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[bookmark: _Toc213066323]Introduction
The use of this report is to look at the use of four-wheel drive systems in motorsports across all divisions that allow it. This report will focus on how four-wheel drive systems can allow for a more stable car during cornering and the use of a car over more lose or uneven surfaces, for example the WRC rally 1 car, rally cross, and Dakar rally trucks. The report will also investigate how a 4wd system and become a safety feature in motorsports like rock crawling and how driver confidence could be higher with the use of 4wd. In the conclusion the report will bring light, how a change in regulation for other motorsports series could lead to closer racing and over all improved lap times. 


[bookmark: _Toc213066324]Literature review 
[bookmark: _Toc213066325] Background information 
The 4wd system was first put into use by the Spyker 60 hp in 1904 where it competed in hill climbs winning one in 1906. However it wasn’t until Audi in the 1981 WRC with their championship winning Audi quattro revolution that the 4wd system became a regular sight for motorsports that are raced on lose or uneven surfaces. Since then, Four-wheel drive systems are used in many motorsports division. It is used to combat uneven road surfaces or lose road surfaces. The most notable case for this use is in WRC championship cars where it used to due to the championship taking place on lose gravel and dirt stages often. The four-wheel drive system allows the car to power all 4 wheels this allows for more grip and stability on these uneven stages around the world. It is also used in endurance racing which can take place in large tracks such as Le Mans where the trach surface can differ from corner to corner. Due to these large tracks the condition of the road can often be unpredictable where some corners could be wetter than others and debris could have made its way on to the track in areas more than others. It was also found that a 4wd system could not only improve grip but also improve driver confidence when racing in challenging circuits and uneven driving conditions (Rafael Serralvo Neto et al, 2023). 
[bookmark: _Toc213066326]Improving off road capabilities 
Four-wheel drive is also used in most off-road motorsports such as rock crawling and the Dakar rally. In these motorsport division it is increasingly important to keep the cars stable as they travers uneven and lose terrain. Due to these the terrain driven in these divisions of motorsport it is often that the car will be operated with one or more wheels not in contact with the ground, if a more conventional 2wd system was to be used it would a problem where the car could ground out or the driven wheels to lose contact with the ground. Therefore, having a 4wd system on the car allows for the driver to attack the terrain without the worry of getting stuck or losing progress. The 4wd also has some safety benefits when it comes to rock crawling, crock crawling itself is a slow and methodical sport which requires a very high torque output (Durai, R et al 2015). If instead of the usual 4wd system these cars run and replace it with a rwd configuration the amount of torque produced by these vehicles could flip the car if it beings to lean backwards to much or if the front tiers lose contact with the ground. The 4wd system allows for a balance of torque sent to all 4 corners of the car at the same time, therefore making it safe overall. 
[bookmark: _Toc213066327]How 4wd effect tire wear and over all lap times
Tire wear is caused by the friction of the racing tire slipping along the surface of the racing circuit (Alfonse, Ly et al, 2025). A 4wd system allows for more balanced delivery of torque and power this allows for a more even wear over all the tires. If all tires are wearing at the same rate, then the car would become more predicable for the driver over the stint. Therefore, with a more even tire wear across all four tires the driver could push the car harder with out the worry of spinning out due to low tire wear on the rears or understeering sue to high tire wear in the front. (Rafael Serralvo Neto et al, 2023) found that in testing with the use of a 4wd torque-vectoring system that drivers could be more aggressive with the car and over the entire lap would on average be around 3.5 seconds faster. over a race distance this would be on average a 75s gain for the 4wd system over the 2wd. However, the 4wd car would often reach a higher speed by the ended of the straights, this meant that the 2wd car could break later then the 4wd however the 4wd car also had a higher cornering speed overall. [image: ]
[bookmark: _Toc213574088][bookmark: _Toc213574123]Figure 1 wear on a rolling tire
The overall benefits of 4wd
There are many advantages to 4wd. The car using a 4wd system may be able to control the traction and limit the slip on every tire all at once (Elliot D Owen, 2018). This allows for les tire damage and loss of control of the car which is inefficient. Also, in sense of hybrid systems and electric cars having a motor in each wheel could double the amount of regenerative breaking rather than using the heat displacement of the break disc. While 4wd does have any breaking advantages over 2wd cars as most cars already have 4 breaks at each wheel, the gain is having torque on all 4 wheels reduces instability of the car round the corner making it more predicable around circuit. A large advantage is especially seen when it comes to the fact that 2wd configurations really on set of tires for breaking, cornering grip and acceleration. In a 2wd car this can cause oversteer on a rear-wheel-drive car which create over rotation due to the loss of grip at the rear, on a FWD car this can cause under steer due to a lack grip at the front causing understeer which results in under rotation. A 4wd can have a drive train bias, this allows for only a certain amount of power to be sent to each set of tires. Using this can reduce the front tires load by having a more rear bias. Therefore, reducing the chance of understeer occurring as there is less load on the front tires. This can also be used to reduce the chance of oversteer as the rear tire do not have the full power and torque of the engine to overload them. Although it is still possible to power slide a 4wd car on some corner to gain an advantage over the other systems.

 


[bookmark: _Toc213066328]Discussion 
`looking at the research papers from other authors it is clear to see that, that overall, there is time to be gained when using a 4wd system over a more conventional 2wd. It is shown from simulations that while the 2wd system had a later breaking point for when entering corners the 4wd system allowed for a higher top speed at the end of the straights. This resulted in an earlier breaking point however due to the 4wd system it also allowed the driver to achieve on average a higher cornering speed. The benefit mainly comes form the higher longitudinal accelerations, performing better than the rwd system being on average 4% faster round Barcelona (Pieter de buck, Joaquim martins, 2023). The use of the 4wd system also lends itself to have torque-torque vectoring, this is achieved by putting an electric motor in each hub of the wheel. This allows for each wheel’s torque to directly controlled allowing for a faster cornering speed and more mid corner stability. The 4wd system also shows that when it come to tire load and oversteer and understeer engineers can use the drive train bias not to overload one set of tires at once.


[bookmark: _Toc213066329]Conclusion
In conclusion 4wd system should be more available to use in more motorsports divisions. It could create closer racing and offer more stability. This could make racing more competitive and safer overall in difference to the 2wd systems. However, some motorsports series that aren’t raced on large tracks or uneven surfaces should stick to 2wd as it allows for earlier breaking on corners, which would be beneficial on tighter tracks such as Monaco where top speed and a later break point is often slower than an earlier break point but a lower to speed. A 4wd system could also be detrimental in division that lend them selves to using factory spec cars like the Mazda Miata cup series, it would also be rather not useful in a series like the formula drift championship where breaking grip and overloading the rear tire is essential for the race.
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