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[bookmark: _Toc84771717]Introduction
A clutch is a component which is used to connect the drive shaft to the driven, so that the driven shaft may be started and stopped without stopping the driven shaft, a clutch provides an internuptial connection between the two. A centrifugal clutch is a automatic mechanical clutch which uses centrifugal forces to connect the drive and driven shafts. 
The centrifugal clutch is typically made up of 5 basic components including shoes, spring, spider/guide, frictional lining and drum. The clutch is made up of a number of shoes located within a spider which is held in place by the means of springs the outer surface of the shoes and inner drum are covered in a high friction material, the driven shaft will lock into the spider while the outer drum is connected to driver. (Baski, 2020) As the spider rotates radially it will create a centrifugal force, the weight of the shoes when revolving cause the shoes to move outwards under the centrifugal force, the magnitude of which depends on the speed of the rotation, when the centrifugal force exceeds the springs force the shoes will move in an outward direction until it makes contact with the inner surface of the drum transferring torque via friction, this torque will transfer to the driven shaft when it reaches the required/ pre-determined speed.
[image: Draw the constructional details diagram of centrifugal clutch. Explain its  working principle | Mechanical Engg Diploma Topicwise Paper Solution]
[bookmark: _Toc82895054]Figure 1: Centrifugal Clutch Schematic
[bookmark: _Toc84771718]Aim
This assignment will analyse the development of the centrifugal friction clutch, including suitable diagrams, choice of materials, typical applications and operating conditions, and the advantages of centrifugal clutches.   The aim will be to prove simulation using analytical and traditional methods.


[bookmark: _Toc84771719]Centrifugal Friction Clutch – Task A
[bookmark: _Toc84771720]Development of Centrifugal Clutch
The centrifugal clutch is a clutch that bases its operation on the principle of centrifugal force generation. It is generally considered one of the smoothest types of clutches as it engages the load to the engine gradually, allowing the engine to reach its optimal torque range before it has to carry any loads. Over many years the design has developed and changed to meet the demands. There are several types of centrifugal clutches used depending on the application. A brief review of centrifugal clutches with diagrams are written below.
[bookmark: _Toc84771721]Flexible Trailing Shoe
This clutch type has a flexible band that is coated in frictional material, as the clutch accelerates the this flexible band makes contact with the outer drum. (Crane, 2003) This type is less sensitive to changes in coefficient of friction and is used in larger machines for this reason. 
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[bookmark: _Toc82703990][bookmark: _Toc82895055]Figure 2: Flexible Trailing Shoe Centrifugal Clutch
[bookmark: _Toc84771722]Connected Shoe
This clutch is the most common type of centrifugal clutch, the friction shoes are held via a rotating link which can be loaded with a spring to delay engagement or without depending on the requirements. (Crane, 2003) This clutch can have different torque settings dependant on the direction to rotation. The torque increase can be up to 3 times as high, as frictional force and pressure is increases.
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[bookmark: _Toc82703991][bookmark: _Toc82895056]Figure 3: Connected Shoe Centrifugal Clutch
This high torque mode will give an aggressive start and compromises a smooth operation for high torque transfer. 
[bookmark: _Toc84771723]Floating Shoes
This clutch type is simple in design and versatile in operation. The are excellent at maximising frictional contact area and centrifugal forces making them efficient. (Crane, 2003) This clutch projects equal force irrelevant of rotational direction.
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[bookmark: _Toc82703992][bookmark: _Toc82895057]Figure 4: Floating Shoe Centrifugal Clutch
The large wedge shaped shoes are positioned on lugs and slide outwards from the hub until contact is made with the drum surface. The garter spring will speed up the engagement between the shoe and drum.
[bookmark: _Toc84771724]Compliant Clutch
Compliant clutches is a clutch that uses its design and requires the centrifugal forces to deflect the members outwards generating the frictional force/ torque required to generate motion. This design significantly reduces the number of parts which reduces the wear points.
[image: Centrifugal Clutch | Compliant Mechanisms | Symbol design, Clever design,  Inventions]
[bookmark: _Toc82895058]Figure 5: Compliant Clutch Design
[bookmark: _Toc84771725]Material Selection
Centrifugal clutches use friction to transfer torque, to maximise the torque transfer and minimise wear/ maintenance materials have been developed to meet the varying demands of the centrifugal clutch. 
[image: clutch shoe lining]
[bookmark: _Toc82895059]Figure 6: Friction Lining on Centrifugal Clutch Shoe.
[bookmark: _Toc84771726]Asbestos
Previously asbestos was a popular choice for frictional material, the fibres were used to bind the material fibres together, asbestos had many advantages including low density, high coefficient of friction, high melting point and excellent mechanical properties. (Dagwa, 2008) Despite this the asbestos had poor thermal conductivity which would reduce performance and increase wear, Later it was discovered that asbestos was connected to sever respiratory cancers and was declared carcinogenic, with this discovery many countries stopped using this.
[bookmark: _Toc84771727]Non-Metallic Matrix
Ceramic materials have become a popular choice due to their excellent mechanical properties with high thermal stability and durability. This material also offers noise reduction and reduced wear making it popular choice in high performance applications.
Other materials including Kevlar can be bound together with thermal resins and reinforced with glass, these materials are bound together after uniformly mixing the compound and pressing them together. The advantage of these materials is low abrasive wear on drum, highly durable and is oil and chemical resistant. (Yan, 2016)
[bookmark: _Toc84771728]Metal Matrix
The metal matrix involves weaving organic and non-organic fibres around metal wires, metals such as copper and brass are used in this type of frictional material. This makes a cost effective and highly durable pad has similar wear resistance to ceramic alternatives. (Yan, 2016) This material has good resistance to oils and earth. This type has some short comings including low frequency noise, corrosion and abrasive damage to the drum surface when worn.
[bookmark: _Toc84771729]Application
Centrifugal clutches are used in a wide variety of industrial applications including, mining, aerospace and manufacturing industry, they are commonly associated with motorcycles and cars but have a number of other very important uses, including. 
· Industrial equipment for manufacturing - conveyors, rollers.
· Mining machinery – rock crushers, conveyors, pumps, fans.
· Chemical industry equipment – mixers, fans.
· Aerospace – fuel control and autopilot systems.
· Boat engines, allows engine to run idle.
· Chainsaw, sawmills, lawnmowers.
· Moped, scooters and go-cart.
· Toys – Yoyo with brain.
[bookmark: _Toc84771730]Operating Conditions
Given the wide variety of applications these clutches can be exposed to extreme and harsh environments which include; heat, humidity, cold, muddy, dusty, exposure to chemicals/ oils, vibration/ impact. To meet these demands the clutch should me designed specifically to suit the operating environment.
[bookmark: _Toc84771731]Advantages
The main advantage of the centrifugal clutch is their simplicity, they tend to use fewer parts over other options, this simplicity translates to lower costs and high reliability which makes it a popular choice and used in many different applications. The centrifugal clutch offers protection to the primary motor, the clutch dissipates any power spikes in transmission as the clutch will slip safeguarding the expensive drivetrain components. (Toulas, 2018) The centrifugal clutch also acts as a flexible coupling which allows for machine movements with shock or vibration being absorbed. The clutch is purely autonomous, and no further control mechanism is required for operation, despite the automatic nature the engagement speed can be precisely controlled by selecting an appropriate spring.
[bookmark: _Toc84771732]Electromagnetic Clutches in Manufacturing Processes
Electromagnetic clutches offer a modern solution. The clutch relies on friction but uses magnetic force to engage and disengage. One of the two plates contains an electromagnetic winding which is connected to a DC battery, DC current passes through the winding creating a magnetic force which drives the two plates together. The operation is smooth and rapid with instant transmission of torque. (Mech4Study, 2017) In its nature the electromagnet is prone to overheating issues which may degrade over time and its initially a high-cost clutch. Despite this the electromagnetic clutch is used heavily in modern autonomous manufacturing processes.  Torque transmission can be precisely controlled by adjusting the current flow, this can be used to control various tension control machines without damaging the output. The nature of the clutch reduces wear and tear and removes the need for maintenance in the long term which improves reliability of manufacturing. As there is less friction and more controlled operation the clutch is silent in operation with no dust particles which improves health and safety standards. As the pads don’t wear it offers reliable, repeatable accurate and smooth operation which further promotes repeatability of manufacturing operations. It is compact and suitable for remote locations as there is no requirement for linkage. (Abhishek Chowdhary, 2020)
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Figure 7: Electromagnetic Clutch


[bookmark: _Toc84771733]Task B
[image: Draw the constructional details diagram of centrifugal clutch. Explain its  working principle | Mechanical Engg Diploma Topicwise Paper Solution]
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 and has a clearance distance of 9 mm to the outer drum.  The outer drum has a wall thickness of 4 mm.
[bookmark: _Toc84771734]Solutions
· Shoes = 4
· Mass (m) = 275 g = 0.275 kg
· Spring stiffness (K) = 7.5KN/m =7500 N/m
· Coefficient of friction () = 0.35
· Radius to centre (rc) = 95 mm = 0.095 m
· Extension () = 9 mm = 0.009 m
· Drum thickness (Dt) = 4 mm = 0.004 m
[bookmark: _Toc84771735]Question 1
Diameter of outer drum = 2(rc + )
2(0.095 + 0.009) = 0.208 m
[bookmark: _Toc84771736]Question 2
The centrifugal force at which the point in which the shoe is touching is equal and balance to the spring force. The force of the spring has been calculated by multiplying spring stiffness (K) by the extension ()
Force = K x  		=	7500 x 0.009	=	 67.5 N
Centrifugal force formula has been rearranged below to find speed at which the shoe makes contact with the drum. 
Force = m x 1² x R
1 = 	=	 	=	48.58127067 rad/sec
Convert the angular speed from radians/second to RPM.
 	=	 463.9169622 RPM	= 	464 RPM
[bookmark: _Toc84771737]Question 3
Convert the RPM to rad/sec.
550RPM 		Rad/sec
[bookmark: _Hlk83646557]


The next equation calculates the force acting on the drum, there are 4 shoes, and the centrifugal force has to overcome the opposing force from the spring before engagement happens.

Force on clutch face from 4 shoes	 = 4((m²R) – (K))
4((0.275 x 57.59586532² x 0.104) – (7500 x 0.009)) = 109.4972555 N

[bookmark: _Toc84771738]Question 4
Torque calculated on a 4 shoe centrifugal clutch at the driving shaft speed of 550 RPM.
Frictional force of 4 shoes = 4r
Internally expanding frictional shoes are held in place by the rotational force against the force of the spring, the torque increases with speed, to calculate torque capacity of the clutch the following formula is used:
Torque () = 4R (mR²- K)
 = 
Using the outer drum radius as this is the radius when engagement takes place.
R = 0.095 + 0.009 = 0.104 m
 = 4 x 0.35 x 0.104 x (0.275 x 0.104 x 57.59586532² - 7500 x 0.009) 
 = 3.9857001 Nm
[bookmark: _Toc84771739]Question 5
Data from Table 1 has been calculated using MS Excel and used to plot a graph (Table 2) displaying the transmitted torque at the driven shaft against driving shaft speed, from 450 RPM to 700 RPM in increments of 25 RPM, with a coefficient of friction 0.35.
[image: ]
[bookmark: _Toc83904855]Table 1: Displays torque values at speeds from 450RPM to 700RPM at 25RPM increments with coefficient of friction 0.35

[bookmark: _Toc83904856]Table 2: Graph showing the transmitted torque at the driven shaft against driving shaft speed, from 450 RPM to 700 RPM in increments of 25 RPM
[bookmark: _Toc84771740]Question 6 
The torque has now been calculated using a coefficient of friction between the initial value of 0.35 (Torque In), In now observing torque using the values of coefficient of friction 0.30 (Torque A) and 0.4 (Torque B). These values have been used and plotted on the graph below in Table 4.
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[bookmark: _Toc83904857]Table 3: Data displaying calculated torque using coefficient of friction 0.30, 0.35, 0.40

[bookmark: _Toc83904858]Table 4: Calculated torque values using coefficient of friction 0.30, 0.35, 0.40 plotted on a graph
There are a number of things to note when changing the frictional material of the shoes, the change in coefficient of friction firstly impacts the maximum torque value, buy increasing the coefficient of friction it increases the torque transferred to the driven shaft, it is also noted that the faster the clutch spins the greater amount of torque is transferred and we can see from the data in table 3 & table 4 that the difference between the 3 frictional values increases the faster the clutch rotates. 
It is unusual to see negative torque values, but this was observed within the calculated data, this value indicates that the clutch has yet to overcome the centripetal force & force being exerted by the spring. As the speed increases and passes the engagement speed of 463 RPM after this point the torque is transferred to the drum creating a positive torque and initiating movement on the driven shaft.
The gradient/slope of the graph is steeper when using the higher coefficient of friction material, this indicates that by increasing the friction generates a faster transfer of torque. The torque increase can be seen between the three values as the torque values are higher with higher frictional material for the same speed of rotation.
If the coefficient of friction had increased by a greater amount we would see a greater difference in results. The nature of how the torque is calculated means that everything is multiplied by the coefficient of friction so it will have a big impact on the resulting torque.
Torque () = 4R (mR²- K)
[bookmark: _Toc84771741]Question 7
The torque value calculated using the coefficient of friction 0.40 will be used to find the angular acceleration () to find this the following formula was used.
When finding Torque of a solid disk: Torque () = Inertia () x Angular Acceleration ()
 =  					
To find Inertia of a solid disk we must use:
 = 1/2mr²	=	0.5 x 0.750 x 0.104²	=	4.056x10^-3 Kg/m²
Maximum torque from point 6:
 = 14.3404696Nm
Therefore angular acceleration is:
 =  	=	 3535.618738 Rad/sec²
[bookmark: _Toc84771742]Question 8
Stress can be calculated using:
Stress () =  
Area of the 4 shoes is:
Area (A) = 4(0.05 x 0.02) = 0.004m²
Load at 700RPM is:
344.722827 N
Therefore the direct stress experienced on the drum is: 
 = 		=	 	=	86180.70675 N/m² 
At 700 RPM the stress situation would not be considered as a complex stress model this is because the shear stresses induced will cause the drum rotation, for complex stress to be considered it must be applied to a fixed body. As the shear stress is used to rotate the drum there is only a normal stress and one-dimensional stress plane i.e. uniaxial stress or direct stress. 
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