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[bookmark: _Toc182142731]Abstract
Depending on the driving shaft's rotational speed, a mechanical device called a centrifugal friction clutch connects or disconnects a driving and driven shaft. It is perfect for tiny engines and motorized equipment where automatic engagement without manual control is required since it operates on the centrifugal force concept, in which the clutch engagement or disengagement is determined by the speed of rotation.

Early in the 20th century, this kind of clutch was created mainly for use in tiny engines and machinery. It gained popularity in lawnmowers, go-karts, tiny motorbikes, and even some early car applications. Centrifugal clutches are still useful in low-power applications even if fluid-coupling mechanisms have essentially supplanted them in high-power or high-efficiency applications.


[bookmark: _Toc182142732]Principle of a Centrifugal Friction clutch
The Centrifugal friction clutch consists of the following:
· Weights or clutch shoes are radially positioned, rotating weights that are intended to travel outward as engine speed rises because of centrifugal force.
· The part that the clutch shoes press on when engaged is the clutch drum, which transfers the engine's rotational power to the driving shaft.
· Springs: When the engine slows down, springs are utilized to bring the clutch shoes back to their disengaged position.
· Both the driving and driven shafts are attached to the engine and the component they are powering, respectively.

Centrifugal forces push the clutch shoes outward against the clutch drum as the engine speeds up. The clutch engages when a specific speed threshold is reached because the frictional force produced by the shoes against the drum is enough to move power from the driving shaft to the driven shaft. The clutch is disengaged when the engine slows down because the springs pull the clutch shoes back inward.

Some application of a centrifugal friction clutch would be small engine such as chainsaws, go carts or lawn mower. There is also industrial application in forms of conveyors, pumps, compressors and small generators (AI, 2024)
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The parameters above would be the ideal conditions to implement a centrifugal friction clutch.

  




[bookmark: _Toc182142733]Development
The first useful centrifugal clutches for small, stationary engines were created in the early 20th century. These early prototypes had crude friction surfaces and were rather basic. (GBT, 2024) 1920s–1930s: The centrifugal clutch started to find broader uses as motorcycles and small cars proliferated, especially in internal combustion engines found in motorbikes. (GBT, 2024) Following World War II, centrifugal clutches became more widely used in farm machinery such as go-karts, lawnmowers, and compact tractors. (GBT, 2024)The late 20th century saw the widespread replacement of centrifugal clutches in bigger applications by fluid couplings and more sophisticated automatic transmissions; but, because of their affordability and ease of use, centrifugal clutches continued to be used in smaller machines. (GBT, 2024)
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Centrifugal clutch design depends on a number of engineering and material factors to guarantee long-term, effective functioning. These consist of :

· Because of their strength and resistance to centrifugal forces, clutch shoes are usually composed of steel or aluminum alloys. Materials such as ceramic, carbon composites, or friction linings made to withstand the heat and wear produced during engagement may be used to line the shoes' friction surface.
· Clutch Drum: Typically made of steel or cast iron, these materials are selected for their strength and capacity to withstand heavy friction loads without warping.
· Springs: Constructed from stainless steel or high-tensile steel, these are intended to deliver a steady force to disengage the clutch as the speed drops.
· Lubrication: The clutch may need to be lubricated, but many centrifugal clutch designs function without oil by using dry friction between the shoes and the drum.




[bookmark: _Toc182142735]Advantages of Centrifugal Friction clutches
· Automatic Engagement: This eliminates the need for manual operation, making it perfect for devices like lawnmowers and motorcycles when a human operator needs to concentrate on other duties.
· Simplicity: When compared to more intricate systems like fluid couplings or automatic transmissions, centrifugal clutches are mechanically straightforward and reasonably priced.
· Reliability: Centrifugal clutches are robust and easy to maintain due to their simple functioning and reduced number of moving components.
· Less Engine Wear and Tear: The clutch's progressive engagement lessens the shock load on the engine and gearbox.


[bookmark: _Toc182142736]Electromagnetic clutches
[bookmark: _Toc182142737]The Evolution to Electromagnetic Clutches in Automation
In many industrial and manufacturing applications, centrifugal clutches have been substantially superseded by electromagnetic clutches (EMCs) in modern automation. These clutches work by engaging and disengaging the clutch mechanism using the electromagnetic principle.

The basic idea behind electromagnetic clutches is that they work by using an electrically powered coil of wire to generate a magnetic field that draws two friction surfaces together, activating the clutch. The clutch returns to its disengaged position when the current is cut off because the magnetic field vanishes.

[bookmark: _Toc182142738]Applications in Manufacturing
· Precision Control: Because timing and repeatability are crucial in automation operations, electromagnetic clutches provide incredibly exact and controllable engagement and disengagement.
· High-Speed Operations: They work well with high-speed equipment and can withstand repeated cycling with little damage.
· Load Distribution: By enabling smooth, controlled power transmission in automated assembly lines, robots, and conveyors, EMCs lessen the mechanical stress on component parts. 
· Energy Efficiency: Because electromagnetic clutches can only be engaged when necessary, they assist prevent motor and machine overheating and conserve energy.

Electromagnetic clutches are used in various different applications within Manufacturing such as :

1. Robotics and conveyor systems
· Robot arms: In robotic manufacturing, precise motion control of robot arms is achieved through the use of electromagnetic clutches. Smooth control of the gripping force on items and rapid disengagement when the arm needs to be adjusted are made possible by the clutches.
· Conveyor systems: To accurately start and halt motion in conveyor systems, electromagnetic clutches can be employed. This is essential in assembly lines because product placement and material handling must be coordinated with the machine cycle.
2. CNC (computer numerically controlled) machines
· Tool control: Electromagnetic clutches are frequently employed by CNC machines, which are extensively utilized in machining, to precisely engage and disengage cutting tools. The clutch rapidly disconnects the tool from the motor when it needs to be replaced or disengaged, enabling speedy tool changes without the need for human assistance.
· Spindle control: Electromagnetic clutches can also be employed in some CNC machines to control the engagement of spindles that drive different tools and workpieces, giving precise control over torque and rotating speed.
3. Energy Harvesting machines
· Power generation from wind and hydroelectricity: Systems intended for energy harvesting or power generating occasionally employ electromagnetic clutches. Electromagnetic clutches assist in controlling when turbines engage or disengage from generators based on wind speed or water flow in systems that use intermittent energy sources (such as wind or water turbines) for more effective energy conversion.
4. Machine Tools and Production Lines
· Power tools: To enable automated operation and control over power transfer, electromagnetic clutches are used to engage and disengage the motor from the tool in a variety of automated power tools, including drills, lathes, and grinders.
· Turntables and indexing: Turntables and indexing systems that automatically move parts during assembly processes can be operated by electromagnetic clutches.
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Field coil assembly
  Located in the stationary housing 
  Consists of copper wire windings in a circular pattern 
  Encased in a ferromagnetic housing for magnetic circuit completion 
  Typically wound with insulated copper wire for optimal electromagnetic field generation (AI, 2024)
Armature Assembly
  Mounted on the input shaft 
  Constructed of ferromagnetic material (typically steel) 
  Features a flat friction surface for engagement 
  Designed with specific mass and inertia characteristics 
  May include friction material on contact surfaces  (AI, 2024)
(AI, 2024)
Rotor components
  Connected to output shaft 
  Contains bearing surfaces 
  Includes mounting provisions for connection to driven equipment 
  Typically includes cooling fins or ventilation features (AI, 2024)
Air gap
  Critical dimension between armature and rotor surfaces 
  Typically 0.2mm to 0.5mm when disengaged 
  Determines magnetic circuit efficiency 
  Affects engagement characteristics (AI, 2024)

[bookmark: _Toc182142739]Advantages of Electromagnetic Clutches 
· Speed and Accuracy: In high-speed, high-accuracy automated systems, the ability of electromagnetic clutches to engage and disengage rapidly and precisely is essential.
· Adaptability and Control: They may be integrated into automated systems using programmable logic controllers (PLCs) or other control mechanisms since they can be controlled by electronic signals.
· Minimal Wear: Compared to mechanical clutches, the friction surfaces of EMCs are frequently less prone to wear and tear, necessitating less maintenance.
· High Torque and Power Transmission: In heavy-duty manufacturing applications, electromagnetic clutches' ability to manage larger loads and deliver smoother power transmission is crucial.


[bookmark: _Toc182142740]Conclusion
Over the past century, centrifugal clutches have been widely used in tiny motorized equipment; but, advances in electrical engineering and materials science have made electromagnetic clutches a common feature of contemporary production processes. These clutches provide excellent control, dependability, and energy efficiency in automated, high-speed settings. The move to electromagnetic and fluid-based clutches reflects the continuous development of clutch technology to satisfy the requirements of increasingly complicated and high-performance systems, even though centrifugal clutches are still useful in some specialized applications.
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Part B
1) rdrum​=rshoe​+clearance=95mm+9mm=104mm
diameter of drum=2×rdrum​=2×104mm=208mm
2) The speed at which the shoes start to move outward as a result of the centrifugal force overpowering the spring force is known as the engagement speed. The balance of forces can be used to calculate the shoes' radial displacement at engagement.
The centrifugal force acting on each shoe is given by:
F centrifugal=m⋅r⋅ω2
The force from the spring is:
Fspring=k⋅x
Because we are calculating at engagement I will assume x is 1m
Substitute ω=
0.275⋅0.095⋅=7500⋅x 
Therefore 
=
=
=535.80

=5116.51RPM
3) At 550 RPM, we can calculate the centrifugal force for each shoe.
First, convert the RPM into angular velocity:
ω==57.92 rad/s
Then calculate the centrifugal force for one shoe:
Fcentrifugal=mrω2=0.2750.095=0.275X0.095X3356.2=87.73N  

The total radial force for four shoe is:
Ftotal=4X87.73=350.92 N
4) T=F centrifugal ​X r
Tshoe​=Fcentrifugal​ X r=87.73 X 0.095=8.33Nm
Ttotal​=4⋅8.33=33.32Nm
5) 
[image: ]

7)
T=I X α
α= = 
=
=18094.92 rad/s


8) Tbrake​=Fbrake​⋅rbrake =500 X  =4.375N/m
 ω= = =152380.95 rads/s
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Parameter Typical Range

Speed Range 1000-4000 RPM
Temperature -20°C to 150°C
Engagement Speed 1200-2000 RPM
Maximum Torque Up t0100 N-m
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