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In this report, academic research was conducted on the Centrifugal Clutch and the electromagnetic clutch. Various topics, including types, materials, applications, advantages, and disadvantages, were discussed. A numerical analysis was also conducted on a typical centrifugal clutch to determine the following: diameter of the outer drum, engagement speed of the clutch in RPM, the radial force at 550 RPM acting on the inside wall of the drum, value of torque at 550 RPM, torque values on the driven shaft at varied RPM values, torque values on the driven shaft at varied coefficient of friction values and the angular acceleration at the maximum torque value achieved from the varied friction values.
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[bookmark: _Toc150075682]Introduction
A clutch is a mechanical device that transfers rotary motion from an engine or motor to a gearbox or other moving machinery. The primary function of a clutch is to facilitate the seamless transfer of motion for the acceleration of gears (in motor vehicles) or rotary function in smaller devices in a smooth transition without any irregular movements (Bird & Ross, 2015). A clutch connection can be made through mechanical friction, electromagnetism, hydraulics, pneumatics, or a combination (Childs, 2014).
For this report, the academic research will solely focus on the centrifugal and electromagnetic clutch.
[bookmark: _Toc150075683]Centrifugal Clutch
Centrifugal clutches have been an essential component of internal combustion engines for several applications since the mid-20th century. More than 80% of all engines today incorporate a centrifugal clutch system to enhance efficiency and performance (Engineeringdesigner, 2023).
A centrifugal clutch is a mechanical device that transfers torque between the driving apparatus (e.g., a motor, engine, or another source of rotary movement) and the driven rotary apparatus (BLM, 2023). The clutch automatically transmits torque for a "soft start" without load engagement when used with a combustion engine. Using a clutch between the drive and driven equipment can control the engagement speed of the mechanically driven shaft. The mechanical drive engages when the engine speed reaches or exceeds the centrifugal clutch's set engagement speed. This feature allows the operator to run the engine at idling speed without driving the equipment. This helps the engine reach optimal torque before applying the load (Lancereal, 2019). The centrifugal clutch is generally found on motor-driven equipment such as scooters, go-karts, garden tools and mopeds (Skill-Lync, 2022).
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[bookmark: _Toc149993193][bookmark: _Toc150075119]Figure 1 - Centrifugal clutch with guided shoes (Electricalworkbook, 2023) 
[bookmark: _Toc150075684]Operation.
The centrifugal clutch comprises several weighted shoes lined with friction pads located in a spider. The spider consists of a boss on the main driving shaft with guides for locating the weighted shoes. The shoes are secured against the boss using a spring that applies an inward radial force. As the driving shaft rotates, the weight of the shoe results in a radially outward force known as centrifugal force. This force is determined by the shoe's weight and rotational velocity. The centrifugal force is also low at low speeds, causing the shoes to remain in the same position. As speed rises, the centrifugal force also rises. The weighted shoes float as the centrifugal force equals the spring force. When the driving shaft rotates fast enough, the centrifugal force exceeds the spring force, and the shoes move outward. At a dedicated speed, the shoe's friction lining contacts the drum's inner surface, which is lined, and torque is transmitted. Speed decreases as the load increases: the shoes return to their original position, and the clutch disengages. (Mecholic, 2023).
[bookmark: _Toc150075685]Types
There are many different centrifugal clutch designs; two standard designs are illustrated and detailed on the next page:
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[bookmark: _Toc149993194][bookmark: _Toc150075120]Figure 2 - Pivoting flyweight version (Klaus-Häberlin, 2023)
Due to its design, the pivot version operates at full torque capacity in one direction but reduces torque by 40-55% in the opposite direction, which can be utilised for braking operations. The pins and mounting plate's design increases the clutch's mass, but this trade-off results in a silent, vibration-free design. This type of design also reduces the area of the friction lining in contact with the outer drum.


Basic Dovetail Free-weight Design
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[bookmark: _Toc149993195][bookmark: _Toc150075121]Figure 3 - Basic version with dovetailed flyweights (Klaus-Häberlin, 2023)
For the ‘basic’ version, the centrifugal flyweights are seated in a dovetailed seat machined into the hub. Torque can be transmitted in either rotational direction. The steel linings closely fit around the flyweights and hold the friction material, which is bonded to the circumference; the flyweights are held in place with the help of springs. At the designated speed, the entire surface of the friction lining meets the surrounding drum.
[bookmark: _Toc150075686]Applications.
Centrifugal clutches are common among gearless machines as there is no requirement for a separate clutch mechanism (Industrialfriction, 2023). They are used in the following applications: construction equipment, transport refrigeration equipment, sweepers, mowers, chainsaws, emergency generators, pump-drives, lawn-mowers, fans, kart racing, stump grinders, descenders, hydro and wind-turbines (Amsbeck, 2023).
[bookmark: _Toc150075687]Parts and Material Selection.
[bookmark: _Toc150075688]Shoe/Flyweight.
The shoe is a weighted mass generally fabricated from steel located in the spider guides and held in location by springs. The shoe also has a friction lining (Dizz, 2023).
[bookmark: _Toc150075689]Friction Lining.
The friction lining is generally adhered to the shoe/flyweight; the lining is sometimes applied to the outer drum's inner surface. Materials consist of refined glass fibres, composite fibre metals, and high-grade copper combined with high-temperature resin and anti-wear and friction-resistant agents, resulting in excellent heat dissipation and anti-wear properties (Clutch-fix, 2023). Asbestos was previously used, but safer materials have now superseded this (Frictionmaterials, 2023).
[bookmark: _Toc150075690]Drum.
The drum has two functions: the housing of the clutch internals and its primary function of transferring the rotary force from the shoe's friction lining to the driven shaft. The drum is manufactured using steel for heat dissipation and soundproofing qualities (Adige, 2023).
[bookmark: _Toc150075691]Spider/Guides.
The centrifugal clutch's spider is a cross-shaped hub with guide arms that guide the shoes, which are connected via a spring fixed to the hub. It rotates with the engine's driving shaft. The spider is central to the clutch assembly, connecting the clutch shoes to the engine’s driving shaft (Marinerspointpro, 2023). 
[bookmark: _Toc150075692]Spring.
The spring plays a vital role in the clutch assembly as it controls the clutch shoes, engaging and disengaging them to transfer power from the engine to the driven equipment. The design of the springs is to exert specific force or tension on the clutch shoes, inducing their movement and engagement.
[bookmark: _Toc150075693]Advantages.
Engagement speed – This can be precisely set to suit particular applications (Mecholic, 2023).
Smooth engagement - Centrifugal clutches gradually engage the engine load to reduce the risk of abrupt starting or overloading. Benefits of this include smooth acceleration, minimal stalling, ensuring safer operation and prolonging engine lifespan (BLM, 2023).
Automatic – There is no requirement for manual operation, making the application user-friendly (Marinerspointpro, 2023).
Maintenance – Fewer part numbers and low requirement for adjustment or lubrication (Marinerspointpro, 2023). 
Economic – The clutch cost is lower than other types, with fewer parts (Dizz, 2023).
[bookmark: _Toc150075694]Electromagnetic Clutch.
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[bookmark: _Toc149993196][bookmark: _Toc150075122]Figure 4 - Electromagnetic Clutch - Section View (Shafi, 2023).
In regular clutches a spring is used for disengagement against centrifugal forces, and electromagnetic clutches use electromagnetic force from energised coils to control power and rotary movement. Clutches connect and disconnect using energised coils that electromagnetically attract a pressure plate to compress the friction-lined clutch against the driven shaft flywheel; when the energised coil is disengaged, rotary movement in the driven shaft is still present (Shafi, 2023).
[bookmark: _Toc150075695]Manufacturing Automation.
Automation processes in the manufacturing industry have significantly enhanced their power transmission capabilities by utilising electromagnetic clutches. Instead of relying on manual operations using traditional mechanical clutches, electromagnetic clutches allow for the automation of processes, resulting in higher productivity and faster operation on production lines (Eide, 2023). Their versatility, durability, and precise control make them valuable in various manufacturing applications (Eide, 2023).
[bookmark: _Toc150075696]Applications.
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[bookmark: _Toc149993197][bookmark: _Toc150075123]Figure 5 - Conveyor Automation (Pulley, 2023)
Electromagnetic clutches are ideal for remote applications as they do not need mechanical linkage to actuate the clutch. They are used in factory automation, conveyor drives (figure 5), copier machines and printing equipment. In a motor vehicle, the clutch pedal is replaced with a push button. A smaller electromagnetic clutch can be used to drive the compressor of the air conditioning system (CRBtech, 2017).
[bookmark: _Toc150075697]Disadvantages.
Electromagnetic clutches do have some limitations:
Cost – Initial costs can be higher than the conventional clutch (Mecholic, 2023).
Operating temperature - The operating temperature of the electromagnet is limited due to the insulation being prone to damage at high temperatures (MechanicalFunda, 2023).
Overheating – Due to energy dissipation, heat is generated in the electromagnetic actuator every time the clutch is engaged, which poses a risk of overheating (Kalyani, 2021).

[bookmark: _Toc150075698]Task B
[bookmark: _Toc150075699]Numerical Analysis of Centrifugal Clutch.
A numerical analysis of a typical centrifugal clutch was required; the analysis included the following requirements to be discovered:
[bookmark: _Toc150075700]Diameter of Outer Drum.
Known Quantities:
Centre of mass of shoe = 95mm (Note! Centre of mass of shoe assumed to be at shoe extremity)
Shoe extremity to inner drum clearance in resting position = 9mm
Outer drum wall thickness = 4mm
Using these known quantities enabled the calculation of the inner and outer radius of the drum. The sum of the centre of mass, internal drum shoe clearance and the outer drum wall thickness were used to obtain figures of 104mm for the inner radius and 108mm for the outer radius:
95 + 9 = 104mm (Inner radius)
104 + 4 = 108mm (Outer radius)
To obtain the outer diameter of the drum, the outer radius figure was multiplied by two to reach a figure of 216m.
108 x 2 = 216mm (Outside diameter of drum)
From these calculations, the inner radius of the drum was also calculated and used further in the analysis.
[bookmark: _Toc150075701]Engagement Speed in RPM.
Known Quantities:
Number of shoes = 4
linear mechanical spring stiffness (denoted as ‘k’) = 7.5 kN/m
Shoe with friction lining mass (denoted as ‘m’) = 275g
Shoe displacement requirement (denoted as ‘’) = 9mm
The inner radius of drum (denoted as ‘r’) = 104mm
First, the force required to engage the spring in the displacement direction was calculated using the formula:  


The centrifugal force formula was transposed to make the subject; this determined the speed required to engage the clutch shoes with the inner radius of the drum.


rad/s
To convert the rad/s to RPM, the answer was multiplied by 


[bookmark: _Toc150075702]The Radial Force at 550 RPM
The centrifugal force formula was used to calculate the radial force acting on the clutch face at 550 RPM.
First, the RPM value was converted back to SI units (rad/s)
 rad/s


Consideration was taken for the spring force (Denoted ‘’) acting against the centrifugal force. Using 
 the result was the force of one shoe acting on the inner radius of the drum.


To calculate the total radial force, this figure was multiplied by the number of shoes (4)


[bookmark: _Toc150075703]Value of Torque at 550 RPM.
Known values:
The radial force of 4 number shoes (denoted ‘F’) = 109.5N
Inner radius of the drum (denoted ‘r’) = 104mm
Shoe lining coefficient of friction (denoted ‘’) = 0.35
To calculate the value of torque on the inner radius, the formula for Torque   was used.


Consideration was taken for the friction of the shoes against the inner material of the drum by multiplying the previous torque figure by the material coefficient of friction (denoted ‘.




[bookmark: _Toc150075704]Transmitted Torque at The Driven Shaft.
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[bookmark: _Toc149993198][bookmark: _Toc150075124]Figure 6 - RPM to transmitted torque table of figures.
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[bookmark: _Toc149993199][bookmark: _Toc150075125]Figure 7 - Transmitted torque at driven shaft graph.
Using the figures for RPM ranging from 450 to 700 in increments of 25 and a coefficient of friction value of 0.35 (denoted ‘’), a line graph was plotted using Microsoft Excel. Through this visualisation, we can see that at 450 RPM, the shoe has not yet engaged the clutch, thus, zero torque is transmitted. The engagement is apparent between 450 and 475, clarified in the numerical analysis at 463.914 RPM. From this point there is a steady increase in torque as the RPM increases.


[bookmark: _Toc150075705]Friction Values 0.3, 0.35 and 0.4 Comparison.
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[bookmark: _Toc149993200][bookmark: _Toc150075126]Figure 8 – Comparison of Varied Coefficient of Friction Values.
From the comparison chart (Figure 8), it is apparent that when the friction coefficient was raised, the output torque increased. Therefore, using a material with a higher coefficient of friction on the shoe lining and the inner drum lining results in a more efficient clutch.


[bookmark: _Toc150075706]Angular Acceleration.
Known quantities:
Mass = 
Radius = 
Max Torque = 18.124 Nm
To calculate the angular acceleration, the formula   was used. However, to use this formula, the moment of inertia (denoted ‘ needed to be determined.  The moment of inertia was calculated using the formula .


The formula for torque was then transposed to make  the subject 
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