


Task A)
Introduction – 
In this essay I will be talking about centrifugal forces within the application of a centrifugal friction clutch. I will explain what the force is, along with explaining the function of a centrifugal clutch. Advantages and disadvantages of the clutch will be stated. The centrifugal clutch will be compared to the modern day electro-magnetic clutch. Examples of where the centrifugal clutch is used will be given and the material of the components used to assemble the clutch will be discussed.
What is centrifugal force?
Centrifugal force is an outward force that acts upon a mass when it is being rotated in a curvilinear motion. The force acts away from the axis of rotation. The force is always perpendicular to the direction of the Mass’ displacement. Please see the diagram below that visualizes the findings.



What is a centripetal force?
Centripetal force is the force acting on the object or mass trying to move it closer to it axis of rotation. For example, in a centrifugal clutch the centripetal force is the springs force trying to resist the centrifugal force and return the shoe to its home position towards the centre of the axis of rotation.
What is a centrifugal friction clutch?
A centrifugal friction clutch is a circular assembly which is used on driven rotary equipment usually within cars, mopeds, go-karts and other heavy plant equipment. This type of clutch is mostly used alongside Combustion/Diesel Engines rather than Petrol Engines. The vehicles clutch can be used to transfer the torque from the drive shaft to the equipment that needs to be driven, giving it what is called a “Soft-Start” without any load having to be engaged. In basic terms the centrifugal clutch is an automatic clutch that uses centrifugal forces to function. The output shaft is disengaged at low speeds and engages at increasing rotational speeds. 





                             
Development of the centrifugal friction clutch –
Centrifugal friction clutches have been around since the 19th century. They were first seen on railway locomotives. A patent for them to be included in the automotive industry was released by the United States in 1898. Engineering company Armstrong Siddeley started featuring automatic centrifugal clutches in their cars at the beginning of 1936. The centrifugal clutch at its earliest stages of development consisted of two shoes that contained ferrodo friction lining within their contact faces. This type of clutch is still commonly used in mopeds, lawnmowers and go karts for its simple design concept, however the automotive industry went away from using centrifugal clutches in cars and towards the swinging clutch arrangement instead.


Choices of materials – 

Shoes – 
The number of shoes on a centrifugal clutch can vary, each shoe must be strong and be able to withstand a fair amount of heat from the Ferrodo lining due to fiction. Due to the clutch being buried within machines and vehicles it is critical that the components have a long lifespan. I would suggest using a non-ferrous metal such as stainless steel so that it is robust, does not corrode and is able to withstand the heat transferred from the Ferrodo lining.
Springs – 
The spring in a centrifugal clutch is the control element. This decides at which speed that the shoes will engage. The spring needs to be strong to counteract centrifugal forces and also resistant to fatigue. A thick diameter stainless steel spring with the relevant length would be my suggestion.
Spiders – 
The spider is placed on the motor shaft or on the driver/engine shaft. Therefore, the material choice must be machinable to a high accuracy to improve the fit onto the shaft. Due to the load from the shoes that the spider will be under at high rotation it will also need to be robust and strong to stop any bending moments, so I would suggest a strong non-ferrous metal so that the strength is there but also it is corrosion resistant.
Drum – 
The drum works as the housing component for the clutch. All the clutch components are surrounded by the drum. The drum must also be corrosion resistant therefore non-ferrous, Due to the inner lining of the drum coming into frequent contact with the shoes Ferrodo lining causing a high amount of friction then the drum will need to be resistant to wear. Titanium, Tungsten, and Inconel are regarded as the strongest metals the most resistant to wear.
Ferrodo Lining – 
The Friction lining is a part of the clutches shoe face, and it transmits torque and helps grip on the drum’s inner surface. It is there to prevent wear and tear of the clutches shoes. This material will need to be a form of plastic with some kind of rubber mix, therefore having a relatively high and stable coefficient of friction up to 220–250°C.
   
Typical applications and operating conditions –
Centrifugal clutches are typically used in diesel vehicles, but are also used in lawnmowers, chainsaws, go karts, mopeds. They are also included in certain heavy industrial machinery. Due to none of the above being overly clean processes, the clutch operates in what is deemed as dirty conditions which is why it must be sealed to prevent commination which could affect the clutches’ function and potentially reduce the amount of fiction between the shoes lining and the surface of the inner drum.

Advantages and Disadvantages of Centrifugal Clutch –
Advantages –

The clutches engagement speed is control by the selected spring, depending on the springs strength/force rating, the clutches shoe lining will engage on the inner drum at different speeds.
Centrifugal clutches prevent the vehicle/equipment’s engine from stalling.
It is a fairly simple piece of technology and requires very minimal maintenance due to its simplistic components.
Automatic so doesn’t necessarily need any control mechanisms due to it being controlled by physics.
Relatively cheap in comparison to electromagnetic clutches.
Disadvantages –
Shoes have proven to slip under heavy load conditions.
Centrifugal clutch cannot create high torque.
Engagement relays upon the driving shaft speed.
Potential to overheat due to the amount of friction created.
Loss of power can occur due to lack of friction causing slipping.
Not self-lubricated.
Not capable of transferring high quantities of power.

Current application of electromagnetic clutches in modern automation of manufacturing processes –
Unlike centrifugal clutches electromagnetic clutches don’t work off springs, they are controlled electrically by strong magnetic fields, however they do still transmit torque mechanically. Electromagnetic clutches are used in lawn mowers and car air conditioning. In modern manufacturing processes the electromagnetic clutch is used in many different machines including printing machinery, conveyor drives and some CNC machinery. The clutch works by the clutch pads being pulled through an oil type fluid which is used to cause the friction. A benefit for using an electromagnetic clutch is that it doesn’t create any clutch dust from the friction due to the oil type fluid being in-between the shoes lining and inner drum. For this reason, it is a great clutch to be used in a ‘clean’ environment. Another good aspect to this clutch is that it is self-lubricating.

Conclusion –
In conclusion I have expanded my knowledge and understanding of Centrifugal and Centripetal forces and learnt that Centrifugal clutches are used in mainly diesel vehicles along with mopeds, lawnmowers and go karts. I also learnt from plotting a RPM/Torque graphs that the higher the coefficient of friction is, the higher the maximum torque output you can achieve. I have read lots on Electromagnetic clutches, and now know how they function and their benefits in automated processes.


Task B)

1)
95mm Radius + 9mm Clearance + 4mm Wall Thickness = 108mm Radius of outer drum
108mm Radius x 2 (to find Diameter) = 216mm Diameter of outer drum

2)Given:
W = ?
FS = 7.5KN/M
M = 1.1Kg (4 Shoes)
X = 0.009M
R0 = 0.095M


Workings:
F = (FS x 10³) x (X x 10ˉ³)
F = (7.5 x 10³) x (9 x 10ˉ³)
F = 67.5N
W = 
W = 
W = 24.29 Rad/s
W = 24.29 / 
W = 231.95 (232RPM)

3)
Workings:Given:
FR = ?
M = 1.1Kg (4 Shoes)
R = 0.104M


550 x 2  / 60 = 57.6 rad/s
∑F = M x a
FR = M x 
FR = M 
FR = M 
FR = M x W² x R
FR = 1.1 x 57.6² x 0.104
FR = 379.551 N/M
FR = 0.38 KN/M




4)Given:
T = ?
N = 4
µ = 0.35
M = 275g
R0 = 0.095mm
X = 0.009mm
F = 67.5N
R = 0.104mm
W= 57.6 rad/s


Workings:
F = (FS x 10³) x (X x 10ˉ³)
F = (7.5 x 10³) x (9 x 10ˉ³)
[bookmark: _Hlk85036489]F = 67.5N
T = N x µ (M x W² (R0 + X) – F) R
T = 4 x 0.35 (1.1 x 57.6² (0.095 + 0.009) -67.5) 0.104
T = 1.4 x 312.05 x 0.104
T = 45.43 Nm

5)
Lowest RPM Calculation:Calculations in increments of 25 RPM:

[image: ]450RPM x 2  / 60 = 47.123 rad/s
T = N x µ (M x W² (R0 + X) – F) R
T = 4 x 0.35 (1.1 x 47.123² (0.095 + 0.009) -67.5) 0.104
T = 1.4 x 186.53 x 0.104
T = 27.17 Nm    
Highest RPM Calculation:                                                                          
700RPM x 2  / 60 = 73.304 rad/s
T = N x µ (M x W² (R0 + X) – F) R
T = 4 x 0.35 (1.1 x 73.304² (0.095 + 0.009) -67.5) 0.104
T = 1.4 x 547.23 x 0.104
[image: ]T = 79.70 Nm
Figure 6a
6)Calculations in increments of 25 RPM:

Lowest RPM Calculation:                                                                          
[image: ]450RPM x 2  / 60 = 47.123 rad/s
T = N x µ (M x W² (R0 + X) – F) R
T = 4 x 0.3 (1.1 x 47.123² (0.095 + 0.009) -67.5) 0.104
T = 1.2 x -8.491 x 104 x 10ˉ³
T = -1.059 Nm
Highest RPM Calculation:                                                                          
700RPM x 2  / 60 = 73.304 rad/s
T = N x µ (M x W² (R0 + X) – F) R
T = 4 x 0.3 (1.1 x 73.304² (0.095 + 0.009) -67.5) 0.104
T = 1.2 x 81.681 x 104 x 10ˉ³
T = 10.194 Nm[image: ]
Figure 7a
From the graph above in Figure 7a I can see that by changing the coefficient of friction from 0.35 to 0.3 it has lowered the maximum torque by 11.39Nm. This is down to the shoe/ferrodo lining not having as much fiction (grip) on the inner drum, which then restricts the amount of torque that can be transferred.








Lowest RPM Calculation:                                                                          Calculations in increments of 25 RPM:

[image: ]450RPM x 2  / 60 = 47.123 rad/s
T = N x µ (M x W² (R0 + X) – F) R
T = 4 x 0.4 (1.1 x 47.123² (0.095 + 0.009) -67.5) 0.104
T = 1.6 x 186.53 x 0.104
T = 31.05 Nm
Highest RPM Calculation:                                                                          
700RPM x 2  / 60 = 73.304 rad/s
T = N x µ (M x W² (R0 + X) – F) R
T = 4 x 0.4 (1.1 x 73.304² (0.095 + 0.009) -67.5) 0.104
T = 1.6 x 547.23 x 0.104
T = 91.08 Nm[image: ]
Figure 8a
From the graph above in Figure 8a I can see that by changing the coefficient of friction from its previous 0.3 above to 0.4 it has had the opposite affect compared to the graph in Figure 7a and has increased the maximum torque by 22.77Nm. This is down to the shoe/ferrodo lining having a lot more fiction (grip) on the inner drum, which then increases the amount of torque that can be transferred.







7)
Workings:Given:
T = 79.69 Nm (Question 5)
M = 0.75Kg
R = 0.104M
F = ?
α = ?

T = R x F
F = T/R
F = 79.69 / 0.104
F = 766.25 Nm

α = F x R / 0.5 x M x R²
α = 2 x F / 0.5 x M x R
α = 2 x 766.25 / 0.75 x 0.104
α = 19647.43 Rad/s²
α = 
α = 140.17 Rad/s

8)Given:
A = 1M²
W = 700 RPM = 73.304 Rad/s
Fs = 7500 Nm??
g = 9.81m/s²
σ = ?


Workings:
700 x 2  / 60 = 73.304Rad/s
σ = 73.3 / (0.02 x 0.05) x 4
σ = 18325²
σ = 
σ = 135.37 Nm²


The stress is not considered complex due to the stress acting on the shoe perpendicular at the angle of 90 degrees from the shoes surface.
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Row Number Speed (RPM):Speed (Rad/s)Torque (Nm):

1 450 47.13 27.17

2 475 49.75 31.40

3 500 52.37 35.85

4 525 54.99 40.53

5 550 57.60 45.44

6 575 60.22 50.58

7 600 62.84 55.95

8 625 65.46 61.54

9 650 68.08 67.37

10 675 70.70 73.42

11 700 73.31 79.70

Q5 - Coefficiant of Friction - 0.35
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Row Number Speed (RPM):Speed (Rad/s):Torque (Nm):

1 450 47.13 23.29

2 475 49.75 26.91

3 500 52.37 30.73

4 525 54.99 34.74

5 550 57.60 38.95

6 575 60.22 43.35

7 600 62.84 47.95

8 625 65.46 52.75

9 650 68.08 57.74

10 675 70.70 62.93

11 700 73.31 68.31

Coefficiant of Friction - 0.3
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Row Number Speed (RPM):Speed (Rad/s):Torque (Nm):

1 450 47.13 31.05

2 475 49.75 35.88

3 500 52.37 40.97

4 525 54.99 46.32

5 550 57.60 51.93

6 575 60.22 57.81

7 600 62.84 63.94

8 625 65.46 70.33

9 650 68.08 76.99

10 675 70.70 83.91

11 700 73.31 91.08

Coefficiant of Friction - 0.4
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Transmitted torque  of the driven shaft against driving shaft speed graph.xlsx


Transmitted torque of the driven shaft against driving shaft speed graph.xlsx
Q5

		Q5 - Coefficiant of Friction - 0.35

		Row Number		Speed (RPM):		Speed (Rad/s)		Torque (Nm):

		1		450		47.13		27.17

		2		475		49.75		31.40

		3		500		52.37		35.85

		4		525		54.99		40.53

		5		550		57.60		45.44

		6		575		60.22		50.58

		7		600		62.84		55.95

		8		625		65.46		61.54

		9		650		68.08		67.37

		10		675		70.70		73.42

		11		700		73.31		79.70



Transmitted torque of the driven shaft against driving shaft speed



Torque (Nm):	

450	475	500	525	550	575	600	625	650	675	700	27.170343398015994	31.395462860135119	35.848967158044438	40.530856291743994	45.441130261233774	50.579789066513769	55.946832707584001	61.542261184444421	67.366074497095113	73.418272645535964	79.698855629767095	Speed (RPM)





Torque (Nm)









0.3

		Coefficiant of Friction - 0.3

		Row Number		Speed (RPM):		Speed (Rad/s):		Torque (Nm):

		1		450		47.13		23.29

		2		475		49.75		26.91

		3		500		52.37		30.73

		4		525		54.99		34.74

		5		550		57.60		38.95

		6		575		60.22		43.35

		7		600		62.84		47.95

		8		625		65.46		52.75

		9		650		68.08		57.74

		10		675		70.70		62.93

		11		700		73.31		68.31



Coefficiant of Friction - 0.3 



Torque (Nm):	

450	475	500	525	550	575	600	625	650	675	700	23.288865769727995	26.910396737258672	30.727686135466666	34.740733964351996	38.949540223914667	43.354104914154661	47.954428035072006	52.750509586666652	57.742349568938664	62.929947981887977	68.313304825514649	Speed (RPM)





Torque (Nm)









0.4

		Coefficiant of Friction - 0.4

		Row Number		Speed (RPM):		Speed (Rad/s):		Torque (Nm):

		1		450		47.13		31.05

		2		475		49.75		35.88

		3		500		52.37		40.97

		4		525		54.99		46.32

		5		550		57.60		51.93

		6		575		60.22		57.81

		7		600		62.84		63.94

		8		625		65.46		70.33

		9		650		68.08		76.99

		10		675		70.70		83.91

		11		700		73.31		91.08



Coefficiant of Friction - 0.4 



Torque (Nm):	

475	500	525	550	575	600	625	650	675	700	35.880528983011565	40.970248180622221	46.320978619136	51.932720298552887	57.805473218872883	63.93923738009601	70.334012782222217	76.989799425251562	83.906597309183979	91.084406434019556	Speed (RPM)





Torque (Nm)
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