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[bookmark: _Toc150127380]TASK 1
[bookmark: _Toc150127381]Introduction
This report delves into the intricacies of centrifugal clutches, exploring their design, working principle, advantages, disadvantages, and applications. This report will give a comprehensive understanding of its pivotal role in the world of mechanical power transmission.
“Centrifugal clutches are integral to the operation of many mechanical devices and systems. By transmitting power between the driving components and the driven components, they enable machines to start and stop operations as needed.”- BLM Centrifugal Solutions.
In simplistic terms, a centrifugal clutch is designed to automatically engage or disengage the drive from the driven load, based on the rotational speed of the engine or driving shaft. As the engine speed increases, the centrifugal force acting on pivotally mounted weights within the clutch causes them to move outward, thereby engaging the clutch and transmitting power. Conversely, as the engine speed decreases, the centrifugal force diminishes, and the clutch disengages. 
[image: vhbw Centrifugal Clutch compatible with Stihl MS 341, MS360 Power Saw -  iron / 65Mn steel, 7.4 cm Diameter, 1.6 cm Thickness, 175 g]Figure 1, Centrifugal Clutch











[bookmark: _Toc150127382]Development of the Centrifugal Clutch 
The centrifugal clutch is a marvel of mechanical engineering that harnesses the principle of centrifugal force, a concept understood by scientists and engineers for centuries. This fundamental force, observable in everyday phenomena where objects move away from their centre of rotation when in motion, provides the basis for the centrifugal clutch's operation. The history of this device is not only a testament to human ingenuity but also to the evolution of technology from its rudimentary origins to the highly sophisticated designs we see today.

[bookmark: _Toc150127383]Origins of Centrifugal Force Application
The use of centrifugal force for practical applications dates to early industrial revolution, which recognized the outward force exerted during circular motion. The first instances of centrifugal force being harnessed in a clutch mechanism came with its incorporation into industrial machinery and locomotives, where managing rotational speed was crucial.

The late 19th century marked a significant milestone with the patenting of the first centrifugal clutch. These early versions were rudimentary, consisting of basic components designed for the machinery of the time, which operated under relatively consistent load conditions and did not require the precision demanded by today's complex systems.

[bookmark: _Toc150127384]Challenges and Refinements
Developers of the early centrifugal clutches encountered significant challenges, particularly concerning material durability. Frequent engagement and disengagement of the clutch demanded materials that could withstand considerable wear and tear. Engineers turned to friction linings made from tough metals and fibrous materials, which offered the necessary resilience.

As the industrial landscape evolved and the centrifugal clutch gained popularity, its applications expanded, necessitating further development. This led to innovations such as pivotally mounted weights and the use of springs to manage engagement forces. These refinements were pivotal in adapting the clutch to a broader range of machinery and operating conditions.

[bookmark: _Toc150127385]Impact of the Automotive Industry
The rise of the automotive industry in the 20th century brought about a surge in demand for components that could facilitate smoother operation, especially at low speeds. Centrifugal clutches were the answer to this demand, finding their place in mopeds, scooters, and small cars. They provided a means for automatic clutch engagement at certain speeds, which was particularly beneficial for less experienced drivers by reducing the likelihood of engine stalls and smoothing out the ride.

[bookmark: _Toc150127386]Technological Advancements
The technological boom, particularly advancements in computational power and material sciences, propelled the centrifugal clutch into a new era of sophistication. Computer simulations enabled engineers to model clutch behaviours under various conditions with unprecedented precision, leading to the introduction of multi-weight systems and adjustable spring tensions. The inclusion of electronic components allowed for more refined control, tailoring clutch engagement to specific requirements and operating environments.

[bookmark: _Toc150127387]Modern Applications
In contemporary times, the applications of centrifugal clutches have diversified immensely. Beyond their continued importance in two-wheeled motor vehicles, these clutches are now integral components in a variety of machines, including chainsaws, go-karts, and certain industrial equipment. The self-regulating nature of the centrifugal clutch, engaging and disengaging with changes in engine speed, has maintained its relevance even amidst the development of more advanced clutch systems.
[bookmark: _Toc150127388]Electromagnetic Clutches and Automation
Parallel to the development of the centrifugal clutch, electromagnetic clutches have carved out a significant niche in the field of automation. These clutches rely on an electromagnetic field to engage the clutch, allowing for precise control without direct physical contact. In the modern landscape of manufacturing, this translates to a heightened ability to control the motion and positioning of machinery components with a level of precision that was previously unattainable.

In conveyor systems, the electromagnetic clutch enables the fine-tuning of belt speeds, accommodating rapid changes in production demands without manual intervention. Packaging machinery benefits from the smooth operation of these clutches, ensuring that products are handled delicately and with consistent pacing. Additionally, robotic arms, which are becoming increasingly prevalent in automated manufacturing processes, rely on the exact control provided by electromagnetic clutches to perform complex tasks.

[bookmark: _Toc150127389]The Future of Clutch Systems in Automation
The evolution of clutch systems is expected to continue in parallel with advancements in automation and manufacturing technology. The integration of smart systems and artificial intelligence promises to further enhance the capabilities of both centrifugal and electromagnetic clutches. With greater predictive maintenance, real-time adjustments, and self-optimizing functions, these clutches will undoubtedly play a critical role in the future of automated manufacturing.

In conclusion, the journey of the centrifugal clutch from its simple beginnings to its present complexity mirrors the trajectory of industrial innovation. As it stands today, the centrifugal clutch, along with its counterpart, the electromagnetic clutch.
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Figure 2-Drawing of Clutch






[bookmark: _Toc150127391]Question 1 – 
What is the diameter of the outer drum? 

Radius from the center of shaft to the assumed center of mass = 95mm
Clearance distance to the inside diameter of the outer drum = 9mm
Drum Wall thickness = 4mm

Radius = 108





[bookmark: _Toc150127392]Question 2 – 
Determine the engagement speed of the centrifugal clutch.  You should provide your answer in RPM (revolutions per minute) and rounded to the nearest whole value of RPM
LIN 0 
Spring Force 



Hooke's Law is a principle of physics that relates to the elasticity of materials. It states that the force (F) needed to extend or compress a spring by some distance (x) is proportional to that distance. This can be seen in the equation above. 
Centripetal Force 








"For every action, there is an equal and opposite reaction." – Newtons 3rd Law.
This means that in every interaction, there is a pair of forces acting on the two interacting objects. The size of the forces on the first object equals the size of the force on the second object. The direction of the force on the first object is opposite to the direction of the force on the second object. Forces always come in pairs—equal and opposite action-reaction force pairs




[bookmark: _Toc150127393]Question 3 -
Calculate the radial force acting on the clutch face when the driving shaft is rotating at a speed of 550 RPM














[bookmark: _Toc150127394]Question 4
At the driving shaft speed of 550 RPM, what will be the value of torque transmitted to the driven shaft? 



We must consider the coefficient of friction acting against the radial force and this has been given as 0.35.







[bookmark: _Toc150127395]Question 5 
Using either MatLab or MS Excel, calculate and plot on a suitable graph the transmitted torque at the driven shaft against driving shaft speed, from 450 RPM to 700 RPM in increments of 25 RPM. 


	Speed RPM
	Transmitted Torque
	Friction Coefficient (µ)

	450
	157.5
	0.35

	475
	166.25
	0.35

	500
	175
	0.35

	525
	183.75
	0.35

	550
	192.5
	0.35

	575
	201.25
	0.35

	600
	210
	0.35

	625
	218.75
	0.35

	650
	227.5
	0.35

	675
	236.25
	0.35

	700
	245
	0.35

	725
	253.75
	0.35

	750
	262.5
	0.35


Figure 3-Table 1





Figure 4- Chart 1

[bookmark: _Toc150127396]Question 6
Undertake the same analysis as in point 5 above but adopt a coefficient of friction of 0.3 and 0.4.  Discuss the effect of changing the coefficient of friction of the shoe material on the torque transmitted when comparing the three values of coefficient of friction.
	Speed RPM
	Transmitted Torque
	Friction Coefficient (µ)

	450
	135
	0.3

	475
	142.5
	0.3

	500
	150
	0.3

	525
	157.5
	0.3

	550
	165
	0.3

	575
	172.5
	0.3

	600
	180
	0.3

	625
	187.5
	0.3

	650
	195
	0.3

	675
	202.5
	0.3

	700
	210
	0.3

	725
	217.5
	0.3

	750
	225
	0.3

	
	
	


Figure 5- Table 2

Figure 6-Chart 2








	Speed RPM
	Transmitted Torque
	Friction Coefficient (µ)

	450
	180
	0.4

	475
	190
	0.4

	500
	200
	0.4

	525
	210
	0.4

	550
	220
	0.4

	575
	230
	0.4

	600
	240
	0.4

	625
	250
	0.4

	650
	260
	0.4

	675
	270
	0.4

	700
	280
	0.4

	725
	290
	0.4

	750
	300
	0.4


Figure 7-Table 3

Figure 8-Chart 3


The coefficient of friction of the shoe material plays a significant role in determining the torque transmitted in your system. Let's discuss the effect of changing the coefficient of friction (μ) on the torque transmitted when comparing three different values of the coefficient of friction (μ = 0.2, μ = 0.3, and μ = 0.4):

Higher Coefficient of Friction (μ = 0.4):

When you have a higher coefficient of friction between the shoe material and the drum, it means that there is more resistance to relative motion between the two surfaces.
This increased friction results in a higher torque being required to overcome this resistance and drive the drum at the same speed.
As a result, the torque transmitted will be higher when μ is increased, assuming all other factors remain constant (e.g., driving shaft speed and drum radius).
Intermediate Coefficient of Friction (μ = 0.35):

With an intermediate coefficient of friction, you'll have a moderate level of resistance to relative motion between the shoe material and the drum.
The torque transmitted will be in between the values you'd get for higher and lower coefficients of friction.
It's important to note that the torque transmitted is directly proportional to the coefficient of friction, so an increase in μ from 0.3 to 0.35 will lead to an increase in transmitted torque.
Lower Coefficient of Friction (μ = 0.3):

When the coefficient of friction is lower, there is less resistance to relative motion between the surfaces.
Consequently, the torque required to drive the drum at a given speed will be lower compared to higher friction coefficients.
Lower friction results in less energy loss due to friction, and therefore, a lower transmitted torque.
In summary, changing the coefficient of friction of the shoe material has a direct impact on the torque transmitted in your system. Increasing the coefficient of friction leads to higher transmitted torque, while decreasing it results in lower transmitted torque. This relationship is essential to consider when designing and optimizing systems involving rotating components, as it influences the power requirements and efficiency of the system.

[bookmark: _Toc150127397]Question 7. 
Unable to complete as someone has deleted half the question
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