


Task A 
What is a centrifugal clutch?
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Description automatically generated]The centrifugal clutch was invented in 1858 for use on locomotives and was then later patented in 1898 by W. A. Crowdus for the automobile vehicle. The image below shows the original design for the automobiles clutch. 









(Anon., 2021)
As the name intends a centrifugal clutch uses centrifugal force in order to provide a connection between a driveshaft and the transition shaft. The clutch is engaged according to the speed of the engine which means that there is no need for a clutch peddle. This allows a driver to start and stop the engine without upping/downing the gears. As the clutch relies on centrifugal forces to operate, the higher the speed (RPM) the more effective the clutch is at creating friction between the friction lining and outer drum. This creates higher amounts of torque which is then transmitted to the driven shaft via the drum. 
The material used on the clutch determines the amount of friction produced when engaging the outer drum. The most common lining is organic materials such as compounded rubber than has been woven or moulded. There are also heavy-duty organic materials that have a higher heat resistance compared to the alterative organic. Ceramic materials can also be used for their heat resistant properties.
It is considered to be the smoothest type of clutch due to its gradual engagement which in turn allows the engine to reach the optimal torque range prior to the load been applied. This is why it is used for equipment such as chainsaws as when the user releases the throttle the clutch is safely disengaged. (Toulas, 2018) 

[image: ] (Mechanicalbooster, 2021)

The Parts.
The clutch consists of 5 main parts, these being: the shoes, spring, drum, spider and friction lining.
[image: ] (Mechdiploma, 2021)
The shoes are intended to slide between the spider/ guideways when attached to the spring. The shoe has a friction lining at the surface that comes in contact with the outer drum. 
The frictional lining of the shoes transmits the torque of the driveshaft to the outer drum. The lining gives the shoe more grip on the drum as it rotates.
The spring of the clutch is the controlling element as it determines the speed required to engage the clutch. When the RPM is lower enough and the force applied in lesser than that of the spring’s stiffness, the spring will disengage the shoes from the outer drum. To change the engagement speed the springs are switched with ones set to the required stiffness.
The spider is fitted onto the drive shaft from a motor with equal spacings between the guideways. The shoes rest within the guides until the speed required to overcome the springs stiffness is met. 
The drum of the clutch acts as both a housing and a means of transferring the torque form the motor to the driven shaft.
The applications of centrifugal clutches.
Centrifugal clutches are used in a variety of environments on equipment that requires a high starting inertia. In recent years these clutches have been used on portable and mobile equipment that use a small petrol/ diesel engine to operate. (Lancereal, 2021)
Here are a few examples.
· Lawnmowers, woodchippers, milling cutters and chainsaws
· Go-Karts
· Street cleaners
· Concreate finishers 
· Compressors
· Mopeds
· Boats and paramotors
These devices use centrifugal clutches to keep the engine from stalling due to the output shaft being slowed. 
Advantages of centrifugal clutches 
· The centrifugal clutch will automatically engage and disengage removing the need of a control mechanism like a peddle. 
· It allows for greater control of the engagement speed as the torque transmitted gradually increase with the speed of the motor. This also gives the clutch a much longer lifespan.
· The clutch provides shock-free acceleration when using a heavy load or an abrupt start or stop, there is less chance of stalling. This makes them safer as there is progressive 
· They are a cheaper alternative to most modern types of clutches due to the fewer parts used in its assembly and the lack of additional components being needed.
Disadvantages of centrifugal clutches 
· When engaged there is a large amount of heat generated due to the friction between the lining of the shoes and the drum. Poor driving habits and use can lead to the heat damaging the clutch completely causing it to fail. 
· The clutch needs to be oiled frequently to prevent the build-up of heat and the keep it at a safe temperature.
· Slipping and friction will result in the loss of power even if the clutch is working at peak performance.
· The clutch can be contaminated by sand and dust which will alter the frictional properties leading to uncontrolled behaviour. 
· Poor installation can lead to the clutch failing in under an hour and normally they do not have a long-life span, on average they last 5 years.  
(Toulas, 2018)


Electromagnetic clutches 
An electromagnetic clutch is electrically operated however it transmits torque mechanically. The coil shell is used to create a circuit when a magnetic material comes in contact. This pulls the armature to be in contact with the rotors face. The friction and magnetic field begin the rotational motion. The material of the clutch reduces the amount of wear it receives. When a high amount of torque is needed, the material is changed to one with a higher coefficient of friction. (Electric-clutches, 2021)
These clutches are used in high speed and cycle rate equipment that has a long-life span such as packaging machines, printer and mixers. They can be used in an automobile to remove the need of a clutch pedal and instead replacing it will a transfer button. A smaller version of this clutch can be found in air conditioning systems to pressure the compressor. Even though is an expensive device it provides fast and easy operation and can be used for automatic transmission. The speed at which it operates makes it ideal for manufacturing as it can aid in the production process such as a packaging machine being able to finalise products at high speeds.  (Kalyani, 2021)
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The graph shows that as the RPM increases the amount of torque also increases. A high coefficient of friction results in an increase in torque and a lower coefficient result in a lower amount of torque transmitted.
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Total Torque Nm 
Coefficient Of Friction 0.3

Total Torque Nm	450	475	500	525	550	575	600	625	650	675	700	1.5665519999999986	2.5467519999999997	3.5796800000000002	4.6680400000000004	5.8064239999999998	7.0002399999999998	8.2454319999999974	9.5433520000000005	10.895351999999997	12.300080000000001	13.757535999999998	


Total Torque Nm
Coefficient Of Friction 0.4

Total Torque Nm	450	475	500	525	550	575	600	625	650	675	700	2.2270560000000001	3.2826560000000007	4.3950400000000007	5.5671200000000001	6.7930720000000013	8.0787200000000006	9.4196960000000001	10.817456	12.273455999999998	13.786239999999999	15.355808000000001	


Total Torque of centrifugal clutch with alternate coefficients of friction

CoF 0.3	450	475	500	525	550	575	600	625	650	675	700	1.5665519999999986	2.5467519999999997	3.5796800000000002	4.6680400000000004	5.8064239999999998	7.0002399999999998	8.2454319999999974	9.5433520000000005	10.895351999999997	12.300080000000001	13.757535999999998	CoF 0.35	450	475	500	525	550	575	600	625	650	675	700	1.8969599999999993	2.9151199999999999	3.9873600000000002	5.1178400000000002	6.2992799999999987	7.54	8.8327200000000001	10.180560000000002	11.584559999999998	13.043160000000002	14.556672000000001	CoF 0.4	450	475	500	525	550	575	600	625	650	675	700	2.2270560000000001	3.2826560000000007	4.3950400000000007	5.5671200000000001	6.7930720000000013	8.0787200000000006	9.4196960000000001	10.817456	12.273455999999998	13.786239999999999	15.355808000000001	
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RPM Coefficient of friction 0.3 Total Torque Nm
450] 63.51 19.053| 82.563 15.063 1.566552
475| 70.76| 21.228| 91.988 24.488 2.546752
500 78.4] 23.52| 101.92 34.42 3.57968
525| 86.45| 25.935| 112.385 44.885 4.66804
550 94.87| 28.461| 123.331 55.831 5.806424|
575| 103.7 31.11] 134.81 67.31 7.00024|
600| 112.91| 33.873] 146.783 79.283 8.245432
625| 122.51|  36.753| 159.263 91.763 9.543352
650| 132.51|  39.753| 172.263 104.763 10.895352
675| 142.9 42.87| 185.77 118.27 12.30008
700| 153.68| 46.104| 199.784| 132.284 13.757536

RPM Coefficient of friction 0.35 Total Torque Nm
450| 63.51 22.23 85.74 18.24] 1.89696
475| 70.76 24.77 95.53 28.03 2.91512
500 78.4] 27.44| 105.84 38.34 3.98736
525| 86.45 30.26| 116.71 49.21 5.11784|
550| 94.87 33.2| 128.07 60.57 6.29928
575| 103.7 36.3 140 72.5 7.54
600| 112.91 39.52| 152.43 84.93 8.83272
625| 122.51 42.88| 165.39 97.89 10.18056
650| 132.51 46.38| 178.89 111.39 11.58456
675| 142.9] 50.015| 192.915 125.415 13.04316
700] 153.68| 53.788| 207.468 139.968 14.556672

RPM Coefficient of friction 0.4 Total Torque Nm
450| 63.51| 25.404| 88.914 21.414 2.227056)
475| 70.76| 28.304| 99.064 31.564 3.282656
500 78.4] 31.36| 109.76 42.26 4.39504
525| 86.45 34.58| 121.03 53.53 5.56712
550 94.87| 37.948| 132.818 65.318 6.793072
575| 103.7 41.48| 145.18 77.68 8.07872
600| 112.91| 45.164| 158.074| 90.574 9.419696
625| 122.51| 49.004| 171.514| 104.014 10.817456
650| 132.51| 53.004| 185.514| 118.014 12.273456
675| 142.9 57.16| 200.06 132.56 13.78624
700| 153.68| 61.472| 215.152 147.652 15.355808
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