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Introduction 

This report is broken into two parts Task A will investigate centrifugal clutches, initially background research into centrifugal clutches carried out, exploring the development of the centrifugal friction clutch, research into the layout of the clutch, the choice of materials used and the application and operating conditions and the advantages of them. Electromagnetic clutches in modern automation of manufacturing processes will also be explored. Task B comprises of 8 questions based around centrifugal clutches. 





















Literature Review and Research Task A 

Background 

According to Toulas (2018) Its uses vary but it is often found in a variety of machinery such as chainsaws and in motorbikes and scooters and it engages and disengages power transmission (Mechanical Education, n.d.). Toulas (2018) also suggests that the centrifugal clutch is one of the smoothest of clutch types, because of its design it gradually engages to the engine, letting the engine reach its ideal torque before it has to carry any load. 
 The history of centrifugal clutches date back to before 1956 where they were used in locomotives. In 1936 they first featured in cars by Armstong Siddeley, and Thomas Fogarty is also recognised for inventing centrifugal clutches in small motor applications (Mechstudies, n.d.).
A centrifugal friction clutch is a mechanical clutch which operates under centrifugal force generation (Mechanical Education, n.d.). The clutch provides a connection between two shafts, it connects the driving shaft to a driven shaft, at the discretion of the user without stopping the driving shaft. The clutch can contain a number of shoes contained within guides these shoes are held in place via a spring system. When the driving shaft rotates this creates a centrifugal force, if the force is less than the spring force the shoes maintain the same position, when the centrifugal force increases and surpasses the spring force the shoes move outward, pressing against the driven shaft, an increase in rotational speed cause further pressure on the shoe to the driven shaft triggering the driven shaft to begin rotating (Pandit et al., 2017). Pandit et al (2017) description of the workings of a centrifugal clutch is similar to that of (Li, Huang, Lin, 2016) who also maintains once the rotational speed of the drive is suitably high, the shoes are forced to move outward due to the centrifugal force, the friction lining engages with the clutch drum where it is tightly pressed against the inside surface of the clutch drum. 

Development Of The Centrifugal Friction Clutch
Centrifugal force is the outward force that forces a body away from the centre of rotation when it is in a circular movement (Helmenstine, A, 2025), so the general idea of centrifugal clutches will be the same over the years of use. One of the main developments will be its increase in uses into various applications. Where it may have started in locomotives (Mechstudies, n.d.) it has progressed onto chainsaws and motorbikes (Toulas, B, 2018), similar progression is indicated by (BLM Automatic Clutch, n.d.) that specifies centrifugal clutches can be found in pumps, mortar mixers, power trowels, and compressors. Equipment like these would have not been around many years ago and so development of these products, develop the usage of the centrifugal clutch. Further to this the uses can include industrial, military and chemical applications (BLM Automatic Clutch, n.d.). According to BLM Automatic Clutch (n.d.) they provide custom clutches, with various coupling, flywheel, and soft start combinations to name a few illustrating the development and potential customizability of them. 









Diagrams

A centrifugal clutch is constructed of the following parts 
Drum - Outer part of the cutch that rotates in conjunction with the crankshaft of the engine, it surrounds every component of the clutch, it is connected to the transmission system (Yousef, 2024).
Clutch basket – static part of the clutch system that holds the clutch plates until they are required (Yousef, 2024).
Clutch plates – acts as a friction disc to transmit power from engine to transmission (Yousef, 2024).
Springs –  holds the clutch plates in place by applying pressure and keeps clutch plates engaged with each other. (Yousef, 2024). The spring is also attached to the shoes which holds them in initially but allows them to move radially outwards (Mechstudies, ND). 
Shoe – these have a friction covering on the end, when the clutch is engaged it is the shoe that maintains in contact with the clutch basket (Yousef, 2024) the clutch shoe slides in the guides, they act as friction absorbers. These are held in position by the springs (Mechstudies, ND). 
Friction lining – this is attached to the outer part of the shoe, also an inner friction lining on the drum creates grip. The sliding shoes experience less wear as they are not coming into direct contact with each other (Yousef, 2024).
Spider – mounted to either the engine or motor shaft, these have an equal distance between each part usually at 90 degrees. This spider acts as a guide and directs the shoes which absorb the friction. (Yousef, 2024). Mechstudies (n.d.) suggests the spider has similar properties.  
Weights -  fastened to the drum, when engine speed increases the weights move outward due to the centrifugal force and achieve connection with the clutch basket, engaging the clutch (Yousef, 2024).
Key – clutch is connected to the engine crankshaft by a key (Yousef, 2024). 


Figure 1 Diagram Of A Centrifugal Clutch (Yousef, 2024) 

With the explanations of the items of a centrifugal clutch stated previously Figure 1 identifies the parts of a Centrifugal clutch via a diagram. Figure 1 diagram shows a 4 shoe clutch, where as figure 2 only has 3 shoes and is a slightly different design however the principle of it working on centrifugal force is the same. 


Figure 2  Image Of A Three Shoe Centrifugal Clutch (Mechstudies, n.d.)










Materials 

In terms of centrifugal clutch materials the friction lining materials on the end of the shoe vary considerably. This friction lining is the section that will contact the clutch plate drum. The role of friction material is to maintain a high and stable coefficient of friction and be resistant to wear during operation (Kholil et al., 2021). Kholil et al (2021) indicates that the clutches can be constructed from asbestos, however this material is harmful to human health and the environment, with the Health and Safety Executive (n.d.) stating that asbestos was used as friction material in clutches, but asbestos was prohibited for use in these parts from 1999. Though some older vehicles could still contain asbestos containing products. Non-asbestos based material is a multi-material system, this system is used to achieve the desired performance properties (Kholil et al., 2021). Natural composite material for clutches can be categorized into; fibres, binders, friction modifiers, and fillers.  
Binders – bind the materials firmly 
Fibres – added for strength 
Friction modifiers – used to manipulate the friction range 
Fillers – used to enhance resistance to fade and space filler to reduce expenses (Kholil et al., 2021).
Tests have been conducted on a variety of materials, with the potential use on motorcycle centrifugal clutches. The tests carried out used a composite of coconut fibre, sawdust, and green shells, mixed with phenol-formaldehyde resin as a binder (Kholil et al., 2021). The use of Natural fibres is also explained in Kholil et al(2022) explaining the results of the experiment showed differences in the characteristics of each mixture composition of the natural fibre composites. Other experiments have been conducted by Li, Huang, Lin, (2015) for 18 kinds of frictional lining. The composite material used in the experiment for the friction lining was made of a combination of asbestos-free organic fibre, aramid fibre, phenolic resin, nitrile-butadiene rubber, cashew friction dust, barites, artificial graphite powder, coke, and copper powder. So a variety of different elements have been tried in the use of friction linings. 

Applications and operating conditions 

As indicated previously in the report the applications of centrifugal clutch has varied over the years from locomotives (Mechstudies, n.d.), to motorbikes and chainsaws (Toulas, 2018), this type of clutch has also seen use in go-karts, agriculture equipment, industrial machinery, and construction equipment (Testbook, 2023). These applications are supported by Crane (2023) who states that thousands of string trimmers, chainsaws and go-karts have power transmission provided via a centrifugal clutch.

Advantages and Disadvantages Of Centrifugal Clutches 

Advantages of a centrifugal clutch
Cost effective, allowing them to be accessibly used in various equipment
Smooth transitions, as they provide gradual engagement this reduces shock loads. 
Automatic engagement, as they engage based on engine speed, this automation simplifies operation for the user (Mechanical Education, (n.d.)
If used with a particular engine can become efficient and effective  (Toulas, 2018)

Disadvantages of a centrifugal clutch 
Not suitable for high performance or precision applications
Slipping can lead to wear and reduced efficiency
Friction material can wear requiring replacement 
Limited use in heavy duty applications (Mechanical Education, (n.d.)
Due to friction heat generation is an issue if not taken into consideration permanent damage may destroy clutch (Toulas, 2018).
Improper installation can result in failure rapidly (Toulas, 2018).
Power loss due to friction and slipping (Toulas, 2018).

Electromagnetic clutches 

Electromagnetic clutches transmit drive torque by friction in dry running conditions. When DC voltage is applied, torque transmission is achieved. With special machining of the surfaces ensures rated torques can be reached without a ware in period (Inotrq, n.d.) 


Application of electromagnetic clutches in modern automation of manufacturing processes 

This use of electromagnetic clutches vary they can be found in printing presses, conveyor systems, lathes and mills, robotics for controlling motion and power transmission in joints and limbs (Testbook, 2023)




















TASK B 




Consider the centrifugal clutch above that comprises of four ‘shoes’ symmetrically attached to the ‘spider’. Each shoe with its friction lining has a mass of 275 grams and is attached by means of a linear mechanical spring with a stiffness value of 7.5 kN/m. The coefficient of friction of the material attached to the shoes is 0.35. The centre of mass of each of the shoes is at a radius of 95 mm from the shaft centres in the rest position shown above, i.e. can be considered as the distance to ‘edge’ of shoes and have a clearance distance of 9 mm to the outer drum. The outer drum has a wall thickness of 4 mm.
Q1.
Each shoe is at a radius of 95mm from the shaft centre in the rest position to the edge of the shoe 
Clearance distance is 9mm 
Out drum wall thickness is 4mm 
Radius 95mm x 2 = 190mm diameter shoe face to shoe face 
Clearance 9mm x 2 = 18mm accounting for 9mm one side of shoe face and 9mm the other side 
190mm + 18mm = 208mm internal diameter of drum radius 104mm 
Wall thickness 4mm 
Wall 4mm x 2 = 8mm 
Internal diameter 208mm + wall thickness 8mm = 216mm Outside diameter of drum

Q2.
As shoe just touches outside drum, radius from centre of shaft to drum = 104mm
centrifugal force = spring force 
Shoe mass of 275 grams 275/1000= 0.275
Spring stiffness value of 7.5 kN/m.  7.5x1000 = 7500N/m
r=104mm 104/1000=0.104
F= mrω12
CF= SF(7500) = 0.275 x 0.104 x ω12
ω1= 7500 / (0.275 x 0.104) = 262237.76
√262237.76 = 512.09 rads/s
Convert to RPM 
ω1=    rearrange RPM =  =  = 4890RPM 



Arc length = s 
θ = radians = s/r 
S = radius θ
Circumference = 2πr 
θ = 2πr/r = 2πradians (2πrad =360°)
360/2π = 1 rad 
2πr







Q3.
550RPM 
Convert to RPM 
ω1=    =  = 57.60
V= ωr
57. 60 x 0.104 = 5.99
Force = mass x velocity2 / radius
F=   = 94.88 



Q4.

T = N x μ x R x F
T= Torque 
N = number of friction surfaces
  μ= coefficient of friction
R = the radius of friction surface 
F = applied force
Friction surfaces = 4
Coefficient of friction = 0.35.
Radius = 0.104
Force = 94.88
T= 4 x 0.35 x 0.104 x 94.88 = 13.81





Q5.



This graph indicates that if the shaft speed increases in value then the torque transmitted also increases. 















Q6.

SHAFT SPEED     (RPM)	TRANSMITTED TORQUE (Nm) COEFFIENT 0.3	TRANSMITTED TORQUE (Nm) COEFFIENT 0.35	TRANSMITTED TORQUE (Nm) COEFFIENCT 0.4
450	7.926160859	9.247187669	10.56821448
475	8.831308859	10.30319367	11.77507848
500	9.785383777	11.41628107	13.04717837
525	10.78838561	12.58644988	14.38451415
550	11.84031437	13.8137001	15.78708583
575	12.94117004	15.09803172	17.25489339
600	14.09095264	16.43944475	18.78793685
625	15.28966215	17.83793918	20.3862162
650	16.53729858	19.29351501	22.04973144
675	17.83386193	20.80617226	23.77848258
700	19.1793522	22.3759109	25.5724696

Table 1 Shaft Speed and Transmitted Torque With Vary Coefficients
Table 1 which shows shaft speed and transmitted torque coefficient of frictions of 0.3, 0.35, 0.4 respectively.
What can clearly been seen in table 1 is the general pattern of when shaft speed increases the transmitted torque also increases. Another observation is that when the coefficient of friction increases the transmitted torque also increases. 
450RPM shaft speed with a coefficient of friction of 0.3 producing 7.926160859Nm
While a 
450RPM shaft speed with a coefficient of friction of 0.4 producing 10.56821448Nm

A difference of 2.6420Nm as the coefficient of friction has changed by 0.1. 










Q7.
Maximum transmitted torque = 25.5724696
For a solid disc 
I =  mr2
I =  (0.75) x (0.104)2
I = 4.056x10-3 
A= 
A=  
A= 6.3049 x 103

Q8. 
Tangential force = mass x acceleration
δF = δm.a 
δF  = 0.75 x 6.3049x103 
δF = 4728.68
tangential torque = tangential mass radius squared x acceleration
δT = δm.r2.α
      = 0.75 x 8.75x10-3 x 6.3049x103
= 41.3759
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A Graph To Show Transmitted Torque Vs Shaft Speed
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