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1 Objectives of report

The objectives of this report are to explore and analyse the roles, design, and development of the centrifugal clutch. Subjects such as choice of materials used within a centrifugal clutch assembly, applications and operating conditions of centrifugal clutches are explored. Advantages and disadvantages of centrifugal clutches are to be discussed along with the current application of electromagnetic clutches in modern automation of manufacturing processes. 

2 Introduction to the centrifugal clutch

A centrifugal clutch is named as such due to the way they operate This operation is through a centrifugal force being generated from an engine or motor. This type of clutch design has been traced back to 19th century railway locomotive applications, but designs using the same principles can be found today in small motorbikes, scooters, go-karts, lawn mowers and chainsaws.
By design, a centrifugal clutch uses a centrifugal force to operate. Centrifugal force within the clutch assembly increases as the engine or motor revolutions per minute (RPM) increase. To create this rotational movement, a rotating driving shaft of the clutch is connected to an engine or motor driveshaft. For the clutch to engage the RPM of the motor, and inner clutch assembly, must increase enough for the shoes to overcome the tension force of the springs housed within the clutch assembly (see figure 1, page 3). Once this spring tension has been overcome by centrifugal force, the lining of the friction shoes then splay out and the friction lining of the shoe engages with the friction lining of the clutch plate of the driven shaft, thus enabling drive.  In the event of an RPM decrease, the clutch will disengage so the driven shaft will no longer receive the rotary motion from the driving shaft (Toulas, 2018).

Figure 1 - Centrifugal clutch schematic - https://electricalworkbook.com/centrifugal-clutch/


2.1 Advantages of centrifugal clutches

Centrifugal clutches offer advantages that have contributed to their continued use in the modern world, even in the presence of newer technologies. 
Mechanically centrifugal clutches are reliable, simple to use and easy to maintain. The automatic engagement and disengagement of the clutch is dependent on engine speed. This makes them simple to use and this simplicity offers convenience to the user. 
The automatic engagement and disengagement centrifugal clutches are gradual, resulting in smoother power delivery and can result in reduced wear on components compared to the sudden engagement in traditional manual clutches.
The simple design of centrifugal clutches means that they are more cost effective to produce and manufacture than more complex clutch systems. Not only can they be more cost effective to produce, centrifugal clutches can also enhance vehicle efficiency and fuel economy.

2.2 Disadvantages of centrifugal clutches

One of the main drawbacks of a centrifugal clutch is the lack of precise control over their engagement. As described, they are designed to engage at a specific RPM threshold and as such, these thresholds may not be suitable for applications requiring variable and precise engagement points. Because of this, centrifugal clutches are not suitable to be use in high performance applications such as racing cars or heavy machinery. Centrifugal clutches also have a limited torque capacity and may not be suitable for high-torque applications, such as drilling and lifting equipment, where excess slippage may occur. Loss of power due to friction and slippage is a common occurrence. This slippage results in heat and wear damage to the friction pads and lining of the clutch drum/housing. 

3 Materials used in centrifugal clutches


3.1 Friction pads

Friction pads within a centrifugal clutch undertake the role of creating drive between the driven shaft and the driving shaft. To do this friction material is required on both the friction shoes and the driven shaft. 
When choosing friction material, it is important to understand that slippage within a centrifugal clutch creates heat. This heat is absorbed by the clutch assembly and eventually dissipated to atmosphere. Therefore, a friction material must be chosen that is able to perform whilst hot, and retain optimal friction properties. 
Materials such as asbestos have been used within centrifugal clutches due to its ability to perform whilst hot “but due to the increase of health concerns associated with exposure to asbestos, ceramic has become a popular material to use as an alternative.” . Gray cast iron, cork, Kevlar49, sintered iron, aluminium 6061, steel, pressed asbestos, bronze, and other materials may be used for friction clutch plates. 
Non-asbestos, multi material systems and composites have been used due to their ability to maintain a high and stable coefficient of friction and good wear resistance during operation. Kholil et al (2021) have studied the development of an environmentally friendly clutch pad using wood powder, coconut fibre and green mussel shell composite.

3.2 Drum

The drum is connected to the driven side of the of the centrifugal clutch. Once the shoes have made heavy enough contact with the drum, the torque from the drive shaft is transmitted through the drum and to the transmission system. The drum itself is generally manufactured from steel. Like the shoes, the drum is lined with a friction material.  This material will vary depending on the application, and age of the assembly. Common materials include asbestos, semi-metallic compounds using high steel or iron content and ceramics.  

3.3 Spring

The spring component is utilized to prevent the shoe from moving in an outwards direction and contacting with the inner circumference of the clutch drum. As the RPM increases, the centrifugal force of the shoes will overcome the tension force of the spring, thus allowing the shoes and drum to engage. 
Adjusting the tension of the spring can be used to “adjust the revolutions required for engagement of the clutch as they act against the radial force to retain the arms and as revolutions decrease pull them back to effect disengagement.”.



4 Electromagnetic clutches

4.1 Applications

Electromagnetic clutches are currently widely used in modern automation for manufacturing processes. These clutches play a crucial role in various applications due to their ability to transmit torque efficiently and accurately. According to  “The operating principle of the actuator of the electromagnetic clutch is an electromagnetic effect, but the torque transmission is mechanical”. This differs from a centrifugal clutch which relies on the RPM of its driven shaft for engagement. 



Figure 2 - Electromagnetic Clutch Schematic - https://www.jbj.co.uk/electromagnetic-clutches.html


Because of the accuracy and control of the engagement and disengagement of electromagnetic clutches, they have a wide range of applications in the modern world of automation, some examples of which are below: - 

Industrial Robots - Industrial robots make use of electromagnetic clutches to control the movement and rotation of their joints and arms. Due to the accuracy of engagement and disengagement allows for precise and accurate movements. This makes them suitable for tasks such as welding, painting, and assembly operations.
Material Handling Equipment - Automated material handling systems, including automated guided vehicles (AGVs) and robots use electromagnetic clutches to control the movement of their wheels or arms. This ensures precise positioning and manoeuvrability in manufacturing and warehouse environments.
Conveyor Systems - Electromagnetic clutches are widely employed in factory conveyor systems to control the movement of materials around the plant. As previously mentioned, electromagnetic clutches allow for precise start and stop operations which are essential for efficient material handling in manufacturing plants. 


4.2 Advantages of electromagnetic clutches

According to , A large amount of torque can be transferred from engine to transmission. For electromagnetic powder or particle clutches, this is done without the use of any clutch plates or friction plates. This reduces wear and tear on the transmission and reduces noise, vibration, and harshness often associated with other clutches. Other electromagnetic clutches suffer from wear, but less wear than centrifugal clutches. Electromagnetic clutches are also very light in weight compared to other types of clutch and can be manufactured with high precision. Electromagnetic clutches are able to deliver very precise control and rapid response times resulting in swift engagement and disengagement operations. There is a reduced maintenance requirement for electromagnetic clutches due to the absence of mechanical wear. This can result in an extended life compared to other types of mechanical clutch. 


4.3 Disadvantages of electromagnetic clutches

Electromagnetic are expensive meaning an elevated initial cost as stated by . This high cost is partly due to materials used and the requirement of sophisticated technology to manufacture compared to other types of clutches, hydraulic and centrifugal to name a few. 
Although required less often, maintenance can be time consuming and more expensive due to the complexity of the clutch assembly and cost of replacement parts. This may result in increased maintenance cost and potential for extended downtime.
Electromagnetic clutches by principle are contingent on a consistent electrical power source. Any power failure or electrical issues can render the clutch ineffective, potentially disrupting critical operations of machinery or plant equipment.

5 Task B


Figure 3 – Centrifucal clutch schematic - https://mechdiploma.com/draw-constructional-details-diagram-centrifugal-clutch-explain-its-working-principle

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.

5.1 Question 1)
What is the outer diameter of the drum?

Known information: - 
The centre of mass of each of the shoes is at a radius of 95 mm from the shaft centres in the rest position
Between the shoes and the inner drum there is a gap of 9mm
The outer drum has a wall thickness of 4 mm

Diameter can be derived from the radius of the outer drum multiplied by 2. Therefore, 
Outer radius = 95mm + 9mm + 4mm = 108mm
Outer diameter = 108mm x 2 = 216mm 

5.2 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.

Known information: - 
Springs have a stiffness value of 7.5 kN/m (converted to SI units = 7500 N)
Distance to engagement is 9mm (converted to SI Units = 0.009m)

Using the Hooke’s law formula  

F = 7500 x 0.009 = 

The value of negative 67.5N is the tension force of the spring that is present at 9mm of extension. A force equivalent to this must be exerted by centrifugal force for the shoes to contact the drum. To calculate the speed at which this centrifugal force is generated, the centripetal force formula of  can be used. 
Force (F) 	= - 67.5N
Mass (m) 	= 0.275 kg 
Radius (r) 	= 0.104 m
When rearranging the above formula for angular velocity you get the following: - 

  

 





or 463.914 rpm
 


5.3 Question 3)
Calculate the radial force acting on the clutch face when the driving shaft is rotating at a speed of 550 RPM.
The formula  can again be used to determine the centrifugal, or radial force acting upon the clutch face. 
Known information: - 
Mass (m) of single clutch shoe = 275g
Angular velocity () = 550rpm
Radius of drum (r) = 104mm

Converted to Si units: - 
Mass (m) of single clutch shoe = 0.275kg
Angular velocity () = 57.596 rads/s
Radius of drum (r) = 0.104m



As there is a spring with a force of -67.5N at this radius, the value of -67.5N is required to be subtracted from the above result for . Thus  94.875N – 67.5N which is equal to 27.375N.
As there are 4 shoes acting upon the clutch drum surface the value of 27.375 needs t be multiplied by 4. Therefore, 
 
 


5.4 Question 4)
At the driving shaft speed of 550 RPM, what will be the value of torque transmitted to the driven shaft?
To calculate torque (t), the formula 
Known information: -
Force () = 109.5N
External radius () = 0.104m
Friction Coefficient () = 0.35
 

5.5 Question 5)
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.


Figure 4 – Graph created in MS Excel illustrating the relationship between torque and RPM on the driven shaft of a centrifugal clutch with friction coefficient of µ0.35
5.6 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.


Figure 5 – Graph created using MS Excel illustrating the relationship between RPM and torque on the driven shaft of a centrifugal clutch with shoes having a friction coefficients of µ0.3, µ0.35 and µ0.4 respectively 

Figure 5 above clearly shows how changing the friction coefficient of the shoe friction material affects the torque transmitted from driven shaft to the clutch. A higher friction coefficient essentially means that there is more grip on the shoe friction material and therefore less slippage. This is evident in that at 700 rpm, the clutch using shoes with a higher friction coefficient of µ.0.4 results in a driven shaft torque of around 14.3 N/m, whereas the clutch using shoes with a friction coefficient of µ0.3 results in a driven shaft torque of 10.75 N/m. 
The above graph and calculations used, do not consider any other external factors such as oil or water ingress into the clutch housing or debris that may affect the clutch lining over its lifetime
5.7 Question 7)
For the maximum possible transmitted torque determined from either point 5 or 6 above, and given that the mass of the drum is 750 grams and can be considered as a solid disc, what is the angular acceleration of the drum to achieve the maximum possible torque?
To calculate the angular acceleration to achieve the maximum possible torque of the clutch, the formula 
t is torque, which is known to be 12.54 N/m from previous equations, but I is unknown. To discover I, the below formula can be used. The following formula is used due to the drum being considered a solid disc: - 


 Kg/m²

Now that I is known, angular acceleration ‘α’ can be found using the following formula: -


 rads/s²
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Fig. 1: Centrifugal Clutch




image5.jpeg
Rotor / Fulley Field Coil

fen i l Bearing l





image6.png
Cover lining Shoes

plate BT

Spider \}

e )
Driving Driven
shaft shaft
Spring
RSSO

Centrifugal clutch.




