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[bookmark: _Toc72744656]Introduction
to discuss the development and advantages of the centrifugal friction clutch, choice of materials typical applications and operating conditions. Centrifugal clutches are actuated by the centrifugal force resulting from rotating the clutch. They transfer torque through frictional contact, but there are different methods for transmitting their power and controlling their engagement.  The second and last purpose of this work was to discuss the current application of electromagnetic clutches in modern automation of manufacturing processes.

























1 [bookmark: _Toc72744657]Centrifugal Clutches
“Centrifugal clutches transmit torque as a function of the driving speed.” (“centrifugal-clutch-assembly.doc - CENTRIFUGAL CLUTCH ...”) The actuation force and control are provided by centrifugal forces on the clutch. This work seeks to develop novel centrifugal clutch configurations with increased torque capacity and/or load acceleration smoothness while maintaining a cost advantage over rigid-body designs. A successful design increases these performance parameters and/or decreases production costs. Centrifugal clutches are constrained by many factors such as heat, wear, load capacity, and space.
Centrifugal clutches reduce starting torques on AC motors, reduce loads on internal combustion engines at idle speeds, and provide overload protection. They can also isolate torsional vibrations. In many applications, the clutches provide adequate load acceleration and control with minimal expense. Their use can also decrease required motor size by decreasing the current draw of motors accelerating a high-inertia load. This is accomplished by reducing the required torque output at speeds where the motor is least able to generate torque (Proven Performance Clutch and Brake Technology, 2020) .
Each year, centrifugal clutches provide power transmission and/or control for thousands of string trimmers, chainsaws, radio-controlled cars and helicopters, and go-karts. They also control torque transmission in large industrial motors transmitting hundreds or even thousands of horsepower. These applications use centrifugal clutches due to their simplicity and low cost relative to competing solutions such as magnetic, electric, and pneumatic clutches. However, the simplicity of the centrifugal clutch also limits the range of torque control possible from a given clutch. This limits their use in applications demanding smoother starts, or with varying starting conditions (Centrifugal Clutch: Principle, Construction, Working, Advantages and Disadvantages with Application, 2017).
The squared relationship between torque and speed means there is a cubic relationship between speed and transmitted power. “This can be an advantage or disadvantage depending on the application.” (“Angular vs. React: Which is Better for Web Development ...”) (“Cleaning Electronics with Isopropyl Alcohol | Tech Spray”) A small deviation in operating speed can result in a very large change in maximum transmitted power. A clutch should be sized so that no components will be damaged if the clutch transmits its maximum torque. The working condition for the clutch disc to last is: it must be covered with a friction material that Can withstand the torque and RPM of the engine and withstand the clamping force of the pressure plate has to manage the heat caused by engagement and disengagement , the clutch is usually required to engage and disengage smoothly (racing clutches, not so much).

[image: ]Fig 1.
A common centrifugal clutch design is the connected shoe design shown in Figure 1. As the clutch speeds up, the arms deflect outward. When the arms contact the cylindrical drum that surrounds them, they begin to transmit torque. Torque transfer capacity will continue to increase as the speed increases.
[bookmark: _Toc72744658]1.1 Advantages
The primary advantage of centrifugal devices is their simplicity. They do not need any external signal or power for actuation or control. They use fewer components than competing solutions. This simplicity leads to lower costs and high reliability. Often, centrifugal devices are the lowest cost solution to a problem. This cost difference can be quite significant in some applications. Many years of experience in designing and using centrifugal devices has allowed steady improvements in their performance.
Another advantage is their sensitivity to small changes in speed since the actuation force varies with the speed squared. This sensitivity can be very advantageous in applications such as centrifugal switches and overspeed brakes. A small increase in speed can cause a larger increase in actuation force. This helps an overspeed brake stop a larger than expected load at only slightly higher speeds.
 (Engineer’s Guide 2, 2019)
[bookmark: _Toc72744659]1.2 Disadvantages:
Power transmission is limited due to slippage.
It cannot used to transmit high amount of torque.
The power transmission or speed regulation depend on controlling speed.
Overheating problem due to quick engagement during running condition.
Application:
It is used in chain saw, lawn mower etc.
It is used in textile industries.
(Centrifugal Clutch: Principle, Construction, Working, Advantages and Disadvantages with Application, 2017)



[bookmark: _Toc72744660]1.3 Centrifugal Clutch Applications
A centrifugal clutch can be used for a range of engine driven equipment with a high starting inertia. “They are commonly found on mobile equipment with rotating parts that are driven by small diesel or petrol engines.” (“Centrifugal Clutch Explained – An Engineer’s Guide to a ...”) (“Centrifugal Clutch Explained – An Engineer’s Guide to a ...”) Some of these examples include:
· chain saw, lawn mower etc.
· textile industries.
· Vibratory plate compactors and rollers
· Rammers
· Compressor/vacuum/fan drives
· Trowel and concrete finishers
· Compact road/street cleaners
· Transport refrigeration units
· Mobile water pumps
· Ground care equipment – rotary and flail mowers, turf cutters and scarifies
· Go-karts
· Woodchippers/stump grinders/milling cutters
[bookmark: _Toc72744661]1.4 Construction and choice of material
Spider or Guide: Spider or guide is works as one of the pressure plates of simple clutch. It is connected to the driving shaft of engine. It is called guide way because it holds the shoe and guide its movement. The first position of shoe in the guide is controlled by the springs the choice.
Drum: Drum act like a pressure plate of a simple clutches. It connects with the driven member and rotate with it. Drum does not directly connect with the guide or shoe.
Shoe: Shoe is a big part of centrifugal clutch. It acts like an engaging member of guide and drum during running condition. When the driving shaft rotate, it makes rotate the shoe which are free to move in guide.
Springs: Springs are a controlling element of this centrifugal clutches. Each shoe requires one spring. The shoe relates to the guide through these springs. It holds the shoe at its initial position until the driving member achieve the required speed at which the centrifugal force can overcome spring force. to change the engaging speed of the clutch, we simply swap the springs with higher indexed springs.
Friction Lining: The outer face of the shoe  connects with drum is equipped with friction lining. These lining play the same role which friction plate play in simple clutch. It is used to transmit torque from driving member to driven member and avoid  contact of shoe through drum which reduce wear and tear of shoe. (“Centrifugal Clutch: Principle, Construction, Working ...”)



[bookmark: _Toc72744662]1.5 Materials 
Organic
[image: ]
Organic facings are made from phenolic resins, friction modifiers like metallic powder and /or metal oxides, and compounded rubber. These facings come in two types:
Molded Facings, which are very affordable but lack strength. 
Woven Facings include, fiberglass yarn woven into the material to increase strength is commonly used in OEM applications.
Ceramic
[image: ]
Ceramic clutch facings are made from a mixture of copper, silicon dioxide, iron, tin bronze, , and graphite. The material is brazed onto a backing plate, and then riveted to the main clutch plate. It's important to know that the ratio of static to dynamic friction is quite high for ceramic clutches. This means that ceramic clutch engagement can be abrupt.
Heavy –Duty organic 
[image: ]
Heavy-duty organic clutch facings are similar to normal organic clutches in terms of engagement smoothness,  with more temperature resistance and durability.
Heavy-duty organic clutch facings feature more metallic content, that boosts heat resistance and reduces fade.
Kevlar 
[image: ]
Kevlar and Twaron are trademarked names for para-aramid fibers that are normally used to make clutch discs. Kevlar and Twaron have two key benefits longevity and smooth engagement.
In terms of longevity, Kevlar and Twaron facings last 2-3 times longer than organic facings, all things being equal. These fibers have a low static-to-dynamic friction coefficient, making them an ideal choice for applications where smooth engagement is essential (such as rock crawling off-road driving ). (“Clutch Friction Materials Explained - Organic, Kevlar ...”)
Feramic 
Feramic material have a high coefficient of friction and a high static-to-dynamic ratio, feramic facing are made from a combination of steel, silicon dioxide, tin bronze, and graphite. Feramic facings can be full across the face or they can be buttons. Most feramic clutch facings are strictly for racing applications where quick lock-up is most important.
A special type of feramic clutch facing known as a carbotic facing  is used in truck applications, offering ceramic-like temperature resistance with smoother engagement.

FERAMALLOY FACINGS
“A newer material, FeramAlloy facings are likely to replace ceramic facings.” (“Clutch Friction Materials Explained - Organic, Kevlar ...”) FeramAlloy offers similar levels of wear and temperature resistance compared to ceramics, but with a much better static to dynamic ratio (and therefore smoother engagement).
FeramAlloy facings also have less "chatter" than ceramic facings.
 One of the first clutch manufacturers to begin offering FeramAlloy facings for use on heavy-duty applications (diesel trucks, commercial trucking, )is  Phoenix Friction.
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The centrifugal clutch, as well as all types of devices and clutches, requires periodic maintenance in order to play its role with the most degree of reliability. The clutch can be constructed with different types of metals, including carbon steel, stainless steel, titanium and other more resistant metals. These gears also need to be lubricated


[bookmark: _Toc72744663]2 Electromagnetic Clutch:
The electromagnetic clutch is made of materials  that are applied in electrical engineering.
Those are as follows:
[image: ]Fig.3
Rotor: Rotor is the part that connects directly to the engine shaft and helps to rotate the engine shaft and the driving shaft continuously.
Winding: Winding is attached behind the Rotor. It does not rotate. Is connected with a high voltage DC supply which is converted into the electromagnet by winding.
Armature: Armature is attached at the front of the rotor, is attached to the hub by bolts or rivets. (“Clutch: Types and How does it work? | Engineering choice”)
Hub: Hub is attached behind the Armature. It is attached with the driven shaft by the bolts and rotates with the shaft.
Friction Plate: Base on the transmission of the power friction plate insertion between rotor and armature. (“Clutch: Definition, Types, Working, Advantages ...”)
Supply Unit: Supply unit consists of a battery, clutch switch, wire, and other components. 

[bookmark: _Toc72744664]2.1 Working Principle of Electromagnetic Clutch:
· High Voltage DC supply is supplied to the Winding from battery or dynamo.
· Winding produces an electromagnetic field that engages the clutch by allures the pressure plate.
· For disengaging, the supply should be disconnected.
· For reliving the switch of the clutch gear lever is made, consequently the clutch is disengaged by changing the gear by driver holds.
· The Clutch is not engaged when the output is low of the battery at the low speed. With  three springs on the pressure plate to engage the clutch at the low speed.
[bookmark: _Toc72744665]2.2 Advantages of Electromagnetic Clutch:
· The operating process is easy.
· The remote direction is used to operate a clutch as it has no requirement of linkage.

[bookmark: _Toc72744666]2.3 Disadvantages of Electromagnetic Clutch:
· High cost.
· As the high temperature is not sustained by any electrical components, there must be a limitation on operating temperature.
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[image: ]Couldn’t generate the chart at step 5 6 and 7 but was able to calculate torque and Fc.
	Coefficient of friction
	Frictional Force
	Torque

	0.35
	38.29
	3.98216

	0.3
	32.82
	3.41328

	0.4
	43.76
	4.55104
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