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Scenario 1:

You are a maintenance engineer working with a small motorsport team. The team have been racing with hot hatches and have recently purchased an open-wheel race car. The chief engineer is deciding whether to use a motorsport paddle clutch or a multiplate clutch in either car.

A)
Label and describe the principal components on figures 1, System A and 2, System B, located in Appendix 1. How is does the mechanism affect the actuation of A and B.

In figures 1, System A located in Appendix 1. It is a mechanical clutch system. 

Therefore number 1 is the clutch pedal which is responsible for engaging and disengaging the clutch 

Number 2 is the clutch cable which connects the clutch pedal to the clutch assembly. So, when the clutch pedal is pressed. The cable will move the clutch fork (number 4) which will disengage the clutch as the pressure plate (number 3) will no longer be putting pressure on the friction disc. Then there is also pivot point (A) for the clutch fork to operate. 

In figure 2, System B located in Appendix 1. It is a hydraulic clutch system this means number 1 is the clutch pedal which is responsible for engaging and disengaging the cutch. 

Number 2 is the hydraulic reservoir. This is where the fluid is stored. The fluid type will be the same as used in a clutch reservoir. 

Number 3 is the master cylinder which will convert the pressure from the clutch pedal to hydraulic pressure (Wikipedia, 2024).

Number 4 is the hydraulic lines which is responsible for transporting the hydraulic fluid 

Number 5 is the pressure plate which engage and disengage the clutch from the transmission 

Number 6 is the release cylinder which is where the fluid from the hydraulic lines flows to. This will cause the clutch release fork (figure 7) and release bearings to compress the diaphragm spring which cause the pressure plate to move away from the friction disc (Engineering, 2017). This will disengage the clutch from the transmission 

Then there is R which is the return spring which will help apply the pressure to engage the flywheel and clutch plate via the release bearing. It will also disengage the flywheel and clutch plate to stop drive vi. 


B) To help the engineer decide, explain the operation of one of the types of clutch choices. (Multiplate and Motorsport Paddle Clutch)

There are two types of clutches that could be used in the open wheel race car which is a Multiplate clutch or a Motorsport Paddle Clutch. 

The Multiplate clutch operation involves the key components of the flywheel, clutch plates, pressure plate and a spring and lever action mechanism (mechstuff.com, 2025). 

Flywheel as shown in figure 1 is bolted to the crankshaft which will allow for a smoother running of the gearbox and will have even power delivery. This is due to the inertia of the flywheel which allows for torque consistently through the intake, compression, power and exhaust stages of the engine (Fenske, 2012). 

Clutch Plates will have a splined inner hub to allow it to mesh with the input shaft as shown in figure 2. They will also have a frictional material as shown in figure 2, which is why they are sometimes known as friction plates, to allow drive to be smooth when the clutch is engaged. The clutch plates will also have cushioning springs to allow for the force of the pressure plate pushing the clutch plates onto the flywheel wheel to be cushioned. The clutch plates will also contain torsional (damping) springs to allow the torsional load when the clutch is moving to be reduced. This allows for there to be no juddering effect when the drive occurs. 

Pressure Plate allows for the clutch plate to pushed against the flywheel which will allow the input shaft to rotate but it also has the job of disengaging the drive a shown in figure 2. This is done by the diaphragm spring or coil spring located in the pressure plate as shown in figure 3. This means that when the clutch fork presses on the diagram spring it will press inwards onto the clutch disc to move the pressure plate away from the clutch disc. This will disengage the drive. 

Spring and lever action mechanism

The operation of the Multiplate clutch can be shown through figure 4 and 5. 

The figure 4 shows how when the clutch is disengaged there is no drive going to the transmission so the car will not move as there is no contact between the pressure plates and clutch plates. 

The figure 5 shows how the clutch is engaged so there is contact between the pressure plates and clutch plates. This will allow for there to be drive as the input shaft will be rotating. 

However, there will be slightly different in operation if the multiplate clutch is wet or dry. As if it is a wet clutch it will be need to be in oil which allows for the clutch to operate at higher temperatures but it will have less frictional coefficient when compared to dry. This means dry clutches can have more torque, less plates or have smaller plates (Fensk, 2011)

Meanwhile a motorsport paddle clutch will be electronically and hydraulically controlled which can allow for quicker shifts as it isn’t mechanically controlled. 


[image: ]Figure 1 – Flywheel - (Sabhadiya, 2025)
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Figure 2 -  Multiplate Clutch Diagram - (ecourseonline, 2014)
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Figure 5 - Clutch Disengaged Diagram - (mechstuff.com, 2025)

Figure 3  Clutch Pressure Plate - (DeLorean Go , 2025)

Figure 4 - – Clutch Disengaged Diagram - (mechstuff.com, 2025)


C) Compare the two types of clutches
Include the principal components and the operating principles. 


When comparing the multiplate and single friction disc clutch systems it is best to compare them in regards to principal components and the operating principles. 


Principal Components


	Multiplate Clutch 
	Single friction disc clutch systems

	Flywheel as shown in figure 1 will be bolted to the crankshaft to allow for smooth running of the gearbox. It will also have even power delivery due to inertia of the flywheel which allows for torque consistently through the intake, compression, power and exhaust stages of the engine (Fenske, 2012).
	Flywheel as shown in figure 1 will be just like the flywheel multiplate clutch which will have smooth running due to being bolted to the crankshaft. Then due to torque consistently through the intake, compression, power and exhaust stages of the engine (Fenske, 2012) there is even power delivery due to inertia of the flywheel. This is also shown in the figure 6. 

	Clutch Plates will have a splined inner hub to allow it to mesh with the input shaft as shown in figure 2. It will also have a frictional material as shown in figure 2, which is why they are sometimes known as friction plates, to allow drive to be smooth when the clutch is engaged. There will also be torsional (damping) springs to allow the torsional load when the clutch is moving to be reduced. This allows for there to be no juddering effect when the drive occurs. Finally, there will also be cushioning springs to allow for the force of the pressure plate pushing the clutch plates onto the flywheel wheel to be reduced.

	Clutch Plate as shown in figure will be the same on multiplate clutch but with the main difference being it is only one clutch plate. However, some designs to so it really depends on the design 6.




	Pressure Plate job is to push the clutch plate against the flywheel when the clutch is engaged to allow the input shaft to rotate. It also has the job of disengaging the clutch. . This is done by the diaphragm spring or coil spring located in the pressure plate as shown in figure 3. So when the clutch fork presses on the diagram spring it will press inwards onto the clutch disc to move the pressure plate away from the clutch disc. This will disengage the drive. 


	Pressure Plate will be mostly the same but will weigh less and is optimised for speed. So, the spring design will be more streamlined like the diaphragm 7. 

	Clutch Fork or Spring system is used for the engaging and disengaging of clutch normally it is just the clutch fork which will do the job and then sometimes in order to keep the plates engaged when engaging the clutch sometimes a spring is used to provide a clamping force. Instead of spring it can also be a release bearing to engage and disengage the clutch when pressed by the clutch fork 

	Actuation system replaces the clutch fork system as the actuation system which is either hydraulic or electro-hydraulic allows for a faster system in engaging and disengaging the clutch. This is displayed in the figure 6.

	Splined Shaft is used to allow for the transmission of torque from the flywheel to the clutch plate to be efficient while also accommodating the any slight axial movement (Multidimensions, 2023)

	Splined shaft is used for exactly the same reasons for a multiplate clutch 

	Torque limitations aren’t as bad as a single due to there being multiple clutch plates which allows for there to be less slipping
	Torque limitations of single are worse due to their only being one clutch plates. This can be due to wear  (RAC, 2025) 

	Power transmission is done by multiple clutch plates to transmit power from the engine to the transmission (HDFC ERGO, 2025)
	Power transmission is done by one clutch plate  






Operating Principles


	Operating Principles
	Multiplate Clutch
	Hydraulic clutch systems

	Engaged State
	When engaged the pressure plate is pushing against the clutch plate to force it against the flywheel to allow the input shaft to rotate. 
	The hydraulic actuator will ensure the pressure plate is forcing the clutch disc against the flywheel to allow the input shaft to rotate as shown in figure 6

	Disengaged State
	When the disengaging the clutch the clutch fork will push on diaphragm spring or coil spring located in the pressure plate as shown in figure 3. This means that when the clutch fork presses on the diagram spring it will press inwards onto the clutch disc to move the pressure plate away from the clutch disc. This will disengage the drive. 

	When disengaging the clutch, the actuator will release the pressure plate which will allow the clutch plate to move off the flywheel. This will disengage the drive as shown in figure 6. 

	Wet/Dry
	The multiplate clutch can come in two designs which is either wet or dry
	The hydraulic system is normally a wet system  





[image: ]Figure 6 – Hydraulic clutch system actuation system overview- (x-engineer, 2025)
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Figure 7 – Clutch in a Hydraulic clutch - (x-engineer, 2025)

D) Regarding Scenario 1, select the type of clutch, either Multi-plate or Motorsport Paddle Clutch, for either the Hot-Hatch or the Open-Wheel Race car.  

For the Hot-Hatch I would recommend the Multi-Plate while for the Open-Wheel Race car I would recommend the Motorsport Paddle Clutch. 

I recommend the Multi-Plate for the Hot-Hatch due to the engagement and disengagement of the clutch, common faults and Efficiency in relation to their performance. 

The engagement of the multi-plate clutch has a pressure plate that is pushing against the clutch plate to force it against the flywheel to allow the input shaft to rotate. While the disengagement is done by a clutch fork which will push on diaphragm spring or coil spring located in the pressure plate as shown in figure 3. This means that when the clutch fork presses on the diagram spring it will press inwards onto the clutch disc to move the pressure plate away from the clutch disc. This will disengage the drive. This Engagement and disengagement process are key for the hot-hatch due the smooth but relatively fast gear changes. 

However, the multi-plate doesn’t come without some problems as one problem can be increased wear due to additional friction surfaces, synchronisation issues during gear changes, overheating when used during limited slip differential and clutch slip caused by a worn clutch plate. This shows the potential issues that may occur with putting the multi-plate in the hot-hatch. 

Then in terms of efficiency in relation to performance the multi-clutch allows for the best ratio for this when compared to Motorsport Paddle Clutch because it allows for a high transfer of torque and works well with the usual hot-hatch racing difference between 30 minutes to 2 hours in terms of performance and reliability needed. 

For the open wheel engagement of the Motorsport Paddle Clutch it has the hydraulic actuator will ensure the pressure plate is forcing the clutch disc against the flywheel to allow the input shaft to rotate. Then when in disengaging the clutch, the actuator will release the pressure plate which will allow the clutch plate to move off the flywheel. This will disengage the drive.

However, the Motorsport Paddle Clutch doesn’t come without its own faults like hydraulic leaking as the actuator has failed, ceramic plates failing as they can degrade quite easily and overheating as they are normally dry clutches. This is because it is made out of a mixture of copper, iron, tin bronze, graphite and silicon dioxide. However, this does it allow to work up to 1000°F which makes it perfect for racing (Phoenix Friction, 2025). While multi-plate clutch plates will around 500°F 700°F as it can be made out of organic friction material (Phoenix Friction, 2025).  

Then in terms of efficiency in relation to performance the efficiency and performance is very goof due to the lightness of the carminic plates and the rapid shifts from the actuator. The ceramic plates also allow for a better clamping force as they have  a smaller friction area due to having individual friction pads which allows them to be more resistant to slipping. However, this design can make it more difficult to start smoothly from the car stopping  


Include:
Engagement and disengagement 
Common faults
Efficiency in relation to their performance
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Figure 9, System B
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Using scenario 2, write a report on the following;

A) To help the team principal, describe how a planetary gearset works and its key components using Figure 3, Planetary Gearbox Diagram, located in Appendix 2.

The planetary gear is a type of an epicyclic gear system which is made up of spur gears (RegalRexnord, 2025)In the planetary gears there is the sun gear (4) which will be the input for the rest of the gears. Then there are the planet gears (2) which rotate around the sun gear inside of the planetary gearbox (RegalRexnord, 2025). The planet gears are on a carrier called the planet carrier (3).  Then finally the planet gears are meshed with the ring gear (4) which allows for the internal spur gear design (RegalRexnord, 2025). Then to allow gear changes the input and output gears could change like the sun gear could be the input gear with the output gear being the ring gear or there is the design where the ring gear is fixed which will make the planet gears and planet carrier the output gear (Engineer’s Guide, 2019). 

B) [bookmark: OLE_LINK3][bookmark: OLE_LINK4]Compare the operating principles of the manual constant-mesh transmission and planetary gearbox. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]The manual constant-mesh transmission system is a system that works by keeping all gears constantly engaged with the shaft which allows for smooth gear changes. The system of a manual constant-mesh transmission system can be shown through figure. In the figure 10 and 11 it shows how the operating principles occur due to the clutch, flywheel, clutch plate, pressure plate, release bearing, clutch fork, input shaft, counter shaft (layshaft), output shaft, reverse gear, synchro-hub, synchroniser rings, selector forks and propshaft. 

The clutch will disengage and engage the drive of the vehicle as it can stop the connection from the engine to the input shaft. Then there is the flywheel which is bolted onto the crankshaft to allow for even power delivery (Fenske, 2012). Then there is the clutch plate which will have frictional material to allow for smooth drive (howacarworks, 2024) when the clutch is engaged. Then there is the pressure plate which will push the clutch plate against the flywheel to allow the input shaft to move but it also has the job of disengaging this drive to allow the gear to change as shown in figure 10. This disengagement of the drive is done by a diaphragm spring or coil spring in it that is located inside the pressure plate spring as shown in figure 3. There is also the release bearing which will disengaging the diaphragm springs on the pressure plate this will cause the clutch to disengage with the flywheel as shown in figure 10 and 12. This is done by the clutch fork. The clutch fork as shown in figure 10 and 13 is what presses the release bearing to move the pressure plate of the clutch plate. 


[bookmark: OLE_LINK11][bookmark: OLE_LINK12]Then there is the input shaft is the shaft that comes from the engine with a gear on the end which allows for connection the layshaft as shown in figure 11. This means when the input shaft spins the layshaft will spin. The layshaft is the bottom shaft as shown in figure 11. The gears on the layshaft will be locked so when the layshaft spins so will the gears. That layshaft will have smaller and bigger gears as shown in figure 11. The smaller and bigger gears will increase the amount the torque increases by depending on big or small these gears are. These gears will then be connected to the gears on the output shaft as shown in figure 11. The output shaft is the shaft that spins the propshaft but spins the propshaft at different rates depending on what gear the output shaft is in. This is due to none of the gears on the output shaft are locked to the output shaft as shown in figure 11. This is why synchro-hubs are used as synchro-hubs are locked to the output shaft as shown in figure 11. As the synchro-hubs lock/fix onto the gear left or right because the rings are splined and the gears are splined as shown in figure 11. This will allow the output shaft to spin at the speed of the gear selected because the synchro-hubs fitted into the gear chosen by the driver via the selector forks as shown in figure 14. There is also a synchro rings which will help with this process as the synchro rings will be on either side of the synchro-hubs to help with synchronising. So, when the gear has been chosen by the driver the selector forks will select the synchro-hub relative to the gear chosen and will move the synchro-hub left or right depending on the gear chosen. This will then then cause the synchro-hub that are splined to mesh together with the gear chosen that will also be splined. Then the synchronizer rings will help the meshing occur by speed matching. This will cause the output shaft to spin because the synchro-hub are locked to the output shaft. Then there is the reverse gear as shown in figure 11. This is the gear that allows the vehicle to reverse because gear used is an idler on its own shaft that goes between the output gear and layshaft gear. This causes the output shaft to rotate in the opposite way (Jayaraman, 1999). Then when the driver does not want reverse the shaft will move backwards. This means that the idler gear will move out of the gap. Then finally there is the propshaft what transmits to the drive from output shaft to pinion gear in the differential. 

This shows the operating principles of manual constant-mesh transmission system. 

While the planetary gearbox operating principles will use a planetary gearset also known as epicyclic gear system.  Planetary gearbox will change its gear ratios through the sun, planet and ring gears .The power flow will also be different in the operating principles between the two as it is from the engine to input shaft to layshaft to output shaft for the manual constant-mesh transmission system. While the power will flow through the sun gear, planet gears and ring gears for the planetary gearbox as shown in figure 13. The changing of gears in the planetary gearbox can also be shown in figure 13. This shows how the changing of gears revolves around the sun, plant and ring gears in how they are locked and unlocked to allow for different gears. Then finally planetary operating principles in regards to reverse gear will be changing the engagement of the components as shown in figure while it is the idler gear for the manual constant-mesh transmission system. 

This displays the operating principles for the planetary gearbox but also how it is different to the manual constant-mesh transmission system. This difference is mainly due to the where the transmission systems are used as the manual constant-mesh transmission system can be found in cars, trucks and motorbikes while the planetary gearbox is normally made for automatic transmissions or hybrid transmissions. 


[image: ][image: /var/folders/wh/5ltmjjy96hbg2jf6y1g9f1240000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/Selector-Fork-LT76.png][image: Dorman HELP! 14550 Clutch Fork : Amazon.co.uk: Automotive][image: What is a clutch release bearing? - Knowledge - TAIZHOU SHUANGYI AUTO PARTS  CO.,LTD]
Figure 14 – Selector forks - (Syncro Gearboxes, 2025)
Figure 10 – My drawing on Clutch 
Figure 13 – clutch forks - (Dorman, 2025)
Figure 12 – – Clutch structure diagram - (SY-Parts, 2021) 


[image: ]Figure 11 – constant-mesh transmission geabox 
Synchro-hub with synchroniser rings  
Block rung and synchroniser cone 
Countershaft(layshaft)
Output Shaft 
Selector Forks 
Input shaft


[image: ]
Figure 16 – Planetary gearbox 2d diagram - (Sabin Civil Engineering, 2016)







C) The Chief Engineer has asked you to explain the advantages and disadvantages of adding more gears to a gearbox. 


	Advantages and Disadvantages of adding more gears to a gearbox 

	Advantages
	Disadvantages

	Better efficiency as when the car is accelerating it has more flexibility in finding the ideal gear in regards to the speed of the car (Engineering Explained, 2024).   

	The gearbox will be more complicated with more gears. This can increase the chance of failure as there is more moving parts (Engineering UPdates, 2023). 

	Higher top speeds because more gears allow to stay in the optimal power range for longer and will reduce the impact of strain by having less gears when at high speeds (Engineering Explained, 2024).   
	More weight due to more gears.

	Better power delivery as the additional gears allow for the engine to be in ideal torque range. 
	Higher costs due to the extra gears. 

	Allows for more micro adjustments in the gear ratios which helps for better efficiency, top speeds and power delivery 
	Process of changing gear ratios is slightly more complicated due to more gears




1
2
3
4
Figure 17, Planetary Geabox Diagram
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A plate clutch consists of 1 pair of contacting surfaces. The inner and outer diameter of the friction disk is 100mm and 200mm respectively. The coefficient of friction is 0.25 and permissible intensity of pressure is 1.5N/mm². Assuming uniform wear theory, calculate the operating force in the clutch.
Answer



 N/
D = outer diameter (mm)
d = inner diameter (mm) 

Total Operating Force = 
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In the diagram below we can see the main components of a hydraulic clutch actuation system.

Image: Clutch components with actuation system
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Depending on the type of actuation of the diaphragm spring, clutches are classified in:

= push-type clutches
= pull-type clutches

Pull-type clutch cover Push-type clutch cover

Image: Push-type and pull-type clutch
Credit: ZF Sachs
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Figure 121-5 A hydraulic clutch linkage uses a master cylinder and a slave cylinder.
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