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Centrifugal clutches can be used in several applications, where motors are required to produce a set torque in order to rotate a driven shaft. In this process, a driving shaft will generate a speed known as RPM (revolution per minute), through centrifugal forces each shoe or flywheel will be forced out to engage with the inner surface of the outer drum or pressure late. At this point torque is transmitted from the driving shaft to the driven shaft. Engagement speed can be manipulated through spring stiffness, or the mass of each shoe. This will allow for optimal torque to be achieved with the best results [1]. As well as this, frictional lining of the shoes will also manipulate transmitted torque [2]. This can be seen in Part B of this paper, where the correlation between coefficient of friction and transmitted torque can been seen, using worked equations.  

[bookmark: _Toc85382619]The Centrifugal Clutch 

The clutch comprises of several components that allows it to be effective for its application. The clutch plate, pressure plate and spring all contribute to the transfer of kinetic energy through the frictional lining. They allow for high inertia of load to be started with minimal power and provides and uninterrupted connection between two shafts [3].  Ultimately, the clutch transmit torque from a driving shaft, usually run by an engine [4]. To a driven shaft connected to a gearbox or chain, which is attached to the outer drum seen in Fig.1. 
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Figure 1 [4]
Each centrifugal clutch can have several shoes, that will simultaneously engage once the required RPM has been achieved. These are symmetrically placed around the driving shaft. In essence, increasing the number of shoes will increase the transmitted torque to the driven shaft. As well as shoes, some of the other basic components are the drum, the frictional lining, the spider or guide and the springs which have briefly been discussed. As the shaft rotates and centrifugal forces are greater than the spring stiffness, each shoe will move out to engage with the outer drum. The spider is used to guide each shoe out symmetrically and is always positioned centrally to the driving shaft. 
The preset engagement speed can allow for optimal torque to be reached before experiencing load. This is extremely useful when engines are idling so it can be started under no load. This will prevent an engine from stalling [5]. 

[bookmark: _Toc85382620]Materials and friction 

The term used to describe friction in centrifugal a clutch is the coefficient of friction. It has no unit and is a ratio used to calculate the frictional force applied, where frictional force is equal to coefficient of friction multiplied by the applied force [6]. 

One key aspect to remember when designing centrifugal clutches would be material selection for the frictional linings used on both the shoes and the internal face of the drum. The coefficient of friction of each material, holds a correlation between, optimized torque values, thermal loading on the drum face, and a smooth transmission of torque where the contact pressure ratio is established [7]. The incorrect choice of each material can be detrimental to the centrifugal clutch causing surface cracks through thermal stress on the inner face of drum and shoe’s themselves [8]. These conditions demand a lot from the material, so selection has to be held paramount. 

Frictional materials are used in the clutch face, which from fig.1 can be seen as ‘frictional lining’. Generally, the kinetic energy created through friction will generate heat, and therefor materials are selected based on their resistance to it. A typical material considered for this application would be ceramics given their properties where they resist heat, wear, and large amount of direct stress [9]. In the earlier clutches, frictional linings could be made from asbestos, but given the health concerns around this material ceramics and composites are more commonly used. Molded and woven frictional materials mainly were used, where woven would comprise from long fiber asbestos mixed with cottonwool and twisted around a copper or brass wire [10]. The development of the clutch has led to composite materials being used which are light weight, reduce manufacturing costs and improve the transmission by reducing noise and vibration. All making a smooth transfer from idle position to engagement of the clutch shoe and drum [11]. 

[image: centrifugal clutch diagram]
Figure 2 [1]

From the early stages of the centrifugal design seen in Fig.1 there have been developments in designs and materials used such as Fig.2 which shows a more modern centrifugal clutch. However, the same principle applies. The clutch can be useful for several applications that have a high starting inertia as previously discussed. Most used in the motor industry for cars and motorcycles, other application can include chainsaws, lawnmowers, aircraft, and manufacturing machinery such as milling machines. The environments require the use of centrifugal clutches to maintain performance, by selecting the correct frictional material for its application. It’s important to consider not every application will require the same frictional material. Ceramics, Feramic, Kevlar and organic materials should be considered based on the application. See fig.3 for mechanical diagrams before and after the engagement speed has been reached for the centrifugal clutch where the frictional material contacts the outer drum.
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Figure 3 [7]

[bookmark: _Toc85382621]Why use centrifugal clutches 

Since the 19th century, centrifugal clutches have been used widely with in engineering industry, to successfully transmit torque [10]. One of the main advantages when using a centrifugal clutch is that it automatically engages when the required RPM is reached. This also eliminates the need for other mechanical devices to control engagement. Its simplicity in design simply relies on the laws of physics and centrifugal forces to engage and transmit torque from a driving shaft to a driven shaft. 
Having fewer mechanical parts makes the centrifugal clutch cheaper to produce and cost effective compared to other clutch designs. As a result, the clutch will generally require less maintenance. The clutch design also allows for an engine to start under no load as the engagement speed can be preset to optimize torque transmission, and when the engine is idling, it will prevent it from stalling [5]. 

As discussed in material selection, the engagement and torque transmission tend to be smooth. This is because of the materials and the engagement speed reached before loading the drum or pressure plate. This process will also prevent excessive wear through abrasion meaning less maintenance required. Even though this can be an advantage. It can also be a disadvantage if you consider how much potential torque transmission is lost through the coefficient of friction in material choice. 
[bookmark: _Toc85382622]Electromagnetic clutches

Unlike the centrifugal clutch, the clutch engagement relies upon an electromagnet which magnetizes, to attract the frictional plates either through an armature or teeth dependent on the electromagnetic clutch design. In the same principal torque is then transmitted through this process [12]. This type of clutch is commonly found in modern automation of manufacturing processes as it provides torque through electrical activation. 
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Figure 4 [13]

This type of clutch comprises of Rotor, Armature, fields coil and Hub all positioned around a central shaft which is driven by power source see fig.4. Many actuator designed clutch systems improve efficiency [14]. As discussed, engagement is activated when the current running through the coil magnetizes, which pulls the armature towards the hub and connects with the rotor [15]. This process overcomes the air gap seen in fig.5.
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Figure 5 [16]
Whereas torque transmission in centrifugal clutch depends on the frictional material and engagement speed. The same cannot be said for electromagnetic clutches. The transmitted torque is reliant on the voltage and current through the coil to overcome the air gap between clutch faces [15]. One of the major advantages to electromagnetic cutches and why they are widely used in automation processes is that they can be actuated remotely. As simple as pressing a button to engage the clutch. The engagement and release time are almost instantaneous, dependent on the magnetization of coil. Ultimately, they are responsive and smooth in operation making them a preferred choice even though they can be costly to install. However, maintenance costs are low. 

Further studies have looked at electro adhesive materials to improve performance of the clutch. Compared to other clutching materials they are very lightweight and require far less power to create the strong bonds required to transmit optimal torque [17]. 


[bookmark: _Toc85382623]PART B
[image: ]


[image: ]





[image: ]








[image: ]5.




[image: ]

















	


6.
[image: ]
[image: ]




The correlation between increasing the coefficient of friction and the increase in torque can clearly be seen. As the friction between the shoe and inside diameter of the outer drum is increased, there is a greater transmission of torque to the driven shaft. The material selection of the shoe can optimize the torque transmitted. Though it must be considered to prevent abrupt engagement.  
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At this speed, the stress acting upon the drum would not be considered complex because, it is only acing in one direction. There is no shear stress acting upon the drum face and therefor only direct stress can be considered. Complex stress considers the stress in both x and y axis. Here we have only calculated stress upon the drum face, exerted by the force from the shoe. 
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