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Regarding the Scenario. Use the diagram provided in Appendix 1 of the Front-engine, Rear-Wheel Drive system and:

a.) Label each component in the system. 

1. Engine
2. Clutch/torque convertor
3. Transmission
4. Propshaft
5. Universal Joint
6. Differential
7. Tripod Joint
8. Driveshaft
9. Rzeppa Joint  

b.) Describe the functions of; 4, 5, 6, 7, 8, and 9. 

The propshaft transmits power from the engines to the wheels by connecting the gearbox to the differential via universal joints. 

The universal joint function is to allow the transmission of torque between the driveshaft and differential though a bendable rotation axis (BERG, 2024)

The differential function is to allow the wheels on the drive axle to rotate at different speeds (Shop Talk, 2025)

The tripod joint function is to allows suspension travel by axial movement (Timmer, 2024)

The driveshaft function is to transmit the torque (rotational force) from the differential to the wheels (Dreyer, 2023). 

The Rzeppa Joint provides smooth torque transfer (Timmer, 2024) through the outer space and inner space which have grooves for the balls as shown in figure 1 

[image: /var/folders/wh/5ltmjjy96hbg2jf6y1g9f1240000gn/T/com.microsoft.Word/WebArchiveCopyPasteTempFiles/Parts-in-a-Rzeppa-joint-for-motorsport.png]
Figure 1 – Rzeppa joint - (Timmer, 2024)

c.)Explain how this system operates with the viscous type-LSD differential. 

[bookmark: _GoBack]1. Engine
The engine will generate the power which allows for the drivetrain process. It does this by turning the fuel into mechanical energy

2. Clutch/torque convertor
The clutch will engage and disengage the engine from the transmission to allow gear changes to occur in the transmission

3. Transmission
Will adjust the engine torque via gear ratios. It will send this rotation power to the driveshaft which depend on the gear selected

4. Propshaft  
It transmits power from the engines to the wheels by connecting the gearbox to the differential via universal joints. It also has sliding point in the propshaft to allow the propshaft to expand and contract due to suspension movement or load shifts (North West Propshafts, 2013). 

5. Universal Joint (UJ)
Allows for the driveshaft to always transmit power smoothly as the UJ allows the driveshaft to flex because of suspension movement

6. Differential

The differential has pinion gear which will rotate the ring gear and will be connected straight to the transmission output. This means it will supply the torque to the differential (Engineering Explained, 2024). 

The ring gear is then meshed to the pinion gear as shown in figure 2. The ring gear will also have two spider gears attached to it to help with load as shown in figure 2.  

Then there is the viscous coupling which is similar to how multi-plate clutch works (Engineering Explained, 2024). This means there will be alternating friction plates and disc. This results in them rotating separately. The discs will be splined to one of the output shafts but can be both in some scenarios. The plates between the friction discs will rotate with differential housing (Engineering Explained, 2024) This coupling method is done of a viscous fluid (oil) which is why it gets its name (Engineering Explained, 2024). 

The spider gear is able to freely rotate when it needs to as when the car is going in a straight line it won’t rotate on its axis. As it will instead rotate in the direction of the ring gear (Engineering Explained, 2024). This will cause the side gears to rotate at equal speeds.

There is also the drive shaft which will connect with the drive gears so torque can be sent to the wheels (Engineering Explained, 2024). 
[image: ]
Figure 2 – Differential - (Cars.com, 2025)







7. Tripod Joint
The tripod joint as shown in figure 3 will transfer the rotational motion from the differential to the axle shaft. It is also a Constant velocity joint (CV) which allows for no power to be lost when being transferred. This in thanks to the design of the tripod joint which is three rollers in a tripod shape with a spider. So as the suspension moves due to bumps or turns the transfer of power won’t be affected as the tripod head titles and rotates which would normally cause binding or jerking. However due to the rollers and sliding motion the transfer of power won’t be affected (KDD, 2024). This design will also make them very popular in Front Wheel Drive vehicles as the engine is located transversely with the transmission located alongside it (KDD, 2024). This means the driveshafts need to transmit torque to the wheels at varying angles and length which is why the tripod joint is used as it can accommodate this (KDD, 2024). 
[image: Tripod Joint | 3D CAD Model Library | GrabCAD]












Figure 3 - Tripod joint - (Afifi, 2014)





8. Driveshaft 
Will transfer the power to the differential if it is Rear Wheel Drive (RWD) layout like the as shown in figure. While if it is a Front Wheel Drive (FWD) it will directly power from the transmission so there is no need for a propshaft as shown in figure. However, if it was 4WD it will have the same layout as RWD for the rear wheels but will now a transfercase for the front wheels to allow the driveshaft to transfer the power to the front wheels as shown in figure 4. 
[image: ]





Figure 4 - Driveshaft layouts - (alamy, 2017)








9. Rzeppa Joint  
Allows for a smooth torque transfer to the wheels. It is also a CV joint which allows for no power to be lost when being transferred. The Rzeppa joint is able to work due to an inner and outer races which will have six precision steel balls held together by a cage as shown in figure 5. The six balls will be sat in grooves and transfer torque between the inner and outer parts of the joint. This geometry will ensure the balls will bisect the angle of rotation (Timmer, 2024). This will allow the shafts to be up to a 45 degree angle of each other while power can still be transferred. This large angle is why Rzeppa joints are also used on FWD cars.  
[image: Blog tripod vs. Rzeppa joint – KMP ...]
Figure 5 - Rzeppa Joint - (Timmer, 2024)

d.) If one wheel is slipping, how would the differential handle this issue?

So, when the right driven wheel starts to spin on ice for example and the left driven wheel isn’t on ice the right wheel will start to slip (spin) as the throttle is being applied. While the left wheel not on the ice won’t spin.

So as the right wheel on the ice starts to spin the differential housing (viscous coupling) will begin to rotate. This will mean the friction discs connected to the left output shaft will remain stationary or at a lower rate of rotation. 

Now the fluid within the coupling will heat up and rotate with the differential housing. This will cause friction between the fluid and the stationary/slower moving friction discs which will now cause the friction discs to rotate faster.

Now that the rotational speed is closer between the left and right output shaft it will cause the differential to become more like a locked differential. This will cause more torque to be sent to the wheel with more traction. While the torque to the wheel slipping will now be less. 
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Regarding the vehicle in the scenario. 

a.) What components would have to be included to change the current Front engine, RWD system to a Four-Wheel Drive system?

The components needed would be a transfercase, a front differential and axle in the same layout as rear   

b) Provide a diagram of the new layout with labelled components.
Green = Engine 
Yellow = Clutch/Torque Convertor
Blue = Transmission
Red = Transfer Case
Orange = Propshaft
Light Blue = Transfer case 
Pink = Driveshaft



[image: ]

c.) Discuss the advantages and disadvantages of the front engine rear-wheel drive and 4-wheel drive system. 
	Front engine rear-wheel drive
	4-wheel drive system

	System
	Advantages
	Disadvantages
	Advantages
	Disadvantages

	Weight
	Weight distribution (Fenske, Front Engine Cars - FWD vs RWD vs AWD, 2014)

Not as heavy as 4wd due to less components needed  (Fenske, Front Engine Cars - FWD vs RWD vs AWD, 2014)
	Not as much weight over the rear axle so there will be less traction
	Great weight distribution (Pirelli, 2025)
	It is a heavier system then a front engine RWD (Fenske, Front Engine Cars - FWD vs RWD vs AWD, 2014)

	Cost
	Will cost less due to the complexity being less (Fenske, Front Engine Cars - FWD vs RWD vs AWD, 2014)
	N/A
	N/A
	Will be more expensive to run due to maintenance coast (Pirelli, 2025).

More expensive to make so buying the car will cost more (Pirelli, 2025)

	Performance
	Has great lateral grip due to amazing weight distribution (Fenske, Front Engine Cars - FWD vs RWD vs AWD, 2014)
	Will encounter oversteer  (Fenske, Front Engine Cars - FWD vs RWD vs AWD, 2014)

Not as good acceleration despite the good weight transfer  (Fenske, Front Engine Cars - FWD vs RWD vs AWD, 2014)
	Better traction in dangerous situations (Pirelli, 2025)

Good acceleration due to 4wd  (Pirelli, 2025)
	N/A

	Complexity
	Design is not as complicated to 4wd so is easier to maintain (Fenske, Front Engine Cars - FWD vs RWD vs AWD, 2014)
	N/A
	N/A
	Complicated design will result in more  maintenance cost as there are more moving parts
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Regarding the Scenario, the rally team race on Gravel Rallies and tarmac Hill Climb Championships

a.) What layout would be best suited for each race category.

For a gravel rally it would be front engine all wheel drive 

For a tarmac hill climb it would be a front engine rear wheel drive 

b.) What type of differential would be best suited for each application.

For the gravel rally a Limited Slip differential 

For a tarmac hill climb it would be an open differential 


c.) Justify the use of each type of driveline and drivetrain types chosen from (a.) and (b.), in terms of purpose, function and performance.

Gravel Rally

Gravel Rally will be All Wheel Drive (AWD) this will allow the car to grip to the gravel more efficiently. This will also allow the vehicle to maintain high speeds through the corners because of the grip provided by AWD (Paddon, 2024). 
 
The gravel rally will also have viscous LSD which will allow the rally car to have an open diff or closed diff depending on the conditions and driving styles (Paddon, 2024). This is because a fully locked diff will give lots of traction and grip but when it comes to turn in there isn’t any as there isn’t a slip angle from the outer wheel to the inner wheel (Paddon, 2024). Then there is a fully open diff which will be easier to turn as the wheels are able to unlock from each other. This allows for the different rotating speeds of the wheels during cornering (Paddon, 2024). However, when they come back on the power the wheels will spin more easily which is why getting the balance is so important for performance. So, by the rally car having the LSD it allows them to adjust the LSD so the vehicle is best prepared for the conditions and driver by changing the type of fluid used. The viscous LSD can also have its oil changed at the service station every day which will allow reliability to not be an issue. 

This displays how gravel rally car is best suited for the AWD drivetrain which allows grip with the LSD which ensures the power being provided is correct for the conditions and driver.  


Tarmac Hill Climb

The tarmac hill climb will be driven by RWD instead of all wheel drive as the road conditions are tarmac which means it won’t need all wheel drive as the grip conditions will be good. Also, AWD is lighter then and AWD system as it doesn’t have the connections going to the front wheel. This will mean the time to go up the hill will be less due to less weight. 

The tarmac hill climb vehicle will be an open differential system. This will allow the vehicle to people to make the turns better than a locked differential. As the open differential will allow the wheels on the same axle to rotate at different speed (Fenske, Open vs Locked Differential - Explained, 2011). This will result in the vehicle being able to go faster up the tarmac hill climb as a result. 

Therefore, this shows how tarmac hill climb with RWD and an open differential are the best combination because it will maximise the vehicles performance. 
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