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In this research, the centrifugal friction clutch is the major subject of investigation and simulation. The goal is to talk about the development of the centrifugal friction clutch, as well as common uses, operating conditions, and material choices. In addition, the benefits, and drawbacks of this kind of clutch will be thoroughly examined. Task A of this paper will also look at the current use of electromagnetic clutches in automated manufacturing processes. 


Task B of this paper will undergo a series of seven questions related to the Centrifugal Clutch with four shoes. Some of the questions will vary from calculating the diameter of the outer drum to using Microsoft Excel to calculate and plot an suitable graph for transmitted torque against driven/driving shaft from different RPM speeds. All calculations and formulas has been submitted through Microsoft Word equation function. 



[bookmark: _Toc150098717]Centrifugal Friction Clutch

A centrifugal friction clutch is a type of clutch that, when a specific rotational speed in revolutions per minute (RPM) is reached, uses centrifugal force and friction to engage its components. The applications requiring for engagement and disengagement at variable or moderate rotational speeds are best suited for centrifugal friction clutches (Shallock, 2022). Centrifugal clutches offer protection against overloads, lower loads on internal combustion engines at stationary speeds, and minimise starting torques for AC motors (Crane, 1999).
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Figure 1 - Centrifugal Clutch Diagram


The centrifugal clutch includes different components which consists of springs, shoes, driving shaft, driven shafts and housing/drum which can be seen in Figure 1 above. 

Spring
A crucial part that helps the clutch assembly function is the spring in a centrifugal clutch. The clutch may be engaged and disengaged by using the spring, which is attached to each shoe. This allows power to be transferred from the engine to the driven machinery. These springs are intended to exert the clutch shoes with a certain degree of force  which will affect how they move and engage.
Shoes
The shoes are employed to aid in the transmission of the generated torque between the two spinning segments. They glide across the friction surface and are either constructed of metal or rubber, which helps to provide the necessary friction to engage the clutch. Also visible at the end of the shoes is friction lining. Depending on the clutch the shoes are not set at four per clutch, it can have 2 etc. 
Spider
The spider is normally located on the engine shaft or motor shaft and the space tends to be equal between the spiders. A star-like pattern of arms is commonly seen on the spider. By transferring centrifugal force from the shoes to the clutch plate through the spider, the clutch may be engaged (Adenwala, 2020).
Friction Shoe Lining
The usage of the friction shoe lining aids in producing the required friction to engage the clutch. Depending on the use, various materials, such as rubber, metal, and composite, can be employed. When the clutch is engaged, these materials are placed on the friction surface to assist with torque transmission. By avoiding direct contact between the drum and the shoes, this material decreases the amount of wear and strain inflicted on the shoes (Adenwala, 2020).
 Drum
The drum  which is connected to the driven shaft or gearbox system, serves as the home for all the other parts. 
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When the shaft is rotating, the springs experience centrifugal force, which causes them to travel outward. The spinning components get engaged as a result of the motion's increased friction. The springs return to their initial positions when the shaft is halted, allowing the two spinning shafts to disengage. When the centrifugal force meets the requirements (is high enough), the clutch shoes or weights pass through the resistance of the springs and make contact with the clutch drum. This contact forms a strong connection between the driving shaft and the driven shaft (Sirajeddine , 2023)
A centrifugal clutch's longevity and performance can be impacted by high operating temperatures. It's critical that the clutch can tolerate the heat produced by the engine and the working conditions.
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Typically, ceramic compounds or other coarse, high-friction materials are used to make these friction linings (BLM Team, 2019). The linings' roughness provides an excellent grip and keeps the brake shoes and housing from slipping together. These materials are attached to the brake shoes (J. O’Keefe, 2013).
To give the required tension and endurance, the springs are often composed of high-tensile steel or other robust metals.
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Utilising a centrifugal clutch system has several other significant advantages including being more cost-effective than other clutches due to the need for fewer parts, as well as requiring significantly less maintenance due to the fact that it operates automatically by directly responding to changes in engine speed (Adenwala, 2020).
Centrifugal clutches automatically engage and disengage at particular engine speeds, enabling, for instance, an engine to run within its ideal speed range. Since no manual control mechanism is required, the system's overall efficiency is increased, and it improves safety levels particularly in situations where abrupt overloads or unplanned pauses are popular, such in industrial machinery, this safety function helps to minimise costly maintenance and delays. Also, as power is transferred smoothly and gradually from the main engine to the driving component thanks to centrifugal clutches. Centrifugal clutches engage gradually as the engine speed rises, in contrast to conventional clutches, which engage abruptly. This progressive engagement lessens abrupt shocks, resulting in less wear and tear on the clutch and the related parts. As a result, operations run more smoothly and last longer (BLM Team, 2019).
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The little control they offer over the engagement and disengagement operation represents one of the key drawbacks of centrifugal clutches. Centrifugal clutches depend on engine speed to decide when to engage or disengage, in contrast to manual clutches that enable the user to exert exact control. In some circumstances, this lack of control may be harmful and dangerous (Kumar, 2023).
Additionally, because the clutch might slip when too much force is supplied, they are not appropriate for high torque operations. Since a part of the power from the engine is not efficiently transmitted to the driven section, slippage can lead to power reduction and poor efficiency. Another drawback is heat accumulation, which is brought on by friction between clutch components.
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Centrifugal friction clutches can be seen in various types of applications and industries. One industry is automotive. Centrifugal clutches are widely used in automobiles, including go karts, scooters, and mopeds. These clutches provide effective power transmission from the engine to the drivetrain as well as steady acceleration. It improves the efficiency of fuel and provides a pleasant ride by activating at the right engine speeds.
Another application is garden equipment such as lawn mowers and chain saws. These clutches improve user control along with security by instantly engaging and disengaging according to engine speed while preventing the equipment from harm brought on by high loads or abrupt stops.


[bookmark: _Toc150098724]Electromagnetic Clutches 

An armature and an electromagnet are the two primary parts of an electromagnetic clutch. The armature engages with the machine's main shaft when an electrical current is delivered to the electromagnet, creating a magnetic field that attracts the armature. As a result, power may be transferred from the driving source to the driven source. The drive shaft and armature might revolve at the same speed due to the friction between them. The flat spring retracts and pushes the armature back when the coil loses electrical power. The two shafts rotate freely in the absence of a friction connection (Bullick, 2015).
Because of its many benefits, including high torque capacity, minimal maintenance needs, and reliable control, electromagnetic clutches are frequently utilised in current automation of production processes. The following are some of the primary uses for electromagnetic clutches in present-day industrial processes:
Conveyors are one application. Electromagnetic clutches are used to regulate material movement in automated conveyor systems. They facilitate the conveyor's smooth start and stop, avoiding material breakage or damage while in transit. Electromagnetic clutches can also be utilised to regulate the conveyor's direction and speed. Electromagnetic clutches can also been seen in different machine tools such as lathes or milling machines (Bullick, 2015). 
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What is the diameter of the outer drum? 



Radius of each shoe from the shaft centre = 95mm
Clearance distance to the outer drum = 9mm
Outer drum wall thickness = 4mm

Total radius = Radius of each shoe from shaft centre + Clearance distance to the outer drum + Outer drum wall thickness 
Total radius = 
Diameter is 2x the radius.
Diameter 
Drum outer diameter = 216mm
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Engagement speed of the centrifugal clutch. 

(ⴍ) Angular velocity = ??
(r) radius = 108mm / 
(m) mass of shoe = 275g / 0.275kg
(k) Stiffness of spring = 7.5KN/m
(x)  Clearance distance = 9mm


To calculate the engagement speed, the centripetal force and the spring force needs to be carried out which the formulas can be seen below:




The two forces are equal at the engagement speed:














To convert this to RPM, we need to multiply by 60 (seconds to minutes) and divide by the circumference (2πr) to find the number of revolutions per minute:






The minimum rotational speed required for the clutch to engage and transmit power is 463.9 RPM.
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Calculate the radial force acting on the clutch face when the driving shaft is rotating at a speed of 550 RPM. 

To calculate the radial force, the formula below is required:











   


For one shoe there is a Radial Force of 27.39N. However, there are four shoes in this centrifugal clutch, therefore multiplication by four is needed.
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At the driving shaft speed of 550 RPM, what will be the value of torque transmitted to the driven shaft? 
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A graph showing the transmitted torque at the driven shaft against driving shaft speed at different RPMs.

Table 1 - Results for Torque
	RPM
	
	R
	Coefficient 
	Radians 
	Fc
	Radial Force
	Radial Force Total
	Torque
	Fs

	450
	0.275
	0.10472
	0.35
	47.1239
	63.51
	-3.99
	-15.96
	-0.5848
	67.5

	475
	0.275
	0.10472
	0.35
	49.7419
	70.76
	3.26
	13.06
	0.47849
	67.5

	500
	0.275
	0.10472
	0.35
	52.3599
	78.41
	10.91
	43.63
	1.59928
	67.5

	525
	0.275
	0.10472
	0.35
	54.9779
	86.45
	18.95
	75.78
	2.77755
	67.5

	550
	0.275
	0.10472
	0.35
	57.5959
	94.87
	27.37
	109.50
	4.0133
	67.5

	575
	0.275
	0.10472
	0.35
	60.2139
	103.70
	36.20
	144.78
	5.30652
	67.5

	600
	0.275
	0.10472
	0.35
	62.8319
	112.91
	45.41
	181.63
	6.65722
	67.5

	625
	0.275
	0.10472
	0.35
	65.4499
	122.51
	55.01
	220.05
	8.06539
	67.5

	650
	0.275
	0.10472
	0.35
	68.0679
	132.51
	65.01
	260.04
	9.53104
	67.5

	675
	0.275
	0.10472
	0.35
	70.6859
	142.90
	75.40
	301.60
	11.0542
	67.5

	700
	0.275
	0.10472
	0.35
	73.3039
	153.68
	86.18
	344.72
	12.6348
	67.5





Graph 1 – Torque Against Driven/Driving Shaft
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This question is the same as Question 5 however, there are two different coefficients of friction of 0.3 and 0.4.
Table 2 



	RPM
	 
	R
	𝜇
	𝜇
	𝜇
	Radians 
	Fc
	Radial Force
	Radial Force Total
	Torque at 0.35𝜇
	Torque at 0.3𝜇
	Torque at 0.4𝜇
	Fs

	450
	0.275
	0.10472
	0.35
	0.3
	0.4
	47.1239
	63.51
	-3.99
	-15.96
	-0.584824241
	-0.501277921
	-0.668370561
	67.5

	475
	0.275
	0.10472
	0.35
	0.3
	0.4
	49.7419
	70.76
	3.26
	13.06
	0.478491449
	0.410135528
	0.546847371
	67.5

	500
	0.275
	0.10472
	0.35
	0.3
	0.4
	52.3599
	78.41
	10.91
	43.63
	1.599283664
	1.370814569
	1.827752759
	67.5

	525
	0.275
	0.10472
	0.35
	0.3
	0.4
	54.9779
	86.45
	18.95
	75.78
	2.777552402
	2.380759202
	3.174345602
	67.5

	550
	0.275
	0.10472
	0.35
	0.3
	0.4
	57.5959
	94.87
	27.37
	109.50
	4.013297664
	3.439969427
	4.586625902
	67.5

	575
	0.275
	0.10472
	0.35
	0.3
	0.4
	60.2139
	103.70
	36.20
	144.78
	5.30651945
	4.548445243
	6.064593657
	67.5

	600
	0.275
	0.10472
	0.35
	0.3
	0.4
	62.8319
	112.91
	45.41
	181.63
	6.65721776
	5.706186651
	7.608248869
	67.5

	625
	0.275
	0.10472
	0.35
	0.3
	0.4
	65.4499
	122.51
	55.01
	220.05
	8.065392594
	6.913193652
	9.217591535
	67.5

	650
	0.275
	0.10472
	0.35
	0.3
	0.4
	68.0679
	132.51
	65.01
	260.04
	9.531043951
	8.169466244
	10.89262166
	67.5

	675
	0.275
	0.10472
	0.35
	0.3
	0.4
	70.6859
	142.90
	75.40
	301.60
	11.05417183
	9.475004428
	12.63333924
	67.5

	700
	0.275
	0.10472
	0.35
	0.3
	0.4
	73.3039
	153.68
	86.18
	344.72
	12.63477624
	10.8298082
	14.43974427
	67.5









Graph 2 - The Transmitted Torque At The Driven Shaft Against Driving Shaft Speed At Various Different Coefficients














Based on the graphs and results mentioned above, a greater transmitted torque will result from an increase in the coefficient of friction from 0.3 to 0.35 to 0.4. Therefore, the torque that the clutch transmits will be greatly affected by changing the coefficient of friction. This is as a result of the clutch shoes' increased traction on the drum.
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Angular acceleration of the drum to achieve the maximum possible torque.








Where; 
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Finally, a thorough analysis of the centrifugal friction clutch has been conducted, outlining its many components as well as its benefits and drawbacks, underscoring its significance across a range of sectors.  In addition, the usual uses and working circumstances of these clutches, together with their design and materials, have been examined. In continuation of part A, the use of electromagnetic clutches in present-day manufacturing processes has been examined in order to comprehend their significance for automation as well as the advantages they provide in terms of boosting accuracy and efficiency.
Task B has been initiated and contributed in the process of analysing, solving, and simulating the behaviour of dynamic mechanical systems through the use of computer-based simulation and conventional analytical methods. It has made it possible to work through and comprehend dynamical problems.
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The Transmitted Torque At The Driven Shaft Against Driving Shaft Speed At Various Different Coefficients
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