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1.0 Introduction
[bookmark: _GoBack]A centrifugal clutch operates through centrifugal force being generated from the engine which increases as per the RPM. The rotating shaft of the clutch is connected with the engines crankshaft through the center hub of the clutch. The clutch generates its force from the rotary motion generated from the crankshaft, thus meaning when the RPM Increases due to the driving shaft, the shoes that are installed on the inner side of the assembly to extend to the inner wall of the drum. In the event of the RPM of the engine decreasing, the clutch will immediately disengage so the driven shaft will no longer receive the rotary motion from the crankshaft (Toulas, 2018).
 


[image: Centrifugal Clutch Explained â�� An Engineer&#39;s Guide to a Centrifugal Clutch]



















(Image 1 – Image of the contents within a centrifugal clutch
Reference - (Lanceral, 2021). 


















2.0 Assembly and Material Selection 
Determined by clutch size, the retaining components of a centrifugal clutch are fabricated from a three piece construction, including a spring, drum and a shoe.

Shoe : The Shoe of the centrifugal clutch, when exerted to centrifugal force (Which exceeds the force of the spring as per rpm increase) extends in a linear plain outwards towards the housing of the clutch. The component will be manufactured to a specified diameter from a heat resistant material, as heat is a byproduct during the process of generating friction. The body of the shoe will generally be produced from a metal/steel, with a friction material around the circumference diameter of the component, “friction disc plates or friction plates, are used in automotive brake systems. They consist of a metal plate bonded with friction material. Friction discs are commonly made from metal. However, the use of metal has a drawback, which is the grinding noise created when friction is applied. (Materials, 2021). Friction materials are utilised to prevent slipping between the shoes and the inner housing of the clutch. Initially, asbestos was utilized as a industry standard as a friction material within centrifugal clutch, “but due to the increase of health concerns associated with exposure to asbestos, ceramic has become a popular material to use as an alternative.” (Materials, Friction Materials, 2021). Alternatively, manufacturers utilize semi metallic materials such as brass and copper for they’re durability properties. Semi metallic materials have a better capability with regards to heat generation and therefore are a adequate substitute within a centrifugal clutch, “Semi-metallic friction materials with a high iron or steel content can handle heat much better than ceramics, low-metallics and non-asbestos organic (NAO) materials. Semi-metallics will wear less and fade less as brake temperatures rise. But the trade-off to switching to a semi-metallic may be increased noise and rotor harshness.  (Carley, 2005). 

Drum : The drum of the component is the part within the clutch hat receives the torque from the friction material via the shoe as per the rotary motion increasing, thus allowing the drive to be collected. The drum of the clutch is generally manufactured from steel, of which will interact directly with the friction material around the circumference of the shoe. 


Spring: The spring component is utilized to restrict the shoe from moving in a linear plane to collide with the inner circumference of the clutch drum. As per the RPM increasing, the centrifugal force of the clutch will overcome that of the force of the spring, thus allowing the two to engage. However, the springs may be modified/changes to “adjust the revolutions required for engagement of the clutch as they act against the radial force generated by the clutch to retain the arms as revolutions increase/decrease” (LTD, 2011).













3.0 Advantages of a Centrifugal clutch

Whilst considering advantages of the centrifugal clutch, due to the shoes being released by the spring via force, the clutch can be considered to be released automatically which does not require manual intervention from the user, “Centrifugal clutches automatically engage and disengage. You don’t need any type of control mechanism. Centrifugal clutch relies on the laws of physics” (BLM, 2019). Also, due to the shoes engaging with the drum when the centrifugal force generated by the rotary motion of the crankshaft exceeds the force of the spring,  this results in the unit being considerably cheaper to purchase as that of its competitors, as there fewer parts involved (No battery included etc), “Centrifugal clutches are relatively inexpensive compared to other clutch types. Partly because there are fewer parts involved, no battery or additional components necessary.”  (BLM, 2019). The clutch, due to the force on the spring being slowly overcome by centrifugal forces exerted on it, also decreases the chances of the engine stalling, due to large loads not being exerted on the engine, “It is safer for both the user and the systems since huge loads won’t stall the engine and letting the throttle free disengages the driving shaft almost immediately.”  (BLM, 2019). When considering the usage of the centrifugal clutch, its maintenance costs are low to the user due to design and material of manufacture, therefore promoting the centrifugal clutch as a cost-effective resolution to effectively transmit power to the remainder of the engine, “The servicing and maintenance cost of the centrifugal clutch is low. As the construction and primary design is good so there is a little chance of breaking down or wearing away of the system” (Baksiin, 2021). 




























4.0 Application of Electromagnetic Clutches 

A electromagnetic clutch operates through allowing power to be transferred from a primary drive shaft to a secondary drive shaft through electrical engagement. Component is typically assembled from 3 primary components – the drive shaft which is a fixed item,  this is where  stationary electromagnet is joined to the assembly, a rotor which is fixed to this shaft, and ultimately a armature to connect the hub of the clutch to a secondary shaft (This commonly has a belt attached to it). The clutch operates when a magnetic field is crated around the drive shaft when voltage is applied, thus transferring through the rotor and armature ensuring the primary shaft engages with the secondary shat – thus creating output. 


Whilst considering the application of electromagnetic clutches, they are utilized in “many types of high speed, high cycle rate and long life machines including printers, packaging machines, food processing equipment, industrial mixers, and cash counting machines.” (JBJ, 2021). The component is utilized in the above appliances due to its ability to “convey or cut power from the motor to the conveyor without stopping the power (without turning off the motor) by being mounted between the motor and conveyor” as seen in figure 2
 (Pulley, 2021). 
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(Figure 2 – Demonstration of function of a electromagnetic clutch.
Reference -  (Pulley, 2021).

As seen in figure 2, a advantage of a business utilizing a electromagnetic clutch is that it has the capability too achieve automatic transmission whilst requiring no linkage to operate the clutch. The system also allows for immediate response time when activated with minimal complexity to maintain (MECHANICALFUNDA, 2020). 

Having argued its advantages, there are also disadvantages associated with the electromagnetic clutch, the component “dissipates energy as heat in the electromagnetic actuator every time the clutch is engaged, thus creating a risk of overheating which is a major limitation” (Clutch, 2019). The clutch also has a high initial instalment cost, which may cause limitations as lesser businesses may seek alternative clutches/systems. 

Therefore to conclude it has become apparent electromagnetic clutches are vastly utilized within high-speed industry’s due too they’re ability to disconnect and connect power without stopping power supply to other systems.
















































Question 2 – Numerical Analysis.

1)
Internal radius is the addition of distance from centre of clutch to edge of the shoe, plus the displacement the shoe will move to engage with with inner surface of the drum; then multiplied by 2 for diameter. 

Shoes centre of gravity from centre of shaft = 95mm.
Distance between outer drum and centre of mass of shoe = 9mm.

	Therefore,
Radius (r) = 95+9 = 104mm.

	Thus meaning,
Diameter = Radius x 2
Diameter = 104 x 2
Diameter = 208mm.

Outer radius (r) = 95+9+4 = 108mm

	Therefore,

Total outer diameter = 108mm x 2 = 216mm.

2)
Initially, determine value of force required to engage spring (Spring force):

Ensuring SI Units are used :
 = 9mm = 0.09m.
 
x
F = 7.5x x 0.009 
F = 67.5N.

Post successful determination of force required to engage spring, interpolate centripetal force formula to make subject to determine engagement speed. 

Conversion to SI units :
R = 104mm = 0.104m.


  (Division of both sides by allows for to become subject of formula)

	Hence,
  

	Therefore,

 

= 2360.13986
 
. 



3)
Use of centrifugal force formula, re-arranged to ensure F is subject of formula to be utilized to determine centrifugal force.

Conversion to SI units :
550rpm = 57.595 rad/



	Therefore,

x 57.59x 0.104 – 67.5 (Sum must eliminate spring force as it opposes the drum).


	As there are four shoes on the clutch in question :

Overall force on clutch = 27.37 x 4
F = 109.48N. (Force generated by 4 shoes).


4)
Torque = friction x (Centrifugal force – spring force) x radius x Number of shoes
Torque = 0.35 x (109.48 – 67.5) x 0.104 x 4
Torque = 6.11Nm.





















5)
When considering the transmitted torque at the driven shift against the incremented rotary speed of the shaft, from a variation of speeds the below was found:


(Image 3 -Force at a variation of Radiuns/
Reference – Microsoft Excel, 2021).

In the above graph, we see at 450rpm a negative value, which indicates that the force generated by the springs (also known as the Centripetal force)  is exceeding the centrifugal force – due to the lack of rotations. Whilst considering the graph at 475rpm, it is a valid argument to a be of the assumption between this increment in speed, the centrifugal force begins to outweigh the force generated by the spring which results in a positive Force being generated, thus meaning the shoes have began to move in a linear plain towards the inner drum. As analytically proven during question 3, we see the clutch colliding with the inner circumference of the drum at 550rpm where 109N of force is generated, thus aligning both the graphical and analytical analysis completed . The maximum force applied to the clutch was 344.7228N at 700 rotations per minute. 

















6)



(Figure 4 - Visualization of how Torque behaves when Friction increases
Reference – Microsoft Excel 2021).

When considering the incremental increase in friction, it has become evident all results corresponded re-cyclically. It became apparent that where friction is increased, the torque can also be increased. The above numerical changes have been made under the assumption that no outstanding circumstances have effected the performance of the clutch. For example, if Grease was to be added to the inner drum of the centrifugal clutch the torque can be engaged at a higher rpm to reduce slip which would neglect the data collected in Figure 4.  We are also under the assumption here that the total area of the friction surface is reciprocal across all shoes. 





















5.0 Conclusion
 
Due to the nature and primary function of the centrifugal force, it has become apparent its material of manufacture is of paramount importance to ensure the centrifugal force generated within the clutch is transmitted efficiently to the drive shaft. 

Under the assumption of perfect operating conditions, during part B of the above report it was possible to both analyze through both analytical and graphic means of how the centrifugal clutch reacts under different rotary speeds to reinforce the theoretical findings in segment A. 
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Force Increase as Rad/s Increases. 

       F  = m. ω ².r – K.x	-15.956383296535165	13.054770462811177	43.634094695635667	75.781589401938334	109.49725458171912	144.78109023497808	181.63309636171533	220.05327296193076	260.04162003562442	301.59813758279574	344.72282560344581	



Torque Where friction Increases. 

Where μ = 0.30	-0.49783915885189711	0.40730883843970866	1.3613837545038328	2.3643855893404759	3.4163143429496365	4.5171700153313159	5.666952606485518	6.8656621164122384	8.1132985451114816	9.4098618925832263	10.75535215882751	Where μ = 0.35	-0.58081235199387993	0.47519364484632681	1.5882810469211381	2.7584498542305549	3.9857000667745757	5.270031684553202	6.6114447075664371	8.0099391358142782	9.4655149692967289	10.978172208013763	12.547910851965426	Where μ = 0.40	-0.66378554513586285	0.54307845125294496	1.8151783393384435	3.1525141191206347	4.5550857905995148	6.0228933537750882	7.5559368086473571	9.1542161552163197	10.817731393481976	12.546482523444302	14.340469545103344	





Page 11

image3.png
HOUSING

FLYWEIGHTS

LININGS
HUB

SPRINGS




image4.png




image1.png
< (EM] uwtsd badge @] (4] i} a
e Apple ESPN
UWTSD Image. - george08griff@gmail.com - Gmail uwtsd badge - Google Search —+
Trinity Saint David Students"Union Looking for a new badge design? Look no ... wtsd [nstagram posts (photos:
tsdsu.co.uk teamsportdirect.co.uk picuki.com

PRIFYSGOL CYMRU

Y Drindod Dewi Sant

The Team - 1st Team - UWTSD Lampeter RFC WALES TANG SO0 DO HeddluDPPolice on Twitter: "Enjoy your ... UNIVERSITY OF WALES

pitchero.com walestangsoodo.co.uk twitter.com Tri n ity S a i n t D av i d

Related searches

university of wales crest >

university of wales trinity saint david >

University of Wales Trinity Saint ... Uwtsd Sports Therapy Grou...
uwtsd.ac.uk facebook.com
Responsible 100

University of Wales Trinity St David (UWTSD) | Responsible
100

Images may be subject to copyright. Learn More

Related images

PRIFYSGOL CYMRU

Y Drindod Dewi Sant]

UNIVERSITY OF WALES

UWTSD Word Search - WordMint University of Wales Trinity Saint David University of Wales Trinity Saint David Mo A 5

) Trinity Saint David|
wordmint.com uwtsd.ac.uk uwtsd.ac.uk
UWTSD Swansea Open Days...

Prifysgo' Cymru mystudentevents.com
E 3 Y Drindod Dewi Sant

ﬁr\’E» gs020,




image2.png
UWTSD Moodle 2020/21

C&le

aston martin logo

ASTON MARTIN

Aston Martin - Wikipedia
en.wikipedia.org

<>
872\ 0

ASTON MARTIN

Aston Martin Logo, HD Png, Meaning ...
carlogos.org

ASTON MARTIN

Aston Martin History - Wings & Badge ...
www2.astonmartin.com

Aston Martin Formula 1 reveals new...
pistonheads.com

“—— eI
RSN
V70

ASTON MARTIN

Aston Martin - Logos Download
logos-download.com

ASTON MARTIN
FORMULA ONE” TEAM

logodesignlove.com

-_—
- DS -

— i

Aston Martin Logo - Aston Martin Emblem ...
car-logos.net

Aston Martin logo evolution | Logo ...

aston martin logo - Google Search

@ Car Logos

Aston Martin Logo, HD Png, Meaning, Information

Images may be subject to copyright. Learn More

Related images

ESTASTON MARTI B2
e

ASTON MARTIN

Aston Martin Autowatch Ghost ...

pvssecurity.co.uk - In stock

e ),
S—SASTON MARTINE——
— —

<P, N
oINS

ASTON MARTI
RACING

ASTON MARTIN

ASTON MARTIN

Aston Martin logo PNG
pngimg.com

=H00N WRIN——
<2
=//INSS

ASTON MARTIN

See more

—_— ————>
S——ASTON MARTNEE——
—ASTON MARTINE——

ASTON MARTIN

New Aston Logo Black - Aston ...
kindpng.com

ASTON MARTIN

Car Logo Aston Martin Icons PN...
iconspng.com





