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1. [bookmark: _Toc85396690]Introduction 
This report will discuss the development of the centrifugal clutch and where it is commonly used in modern machines and everyday appliances. The advantages of this component will follow, along with an example showing where this type of clutch is used and a breakdown of the clutch with the use of schematics and engineering drawings. Materials commonly used will be mentioned, along with why these certain materials are used and what the pros and cons are for each. Finally, a discussion of what the new options available are such as electromagnetic clutches, the pros for using this type of clutch and how these are used within modern industry and how these new options can create a positive outcome. Schematic drawings will also be produced showing the breakdown of the electromagnetic clutch, along with a brief description for each of the vital components. 

2. [bookmark: _Toc85396691]Task A
2.1. [bookmark: _Toc85396692]Development of the centrifugal clutch
A centrifugal clutch is commonly used on smaller driven rotary equipment such as an IC (Internal Combustion engine), mobile water pumps, woodchippers, and many more applications. A centrifugal clutch is a clutch that engages and disengages at a defined speed of rotation of the driving shaft, as when expanding friction shoes act against the inside of a drum.
The first centrifugal clutches were used in railway locomotives before 1858. The development of the automatic centrifugal clutch began in 1936 with Armstrong Siddeley cars, with Thomas Fogarty credited with inventing a centrifugal clutch for small motor applications in the 1940’s. (Anon., 2020)		(SM1b) 
(Chemidl, 2021) [image: Diagram, engineering drawing

Description automatically generated][bookmark: _Toc85396606]Figure 1 centrifugal clutch schematic

Figure 1 shows the breakdown of a centrifugal clutch assembly and all the components that are incorporated and how they work together to achieve operation. Materials used for components such as component “A” can differ dependant on the use of the clutch, a few materials used are ceramic, copper, steel, iron. Mineral, cellulose aramid, chopped glass, rubber and brass fibres, all of these are used to create composite materials that are used in clutches. Which material will be used will depend on what the clutch will be used for and how hard/often it will be working/operated? (bonding, 2021)		(SM1b) (P2)

[image: Centrifugal_clutch_parts_diagram][bookmark: _Toc85396607]Figure 2 Centrifugal Clutch animation

(Mecholic, 2021)
When a centrifugal clutch is operating at low speeds, it also means force is low, this results in the shoes remaining in the same position as there is not enough centrifugal force present for them to become engaged. When speed increases, force will increase in conjunction, therefore resulting in the springs beginning to engage. When centrifugal force becomes equal with the spring pressure shown in Figure 2, this results in the shoes floating. Finally, when centrifugal force exceeds the spring pressure, this will result in the shoes coming into contact with the inner surface of the drum and torque is then transmitted, resulting in movement. (Mecholic, 2021)		(EA1b)

2.2. [bookmark: _Toc85396693]Typical application and operating conditions of centrifugal clutch
The centrifugal clutch is used in many industries and is used on numerous applications, some of the more common uses are on components such as strimmer’s and chainsaws. There will also be centrifugal clutches used in the chemical industry on mixers, military, and mining manufacturing purposes and much more. Centrifugal clutches can be uni-directional or bi-directional, dependant on the process and what is required from the clutch. 
When a chainsaw is running at idle, or at a very low rpm, the pads are not engaging with the sprocket/drum, this is due to the lack of centrifugal force. This is the result of not enough speed being achieved to overcome the spring pressure, and not allowing the shoes to engage with the inside of the sprocket/drum. When speed is added to the crankshaft, this results in greater centrifugal force, meaning the force will be greater than the spring pressure, and the more centrifugal force being produced, the more the shoes will grip the sprocket which is also known as clutch engagement and the greater the torque. (Husqvarna, 2015)		(P1)

2.3. [bookmark: _Toc85396694]Advantages of centrifugal clutches:
There are a number of advantages with using a centrifugal clutch, one of the most obvious ones to highlight from the report so far, is the fact the the clutch can and will automatically engage and disengage once a certain centrifugal force has been achieved, we can prove this with the equations created in Task B. This means that no other control mechanisms are required to control the clutch. This also results in them being cheaper than other types of clutches, due to having less components, such as a mechanism to control operation of the clutch. This leads on to the simplicity of the centrifugal clutch, with the chance of components failing being minimal. This type of clutch almost never fails as component wear is minute, and as long as design and construction of clutch are all correct/sound, then failure should never occur. The final advantage to be mentioned is the fact that the engagement speed control is greater. The clutch will progressively engage to increase torque from the engine to the load. This results in money being saved on start-up, and again ensures a longer lifespan for the clutch. (BLM, 2019) 		

2.4. [bookmark: _Toc85396695]Current applications of electromagnetic clutches in modern automation of manufacturing processes:
Electromagnetic clutches are used in many different modern automation applications, some of which include printing machinery, conveyor drives and automobiles. The automobile uses this clutch by replacing the clutch pedal with a simple switch, A smaller EM clutch is used to drive the compressor of air conditioning system.

[bookmark: _Toc85396608]Figure 3 Components of an Electromagnetic clutch         (EMWORKS, 2021) [image: Components of electromagnetic clutch]
The main components in an Electromagnetic clutch are a coil shell, an armature, rotor, and hub, these can be seen in figure 2. The armature plate is lined with a friction coating. The coil is placed behind the rotor. When the clutch activated the electric circuit energizes the coil, it generates a magnetic field. The rotor portion of clutch gets magnetized. When the magnetic field exceeds the air gap between rotor and armature and then it pulls the armature toward the rotor. The frictional force generated at the contact surface transfer the torque. Engagement time depends on the strength of magnetic fields, inertia, and air gap. When voltage is removed from the coil, the contact is gone. In most design a spring is used to hold back the armature to provide an air gap when current is removed. (EMWORKS, 2021)
One big advantage of using these types of clutches is that they do not require linkage to actuate the clutch, this makes them a common use for remote application. This is one of the reasons why they are used so widely in the industries named above such as printing etc. 
(P1)

3. [bookmark: _Toc85396696]Conclusion
To conclude, this report goes into the creation of the centrifugal clutch, and where it was first used, along with some information of the general development of the clutch, appliances and machines that this clutch is commonly used in, and some of the advantages of this clutch when compared to its competitors. Schematic drawings have been provided, showing the general breakdown of a centrifugal clutch, showing all the components it consists of, and how they operate together to allow operation.
Finally, information was given about electromagnetic clutches, and some of the industries/operations they are used in, along with schematic drawings giving a breakdown of the clutch and a discussion of the vital components within the clutch, and this leads on to the reasons as to why this maybe a better option when compared to the centrifugal clutch. Reasons such as no linkage being required to the actuator etc., along with it being commonly used in remote applications. 
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[bookmark: _Toc85396698]Task B
1. [bookmark: _Toc85396699]What is the diameter of the outer drum?





2. [bookmark: _Toc85396700]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. [bookmark: _Toc85396701]Calculate the radial force acting on the clutch face when the driving shaft is rotating at a speed of 550 RPM.









4. [bookmark: _Toc85396702]At the driving shaft speed of 550 RPM, what will be the value of torque transmitted to the driven shaft?











5. [bookmark: _Toc85396703]Using either MatLab or 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.
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Description automatically generated]Torque has a minus figure at 450 RPM due to the engagement speed being at 464 RPM, therefore resulting in the spring force not being overcome, resulting in no torque being created until the next increment at 475 RPM.
[bookmark: _Toc85396609]Figure 4 Torque transmission at 0.35 with Torque range from 450 rpm – 700 rpm




6. [bookmark: _Toc85396704][image: Graphical user interface

Description automatically generated]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.
[bookmark: _Toc85396610]Figure 5 Torque transmission at 0.30 with Torque range from 450 rpm – 700 rpm
[image: Graphical user interface, application

Description automatically generated]
[bookmark: _Toc85396611]Figure 6 Torque transmission at 0.35 with Torque range from 450 rpm – 700 rpm
[bookmark: _Toc85396612]Figure 7 Torque transmission at 0.40 with Torque range from 450 rpm – 700 rpm[image: Graphical user interface

Description automatically generated]

By examining figures 5 and 7 with the co-efficient of friction figures at 0.30 and 0.40, it is obvious that results vary when compared to the original co-efficient of 0.35 (figure 3). We see that the transmitted torque increases when a higher co-efficient material is used when compared to a lower transmitted torque with a material that has the lower co-efficient. This is to be expected as a material with a lower co-efficient being smoother, therefore resulting in a lower torque transmission due to having less force being required to move the shaft. 






7. [bookmark: _Toc85396705]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, what is the angular acceleration of the drum to achieve the maximum possible torque?











8. [bookmark: _Toc85396706]At the maximum rotational speed of 700 RPM, for a single clutch shoe of effective dimensions 50 mm by 20 mm, what will 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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By using the Insert Caption option under the Reference Tab in Microsoft Word, it means you are able
to cross reference to the figure, Figure 4-1, within the main body of the report and also produced a
table of figures if required. For the label, it is acceptable to use either Figure 1 or Fig 1.

Table 4-1- Vehicle data for a selection of models (Bauer Consumer Media Limited, 2017)

Make of | Model of | Engine | 0-60 mph | Combined Fuel | CO, emissions
Vehicle | Vehicle | size (cc) (secs) Use (mpg) (g/km)
Ford Fiesta 1399 144 67 110

Peugeot | 208 1398 131 74 98

Renault | Clio 1461 14.7 62 120

w Polo 1422 12.5 83 93

Again, it is wise to use the Insert caption option to enable cross referencing and the production of a
table of tables. Any tables or graphs that are included within a report, most include units and
appropriate scales were necessary.

(Equation 4-1)
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