friction lining of the shoes engages the drum and turns the driven shaft, the energy or power from the engine is transmitted to the transmission . Figure 2 below shows a centrifugal clutch with two shoes engaging with the drum due to centrifugal force:

Figure 2 
The springs play an important role when the drum is not engaged; they keep the shoes in a neutral position when the driven shaft is not rotating or is rotating a lower speed . As Figure 2 shows, the springs have expanded as the shoes move outwards which is important as it is with these springs that the shoes disengage from the drum when the driven shaft rotational speed slows. As it slows and the shoes disengage, the springs contract and return the shoes to its neutral position, as shown in Figure 3 below:













Figure 3 

2.1.3 Material Selection
As the components that make up a centrifugal clutch are under near constant stress and torsion, it is very important to consider suitable material types. In a study by Prateek Yadav (2022), five different steel alloys were up for consideration to be used in the design of a centrifugal clutch. This type of material was chosen for its beneficial mechanical properties such as their high ultimate tensile strength value .
These properties are important when considering centrifugal clutches as the components within them are constantly moving under load, which is why the yield stress, modulus of elasticity and UTS figures being high is advantageous. The density is also important for applications such as go-karts and chainsaws as the lighter the overall clutch is the better.
2.1.4 Operating Conditions
As with most systems, the correct operating conditions must be accounted for and adhered to, the most prevalent being the rotational speed of the driving shaft. Without a nominal speed, the shoes will either not have enough force to move out to the drum or the spider will spin too fast and the friction lining of the shoes will slip on the drum . The friction liner on the shoes must be free of debris as any contamination could have a negative effect on the friction needed to transfer torque to the driven shaft .
2.1.5 Applications
As previously mentioned, some typical applications for a centrifugal clutch include chainsaws and go-karts where the benefit of disengaging the driven shaft are favoured. Other applications include lawnmowers, compressors and conveyors as they are small motored assemblies that do not require a great deal of torque to start moving. Centrifugal clutches are used to transfer torque from a driving shaft to a driven shaft, chain or pulley with the ability to disengage and stop torque transfer on demand .
2.1.6 Advantages & Disadvantages
One advantage of the centrifugal clutch is how simple the design is, it does not depend on any electrical signals or power from external sources and they do not need any control systems like a clutch pedal . Compared to other clutches, centrifugal clutches use less parts which means it is more cost effective than clutches that require more parts; the same way that other clutches are less reliable than centrifugal clutches due to them having more parts .
When centrifugal clutches are used in lawnmowers and chainsaws it is advantageous that the driven shaft can be disengaged to allow these devices to idle without the risk of the blades or chains moving. The same can be said for go-karts, which are able to remain stationary with the engine still running, due to the driven shaft not being engaged by the driving shaft . 
Centrifugal clutches are not without their disadvantages, with one of the main ones being its inability to be modified to suit more specific applications. As it relies on centrifugal force to operate, it is confined to that law, ergo it cannot easily be changed to be used in a system with abnormal or uncommon specifications .
Other disadvantages include a loss or reduction of output due to friction and the shoes slipping on the drum of the clutch, which can be caused by the driving shaft rotating at too high a speed. When the driving shaft is being driven at its maximum, it is common for the friction on the shoes to create a vast amount of heat which can cause the system to overheat .
2.1.7 Analysis of Electromagnetic Clutches
Electromagnetic clutches differ to centrifugal clutches in the sense that an electromagnetic clutch input is from an electrical source, rather than a mechanical operation. The electromagnetic (EM) clutch comprises of a coil made of copper wire, which is called a hub, an armature and a rotor which connects to the driven shaft. An EM clutch works using the principle of electricity and magnetic fields; when the coil receives power, a current runs through the coil which creates a magnetic field. Once the magnetic flux surpasses the air gap between the armature and the rotor, it will start to pull them together . Figure 4 below shows a diagram of an EM clutch:










Figure 4 
A spring must be added to the armature to ensure that it comes back to a neutral state when the current is removed from the coil and there is no magnetic field. Operating conditions must be considered and adhered to, as without the correct current or magnetic field, the rotor will not be engaged, therefore no torque will be outputted to the driven shaft .
These clutches open are used in the automation of production processes such as printing presses and conveyor production lines. With the use of proximity sensors that send a signal to a power source that could engage the EM clutch, whenever a part moved down the production line, the conveyor belt could start and stop very rapidly. This is due to the fact that EM clutches have a very rapid engagement/disengagement times as they are driven by an electrical source .


2.2 Simulation of Centrifugal Clutch
The below centrifugal clutch (Figure 5) will be the subject to a simulation via multiple mathematical equations and graphical representations:







Figure 5 
The following information was given:
Mass per shoe: 275 grams
Spring stiffness: 7.5kN/m
Coefficient of friction: 0.35
Shaft centre to centre of mass: 95mm
Clearence distance between shoe and drum: 9mm
Drum thickness: 4mm
Using this information, a series of equations were used to ascertain new information about the given centrifugal clutch. These equations use the SI units for all of the figures and final answers and all applicable answers are given to two decimal places.
2.2.1 Internal & External Drum Diameter
The internal and external drum diameter was found by adding up the values given to find the internal and external radius, then doubling those values to find the diameters, as shown below:
Shaft centre to centre of mass for shoe =   
Clearance distance to outer drum = 
Thickness of drum = 
Total external radius of drum = 
Total external radius of drum = 
External diameter of drum = 
External diameter of drum = 
External diameter of drum = 216mm or 0.216m
Total internal radius of drum = 
Total internal radius of drum = 
Internal diameter of drum = 
Internal diameter of drum = 
Internal diameter of drum = 208mm or 0.208m

2.2.2 Engagement Speed of Centrifugal Clutch
The engagement speed is the speed that the driving shaft must rotate in order for the shoes to just make contact with the outer drum. In order to find the engagement speed of the clutch the equation  was used, where when solved to find , will give the engagement speed. From the equation,  is the spring stiffness (7.5kN/m) multiplied by the displacement of the spring (9mm) and  is the mass of one shoe (275g) multiplied by , multiplied by the internal radius of the drum (104mm). The answer was then converted from rad/s to RPM using the equation  and rounded to the nearest RPM:





 rad/s


2.2.3 Radial Force on Clutch Face at 550RPM
The radial force is the force acting upon the outer drum from the friction lined shoes, which can be found by first finding the centrifugal force exerted at 550RPM. Firstly, one must convert 550RPM to rad/s using the formula  . Then, the centrifugal force can be found by using the equation  which is the mass of one shoe (275g) is multiplied with the rotational speed squared (57.6 rad/s from 550RPM) multiplied by the internal radius of the drum. The next step in finding the radial force is to calculate the spring force, which will act against the centrifugal force thus giving the radial force. Spring force can be found by using Hooke’s law of  which is the spring stiffness (7.5kN/m) multiplied by the displacement of the spring (9mm). 
After finding the centrifugal force and the spring force, you can then find the radial force. This is done by subtracting the spring force from the centrifugal force to give the radial force of one shoe. This value must be multiplied by four to account for the four shoes thus, giving the overall radial force:
 
Centrifugal force =  =  = 94.89N






2.2.4 Transmitted Torque at 550RPM
The transmitted torque is the amount of torque transferred from the driving shaft to the driven shaft at a given speed, which can be found using the equation . To find  you must multiply the coefficient of friction (0.35) by the total radial force at 550RPM (109.56N). Then, multiply that value by the internal radius of the drum to find the torque:








2.2.5 Graph of Transmitted Torques at Different Speeds 
Using Microsoft Excel, a line graph was generated to show the transmitted torque values from 450RPM to 700RPM in increments of 25RPM. After using various different formulas in Excel, the following table (Figure 6) was produced:

Figure 6 
As shown, the speed of each increment is converted into rad/s, then the centrifugal force (Fc) is calculated, along with the radial force for one shoe and then multiplied by four to give four shoes and finally, the torque transferred is given for each speed increment using a coefficient of friction value of 0.35. Using this data, the below graph (Figure 7) was created, showing an upward trend which means that as the RPM increases at the driven shaft, the total transmitted torque increases:

Figure 7 

2.2.6 Graphs of transmitted Torques at Different Coefficient of Friction Values
After changing the value of the coefficient of friction in the F = μ x Radial Force column to 0.3 and 0.4, new sets of data were achieved and can be seen in Figures 8 and 9 below:

Figure 8 

Figure 9 
Thus, new line graphs were created using the new datasets to show the trend of transmitted torque through different speeds when the coefficient of friction was 0.3 and 0.4, which can be seen in Figures 10 and 11 below:

Figure 10 

Figure 11 
From the datasets and the graphs, there a noticeable pattern where when the coefficient of friction value is lower, the torque range and overall transmitted torque is lower. Conversely, when the coefficient of friction value is higher, so to is the torque range and overall transmitted torque. 
2.2.7 Angular Acceleration Needed to Achieve Maximum Torque Transfer
In order to achieve the maximum possible torque transfer, there needs to be a specific angular acceleration of the drum which can be found by using the equation  but solving for  which is angular acceleration. To find the mass moment of inertia () one must use the equation for mass moment of inertia for a solid disc . Where the mass of the drum is 750g and the radius is the external radius of the drum which is 108mm. Once this value has been found, you can use  to find the angular acceleration:



 

 
3.0 Conclusion

To conclude, centrifugal clutches are very efficient devices when used in small motor applications such as chainsaws and go-karts due to their size, simplicity and its ability to disengage from the driven shaft at any point. Their dependency on centrifugal force gives an insight on how a mechanical assembly can use a physical force to transmit energy from one body to another. 
The total transmitted torque depends on how fast the driving shaft is rotating, where the higher the RPM of the driving shaft, the more radial force on the outer drum of the clutch, hence the more torque is transmitted to the driven shaft.
The coefficient of friction of the shoe lining plays an important part in determining the transmitted torque between the driving shaft and driven shaft, where the higher the coefficient of friction, the more torque is transmitted and conversely, the lower the coefficient of friction the less torque is transmitted.
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