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Explain the operating cycles of two types of engines, a 4-stroke petrol (Si) engine and 4-stroke diesel (Ci) engine. 

The operating cycles of a 4-stroke petrol (Si) engine and 4-stroke diesel (Ci) engine is that both have the same operating cycle of induction (suction), compression, expansion (power) and exhaust (Wikipedia, 2024). However, they are different with how each one completes these stages.

The first stage in each cycle is the intake stroke 

The intake stroke of a 4-stroke petrol engine is where the suction happens. This is where intake valve will open to allow air to come in as well as petrol which will come from the fuel injector. This stroke will begin at the top dead centre (T.D.C.) and will end bottom dead centre (B.D.C.) (University of Windsor, 2024). This movement from T.D.C to B.D.C. will also help the air/fuel mixture move into the cylinder as when the piston moves downwards towards B.D.C it will drag the air with it (University of Windsor, 2024). As this is the intake stage the exhaust valve will remain shut during this stage. 

The next stage is compression. This stage will happen just at the end of the suction stage or when the stroke begins B.D.C.  In this stroke the air/fuel mixture will be compressed as the piston moves up to T.D.C. This is done in preparation for the spark to ignite from the spark plug in the next stage. Also, in this stage both valves will be shut (Universal Technical Institute, 2023). 

The next stage is combustion. This is where the compressed air mixture is ignited by the spark plug which will send out a spark. This will happen at T.D.C or just slightly before it. This will then force the piston back to B.D.C. This will cause the crankshaft to rotate which wills send power to the wheels. Also, like the last stage the valves will remain shut during this stage (Universal Technical Institute, 2023). 

The final stage is Exhaust. This is where the piston will return to B.D,C to T.D.C but will have the exhaust valve open which will allow the exhaust gasses to exist via the exhaust. However, the intake valve will remain shit during this stage (Universal Technical Institute, 2023). 

Then it will repeat over and over. 


However, a diesel 4-stroke engine will happen slightly different it will still have the intake where the suction happens (Wikipedia, 2024). This is where intake valve will open to allow air to come. This stroke will begin at the top dead centre (T.D.C.) and will end bottom dead centre (B.D.C.) (Haynes, 2020). This movement from T.D.C to B.D.C. will also help the air move into the cylinder as when the piston moves downwards towards B.D.C it will drag the air with it (Haynes, 2020). 

Then next stage is compression which is where the piston will move from B.D.C. to T.D.C during the stroke (Automotive System, 2014). This movement of the piston from B.D.C. to T.D.C will cause the air to compress. This compression will raise the temperature and pressure of the air (Automotive System, 2014). Then at the end of the compression stroke the fuel injector will injector the fuel into the cylinder which will cause it to mix with the air (Automotive System, 2014).

The next stage is the power stage. In this stage the compression of the air as now made the temperature of the air match the temperature needed to self-ignite diesel (Automotive System, 2014). This will cause a chain reaction which results in the generation of energy. A thrust will be produced that pushes the piston down from T.D.C. to B.D.C. This downward motion will provide energy to drive the wheels. 

The final stroke is the Exhaust stroke. This stroke is where exhaust valve will be opened so the exhaust gasses can exit. The Piston will also move from B.D.C. to T.D.C during this stroke to help push out the exhaust gases (Automotive System, 2014).

The process will then repeat itself. 



Another reason for the difference in the operation cycle between the 4-sroke petrol and the 4-stroke diesel is because of the parts in order to make the operation cycle be completed. 

This is because a 4-stroke petrol engine will use spark plugs because it will contain an air-fuel mixture. The spark plugs will then create a spark in the combustion stage as shown above in order to make the air and fuel mixture to react to create combustion.

However, the 4-stroke diesel engine won’t use spark plugs because it will do it by the heat of compression of the air to create combustion. Then there will be the direct injection of diesel. Then because the air being compressed the temperature will match the temperature needed to self-ignite diesel (Automotive System, 2014). 

The difference between T.D.C. and B.D.C. is that a T.D.C. stroke is where the piston reaches top of it’s stoke. While a B.D.C. stroke is where the piston reaches the bottom of it’s stroke (BINDT, 2024). 
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Using diagrams explain the difference in pressure-volume and performance diagrams between the two engines 

The pressure-volume and performance chart for the diesel engine will have a higher peak pressure and a higher compression ratio compared to the petrol engine 

Pressure-Volume Diagram –  Ideal Diesel cycle 
Pressure-Volume - Diagram – Ideal Otto cycle 
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Figure 1 - Ideal Diesel Cycle diagram - (ScienceFacts, 2024)
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Figure 2 – Ideal Otto Cycle Diagram - (Web.Mit.Edu, 2024)




In the Ideal Otto Cycle shown through figure 1 (5 to 1) is where the intake stroke is occurring (Web.Mit.Edu, 2024). Then (1 to 2) is where the combustion stroke occurs (Web.Mit.Edu, 2024). Then (2 to 3) is where the spark occurs. The (3 to 4) is where the Combustion/power stroke happens. Then (4 to 1) is where the constant volume of heat rejection occurs. Then finally (1 to 5) is where exhaust stroke occurs. This is where the piston pushers out the exhaust gases through the exhaust valve (Web.Mit.Edu, 2024). This type of Otto Cycle will be Adiabatic.  

In the Diesel Cycle shown through figure 2 it displays where each section is occurring in the cycle. Where 0 to 1 is intake stroke, 1 to 2 is compression stroke 2 to 3 to 4 is where the power stroke occurs and then 4 to 1 to 0 is where the exhaust stroke occurs. 

The main difference in pressure-volume diagram is how it shows the Diesel cycle has a higher compression ratio than the Otto Cycle. This can be shown through how  diesel has a flat head on it between 2 to 3 while the Otto cycle doesn’t. This is because the Otto cycle has a spark so the pressure increases from 2 to 3 from that which is why the pressure increase. While the diesel cycle has its pressure at its peak for longer with the volume increasing because it takes a while for the reaction to occur. 
Performance diagram use Audi petrol vs Toyota diesel 

Torque comparison

In the Audi (petrol) shown through figure 3 the torque increases rapidly between 1000 to 1800 rpm going from 180 to 280 N/m. It then stays at 280N/m till 5000 rpm where it decreases at the same rate till 70000 rpm where it stops 82 N/m. While the Toyota (Diesel) shown through figure 4 starts at 258 N/m of torque which will increase slightly to 300 N/m. However then after being at 300N/m between 2000 and 2800 rpm it starts to decrease in torque. It decreases at the same rate until around 4500 rpm. This is where it starts to decrease faster till 5000 rpm. 

This difference in why the torque decreases and increases at different rates is because Variable valve timing (VVT) with spark plugs causing a spark allow for a flatter torque curve. While Diesel engines use fuel injection as well as turbocharges to speed it up. This will cause a higher low end torque. 

Power comparison 

In the Audi (petrol) shown through figure 3 the performance increases which increases at a steady rate between 1000 to 2000 rpm going from 30 HP to 77 HP. Then between 2000 rpm to 5000 rpm it increases at a slower but steady rate to 5000 rpm which reaches the peak of 200 HP. It then stays at 200 HP till 6000 rpm  which is where it drops to 180 HP by 7000 rpm. While in Toyota (diesel) as shown in figure 4it starts at 60 HP at 1000 rpm. It will then increase at the same rate to 120 HP at 3000 rpm. From there it will fluctuate between 3000 rpm to 4000 rpm. Then it will decrease at slower rate to start with but then after 4500 rpm it decreases quite rapidly. This continues until it reaches 5000 rpm with it reaching 60 HP. 

This difference occurs because the petrol method for combustion happens quicker due to the spark plugs which allows it to have a higher peak HP at 200. When compared to Diesel which has max HP of 120. This happens as combustion happens by reaction time which is slow. This results in the max HP (power) being produced to be less than petrol. 

[image: ]
Figure 3 – petrol performance diagram - (x-engineer, 2024)
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Figure 4 – Diesel performance diagram - (x-engineer, 2024)
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Explain the function and construction of a 4-stroke petrol engine, include the main components.


In the 4-stroke petrol engine there are a couple of designs this could be. It could be an inline engine, V engine or a Flat (boxer) engine. 

The inline engine can be constructed by casting. The materials normally used for casting can be cast iron or aluminium (mycardictionary, 2024). If it is made out of aluminium it will still have cast iron cylinder linings in it.  Then depending on the engine size, it can be made out of one cast part. However, if it is a big engine it is normally made out of a two cast parts with crankcase cylinders being made separately (mycardictionary, 2024).  In the construction of the inline engine it will have all of the cylinders lined up in a row. Due to this inline engine will normally have a cylinder variations of 3,4,5 and 6 (Jtech Institute, 2024). 

One of inline engine function is what the 4-stroke cycle will take place in. This means that this is where intake, compression, combustion (power) and exhaust strokes will take place. 

The construction of the V-engine block is where two cylinder are placed at a 60 to 90 degree angle (TATA AIG Team, 2024) if it was V4 engine for example. This arrangement of two banks or rows allows for the engine to be compact. The angle will also allow the engine to be more efficient (TATA AIG Team, 2024). The types of v engines are the V2, V4, V6, V8, V12. The V-engine block will most likely be made out of cast iron (mycardictionary, 2024). 

The function of the V-engine block is to ensure that 4-stroke cycle will take place. This means that this is where intake, compression, combustion (power) and exhaust strokes will take place. 

The construction of the boxer engine is where the pistons and rods will be placed horizontally-opposed to each other as shown in figure 5. There will also be two  pistons on either side of the crankshaft which will not operate vertically as it will operate horizontally instead (RallySport, 2020).
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Figure 5 - boxer engine - (RallySport, 2020).

The function of the boxer engine is to ensure that 4-stroke cycle will take place. This means that this is where intake, compression, combustion (power) and exhaust strokes will take place. 

All 3 blocks will also have the function of having mounting holes and cylinder sleeves.  

The Mounting holes purpose it to make sure the engine is secure and won’t fall out. Another purpose is to absorb any shock and vibration when the engine is running (GMT, 2024). The main materials used for engine mounts are steel, aluminium and stainless steel (RPM , 2024)

Cylinder sleeves are used to ensure the longevity of the engine but to also help keep optimal performance. This because it protects the cylinders from wear and tear (QCC, 2024). It will help the engine operate in hot temperatures because it helps improve heat distribution. The cylinder sleeves are made from a process called ‘centrifugal casting (QCC, 2024).’ This process is a type of metal casting. The most common type of cylinder sleeves is cast iron (QCC, 2024). 

In all three block types there is valves, valve timings, valve guides, crankcase, camshaft, cylinder head, cylinder head gasket, coolant passengers, lubrication circuit passages. 

Valves is used to control flow of air into the combustion chamber and the exit of exhaust gasses (Gupta, 2023). 

Valve timing is very useful in block because it ensures the certain valve will only open and close during the intake or exhaust stroke. 

Valve Guides are responsible for the function and alignment of the engine valves (Zygo, 2024). They will be made out of Cast iron, Brass or powdered metal by machining (AutoGRACE, 2024). It will then be super finished by a reaming process and through OD via centreless grinding (AutoGRACE, 2024).

The Crankcase job is to protect the pistons, cylinders and connecting rod from becoming damaged. It is also responsible for the lubrication of the engine because it can also be the storage and circulation of oil (testbook, 2023). 

The Crankshaft mission is to use combustion of the fuel-air mixture power produced in the engine to create the rotary movement of the crankshaft (my-caridctionary, 2024). This rotary movement is then turned into the linear movement of the pistons.  

The Camshaft job is to make sure the inlet and exhaust calves will open and close at the right time in the 4-stroke cycle. The camshaft is able to do this because of how it is driven by the crankshaft. The camshaft is normally made from cast iron or steel (my-cardictionary, 2024)


Cylinder head is very key in the engine block because it houses the valves, spark plugs and the combustion chamber (testbook, 2023). The cylinder head will also play a significant factor how the combustion process takes place because it will ensure proper sealing. It will also play a factor in regulating the temperature by controlling the circulation of coolant (testbook, 2023). The cylinder head will normally be made from lower chilling casting process (my-cardictionary, 2024). 

Cylinder head gasket is made to make sure that any unwanted materials like dirt is kept out from reaching the cylinder head (my-cardictionary, 2024). 

Coolant passengers are used to take the heat from the cylinder, cylinders heads and from the combustion chambers (BlueStar Inspections, 2024). 


In the engine it can be split into top end and bottom end.  In the top end there is a Rocker cover, Rocker Arms, Overhead Valve (OHV) and Overhead Camshaft (OHC) Components, Followers (Lifters), Pushrods, ECU (Engine Control Unit). 

Rocker cover will protect the internal combustion from any leakages. For example it stops any oil from the rocker getting into the spark plugs. The rocker cover is normally made cast alloys like cast iron or by pressed steel. However in recent years they can be made from reinforced plastic (AUTOTECH-NIC, 2021)

The Rocker Arms will be partly responsible for helping transmit the camshaft movement towards the intake and exhaust valves of the engine (março, 2021). This process occurs due to the direct contact of the intake and exhaust valves with tappets and by the movement of the shaft (março, 2021).

The rocker arms only have a direct contact with the tappet at one of its ends. While the other end of the rocker arm will be attached to the intake and exhaust valves (março, 2021). Therefore, when triggered by the camshaft cam the rocker arm will lower one of its side. This will allow the valve to be open to allow the air and fuel mixture to enter the combustion chamber (março, 2021). This will also happen for the exhaust valve as well. The rocker arm will then return to its original position through springs if it is an Overhead Camshaft design. 

The rocker arms will be made out materials like alloy steels due to strength and how it will have a long life span in the engine (março, 2021). 

Overhead Valve (OHV) and Overhead Camshaft (OHC) Components

Followers (Lifters) will be oscillating or rotating as it follows the motion of the cam through direct contact (Reid Supply, 2024). It follows the motion of the cam thorough direct contact because it will transform the rotational motion of the cam via the cam’s axis into linear motion (LILY, 2024). Cam followers will normally be made out of stainless steel (Wilson, 2019)


Pushrods will transmit the motion coming from the camshaft to the valve rockers. This will open and close the valves. They can do this because pushrods are metal rods which will connect the camshaft to valve (Automotive Repair, 2023). 

ECU (Engine Control Unit) is like the brain of the internal combustion engine. This is because it is in charge of fuel injection, Ignition timing, Idle speed and emission control (MPS, 2024).  It will also have microcontrollers and processing units which job is to regulate the engine operation (MPS, 2024). It will also have memory and storage components. Then finally the ECU will have sensors to check the engine is running okay like temperature or pressure sensors. 


In the bottom end there is the Piston, Piston rings, sump, oil pump, connecting rods and timing system (belts/construction). 


Piston will move up and down in the cylinders of the engine with the job of transforming heat energy of combustion into kinetic energy. This kinetic energy is then used to turn the crankshaft which will power the wheels (REDEX, 2023). 

Piston rings allow for the piston to have the perfect conditions (REDEX, 2023). This is because there are three types of piston rings. The first one compression piston rings which stop leakages above the piston (JAYTRAC, 2024). Then there is Wiper ring which is an extra layer of protection but will have also wipe any unnecessary oil from the cylinder wall (JAYTRAC, 2024). The final one is oil control ring which stoops oil leaking into the combustion chamber (JAYTRAC, 2024). Piston rings can be made out of many materials like cast iron, bronze, steel and stainless steel (THN, 2024)

Sump it is the storage of oil for the engine. It will also have oil drain plug for when the oil wants to be changed which allows the oil to drain out (my-cardictionary, 2024). The sump’s job is also defoaming and cooling the heated oil before it is taken back up again by the oil pump to be pumped around the engine. The sump will normally be made of a deep-drawn sheet of metal. It can also improve its cooling by having fins on the housing (my-cardictionary, 2024). 

The Oil pump job is to convey the oil for engine lubrication. It also has the job build oil pressure in the lubrication system (my-cardictionary, 2024). The oil pump will be operated by the crankshaft through auxiliary devices. The distribution of oil will be related to the oil pump design (my-cardictionary, 2024). Oil pumps can be made out of carbon steel, chromium steel or cast iron but it depends on the circumstances for this (SaikenPumps, 2022)

Connecting rods will convert movement of the piston from linear up and down movement to circular movement for the crankshaft (my-cardictionary, 2024). It is normally made from ‘microalloyed steels, sintered metals, high-grade aluminium or CFRP and titanium (for high-performance engines)’ (my-cardictionary, 2024). This is needed because of the forces the connecting rod goes through (my-cardictionary, 2024)

Timing system (belts/construction) 

The function of timing system is first shown through the timing belts is to drive the camshafts which allows for the opening and closing of the valves. The timing belt could be a belt drive, spur gears or a timing chain (my-cardictionary, 2024). Any of these three options will still be responsible for the rotation of the crankshaft to the camshaft. In the timing system there are also tension pulleys to ensure the belt will always have a constant tension (my-cardictionary, 2024). This will allow for the transmission of force from the toothed belt tensioner to the tooth belt. Then finally there are also defection rollers which will change the bath of the toothed belt based on the layout of the shafts to be driven (my-cardictionary, 2024). They will normally act as a stabiliser as it stops the toothed belt from flapping. 

The timing belts are constructed through stages 

The first stage is determining what the peak torque is. This will normally be the starting torque of the motor. Also, any shock loads during normal operation needs to be counted as well (Industrial Quick Search, 2024). 

The second stage is Diameter determination which is determining the diameters of what the largest pully can be (Industrial Quick Search, 2024). While also recognising the space limitations and the drive ratio. This stage will help improve the life of the belt and the drive’s torque capacity (Industrial Quick Search, 2024). 

The third stage is tooth profile selection. This will involve selecting best tooth profile. 

The fourth stage is to calculate the teeth in mesh 

The fifth stage is to pick the best pinch length 

The six stage is to find out total teeth on the belt for the application

The seventh stage is to find the most of effective tension in the drive. 

The eighth stage is to find strength factor of the application

The night stage is to find best belt width that can handle the designed torque of the pully size that was picked. 
(Industrial Quick Search, 2024)

Ignition system 

There are two types of for the ignition system for a four stroke petrol engine which is electrical or mechanical. 

An electrical system is where it uses electronic components to do the ignition of the engine. This eliminates any chance of wear (123Ignition, 2024). 

While Mechanical will use contact points and springs to create the ignition. This will have the chance of wear (123Ignition, 2024).  
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Write a report to answer the following two questions. You can create a table to assist you with the advantages and dis-advantages.  

Explain the design and performance implications and then compare the advantages and dis-advantages of two different engine configurations given below. 


A R35 VR38DETT engine vs a R34 RB26DETT engine



Design and performance implications of R35 (R35 VR38DETT engine)  

The design and performance of the R35 has many implications of it. 

The first one being the design of the engine which is a V6-engine. This means that the cylinders 6 cylinders arranged as two banks of 3 at a 60 degree angle. The cylinders will then form a V-shape because of this angle (TATA AIG Team, 2024). This design choice will allow it be more compact and because of the 60 angle it will allow for more efficient engine (TATA AIG Team, 2024). 


Another impact by the design and performance of the R35 can be shown through the orientation of the engine. For the R35 it is longitudinal (carfolio, 2024) this means that the engine will be mounted down the centre line of the vehicle (Car Throttle, 2017). This means that it will form a straight path from the crankshaft to the transmission, prop shaft and the rear differential (Car Throttle, 2017). This will mean that it will be less efficient in the transmission of rotational energy from the crankshaft when compared to a transverse engine. This is because the rotation will have to change by a direction of 90 degrees via a differential to drive the wheels. Also, because it is longitudinal it might mean that is more expensive to run (Car Throttle, 2017) because it is less efficient on fuel. However, on the positive longitudinal engines will be better to work on and will have a better turning circle. This is because there will be less stuff in the engine bay getting in the way (Car Throttle, 2017).

Another impact by the design and performance of the R35 can be shown through how the engine is front mounted (carfolio, 2024).  The design choice leads to better passenger space and better safety of steering dynamics (Fenske, 2014). However, it will affect the weight distribution of the car as it will cause the performance of the car to have more understeer (Fenske, 2014). 

The purpose for the R35 was designed this way is because they wanted it beat the Porsche 911 and be a revival of the Nissan brand (Wikipedia, 2024). Which is why they used a V6 engine as it helped achieve its goal of beating Porsche. The R35 achieving it goals how many rewards the one since the release of the R35 (Wikipedia, 2024). 

Design and performance implications of R34 (R34 RB26DETT engine) 

The first design and performance implication are that the R34 is twin-turbocharged inline 6 engine (f1rstmotors, 2023). This means engine it will have all of the cylinders lined up in a row. Due to this inline engine will normally have a cylinder variations of 3,4,5 and 6 (Jtech Institute, 2024). This means that it will take up a lot of space due to how long the engine is (carthrottle, 2024). This could take up space in car for passengers so could reduce comfort. However, the simplicity of an inline engine leads to lower costs in buying but also in maintenance costs (carthrottle, 2024). 

The next design and performance implication is how the R34 is front mounted (carfolio, 2024). This effects how the inline engine will be mounted. As by the engine being mounted at the front it makes it harder to mount. This design choice will also cause the car to understeer more due the weight distribution of the car being affected (Fenske, 2014). However, by the engine being front mounted it could eliminate some of the space issues with inline engine regarding space for passengers as it could improve it (Fenske, 2014). 

The final design and performance implication of the R34 is how it is longitudinal (carfolio, 2024). This means the engine will be mounted down the centre line of vehicle. Therefore, there will be a straight path from the crankshaft to the transmission, prop shaft and the rear differential (Car Throttle, 2017). This will mean that it will be less efficient in the transmission of rotational energy from the crankshaft when compared to a transverse engine. This happens as the rotation will have to change by a direction of 90 degrees via a differential to drive the wheels. Also, because it is longitudinal it might mean that is more expensive to run (Car Throttle, 2017) because it is less efficient on fuel. However, on the positive longitudinal engines will be better to work on and will have a better turning circle. This is because there will be less stuff in the engine bay getting in the way (Car Throttle, 2017).

The R34 was made at the time to be the flagship for Nissan (wikipedia , 2024). It also laid the foundations for the R35. The inline engine also fitted the R34 because of its cheapness to make the engine which allowed Nissan to build up money to make the R35. 


	R35 VR38DETT
	R34 RB26DETT

	Advantages
	Disadvantages
	Advantages
	Disadvantages

	Having a compact engine design due to it being a V-engine. This allows for better efficiency
	Less efficient in the transmission of rotational energy from the crankshaft. This is because the rotation will have to change by a direction of 90 degrees via a differential to drive the wheels. Also, because it is longitudinal it might mean that is more expensive to run (Car Throttle, 2017) because it is less efficient on fuel.
	Inline engine makes it easier to maintain  (carthrottle, 2024)
	Less power compared to R35

	On the positive longitudinal engines will be better to work on and will have a better turning circle. This is because there will be less stuff in the engine bay getting in the way (Car Throttle, 2017).

	With the R35 being front mounted it effects the weight distribution of the car as it will cause the performance of the car to have more understeer (Fenske, 2014).

	By the engine being front mounted  (carfolio, 2024)  it could eliminate some of the space issues with inline engine regarding space for passengers as it could improve it (Fenske, 2014). 

	Potentially less space for passengers compared to R35 

	With the R35 being front mounted (carfolio, 2024). It leads to better passenger space and better safety of steering dynamics (Fenske, 2014).
	
	
	Longitudinal orientation (carfolio, 2024) means  less efficient in the transmission of rotational energy from the crankshaft when compared to a transverse engine

	
	
	
	Front mounted  (carfolio, 2024) but is also an inline engine so more space could be taken up 





One way to compare the R35 and R34 can be shown through every day driving. One reason for the R35 being better is because it has V6-engine which will take up less passenger space because it allows for to be compact and efficient (TATA AIG Team, 2024). This allows for more passenger room. While the R34 takes up more space in the engine bay due to the inline engine. This means that more passenger space will have to be taken up (carthrottle, 2024). However, the R34 will cost less to maintain because it has an inline engine. This is because it is easier for mechanics to work on. This means that it is easier to maintain which saves money (carthrottle, 2024). While, the R35 has V6-engine which means that they are harder work on when compared to an inline engine. This means that they cost more to maintain (carthrottle, 2024). Therefore, for every day driving it comes down to budgets of the driver but because V-engine have been around for a while it has improved in mechanics understanding so it would be easier to maintain. Therefore, I would say the R35 is better because of the space provided. 
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Can pick any type of the gt class for BMW vs McLaren 

Justify which could be better on which circuit or Justify why they are both good gt3 cars if I pick gt3 for both 


Design and performance implications for the BMW M4 GT3 EVO

The first design and performance implication is that it is a inline 6-cylinder engine with M TwinPower Turbo (BMW, 2024). This means that it will have all of its cylinder in a row. Due to this the cylinder configuration for inline engine’s is 3,4,5,6. By BMW deciding to go with a 6-cylinder inline engine it means it will take up a lot of space in the engine bay because of this. However, because this is a GT3 car it won’t matter as much because they can push the driver section back to provide more room for engine to fit. They can do this because the focus of this car isn’t for comfort but instead performance. 

The second design and performance is that the engine is front mounted (Carfolio, 2024). This will cause it to be harder to mount the engine. This will also cause the BMW to understeer more due to weight distribution of the car (Fenske, 2014). However, by the engine being front mounted it might allow for more space in the engine. 

The final design and performance implication is that it is longitudinal (Carfolio, 2024). This will mean that engine will be mounted down the middle line of the vehicle. Therefore, there will be a straight path from the crankshaft to the transmission, prop shaft and the rear differential (Car Throttle, 2017). This will mean that it will be less efficient in the transmission of rotational energy from the crankshaft when compared to a transverse engine. This happens as the rotation will have to change by a direction of 90 degrees via a differential to drive the wheels. Also, because it is longitudinal it might mean that is more expensive to run (Car Throttle, 2017) because it is less efficient on fuel. However, on the positive longitudinal engines will be better to work on and will have a better turning circle (Car Throttle, 2017). This could allow the BMW to have better handling in the corners 














Design and performance implications for the McLaren 720s GT3 

The first design and performance implication is that it is a M840T 4.0litre twin turbo. This means that it has a V8 engine (McLaren, 2024). This means that the cylinders will be arranged as two banks of 4 at a 90 angle (carfolio, 2024). The cylinders will then form a V-shape because of this angle (TATA AIG Team, 2024). This design decision will allow it be more compact and will be a more efficient.  


The second design and performance implication is that it is mid engine (carfolio, 2024). This means that the engine will be located in between the passenger seats to the rear of the car. By having the engine in the middle, it allows for 50/50 weight distribution (Swansway Motor Group, 2019). However, one disadvantage of it being mid-engine is that they are harder to control if they start to spin out. This could lead to an increase in spin out. Especially in wet conditions. Despite this in general a mid engine allows the vehicle to be nimbler while still having a lot of traction to accelerate (Swansway Motor Group, 2019). 


The final design and performance implication is that it is longitudinal (carfolio, 2024). Therefore, this means that mounting of the engine will be on the centre of the vehicle. This means that there will be a straight path from the crankshaft to the transmission, prop shaft and the rear differential (Car Throttle, 2017). This then leads to it being less efficient in the transmission of rotational energy from the crankshaft when compared to a transverse engine. This happens as the rotation will have to change by a direction of 90 degrees via a differential to drive the wheels. Also, because it is longitudinal it might mean that is more expensive to run (Car Throttle, 2017) because it is less efficient on fuel. However, on the positive longitudinal engines will be better to work on and will have a better turning circle. This is because there will be less stuff in the engine bay getting in the way (Car Throttle, 2017).


	BMW M4 GT3 EVO
	McLaren 720s GT3

	Advantages
	Disadvantages
	Advantages
	Disadvantages

	better turning circle (Car Throttle, 2017). This could allow the BMW to have better handling in the corners

	understeer more due to weight distribution of the car as it is front mounted.
	V8 engine (McLaren, 2024). This means that the cylinders will be arranged as two banks of 4 at a 90 angle (carfolio, 2024). The cylinders will then form a V-shape because of this angle (TATA AIG Team, 2024). This design decision will allow it be more compact and will be a more efficient.

	harder to control if they start to spin out.

	
	less efficient in the transmission of rotational energy from the crankshaft when compared to a transverse engine
	50/50 weight distribution
	less efficient in the transmission of rotational energy from the crankshaft when compared to a transverse engine.

	
	
	better to work on and will have a better turning circle. This is because there will be less stuff in the engine bay getting in the way (Car Throttle, 2017).

	

	
	
	Car is very nimble and can accelerate as it still has a lot of traction
	





One way to compare the BMW M4 GT3 EVO to the McLaren 720s GT3 is through where they decided to position the engine and how that will affect cornering. In the BMW they decided to put make it be a front engine design (Carfolio, 2024). This leads to an increase in understeer in the handling of the car (Fenske, 2014). This happens because of the weight distribution of having the front engine design. Therefore, depending on the driver’s preference, it may be harder for the driver to drive the car in the corners. While the McLaren 720s GT3 is a mid-engine car (carfolio, 2024). This allows it to have 50/50 weight distribution and it will also be very nimble in the corners (Swansway Motor Group, 2019). This means that it will be very good in the corners. The McLaren can also accelerate out of the corners well due to it having good traction because it is Rear Wheel Drive (RWD). Therefore, for cornering track I would pick the McLaren because of how much better the handling is. 


[bookmark: _Toc182000777]Task 3

Write a report evaluating the R35 GTR. This report must be around the engine/drivetrain layout and configuration in terms of operation and performance. You must mainly discuss the operation of all the relative components, that make this unique vehicle have so much power and handling. You could also describe how traction is controlled and splits to the front and rear wheels. Consider all the factors that allows the standard road car to handle so well and lap the Nürburgring in such a quick time. Evaluate the engine and layout as a whole and why it will be ideal to use in the Le Mans 24-hour race.


The R35 GTR has a great engine/drivetrain layout and congratulation in relation to the operation in performance. It is able to do this because of very useful components in the engine. This allows the vehicle to exceptional power and handing. 


Layout 

The layout of the R35 GTR engine is that it uses a V6-engine R35 VR38DETT (Nissan, 2024). This will mean that the design will be 6 cylinders arranged in 2 banks of 3 at a 60 degree angle (carfolio, 2024). The cylinders will form a V-shape because of the angle (TATA AIG Team, 2024). This is why it is a called a V-engine. This design choice will also allow the engine to be compact so will take up less space. Also because of the 60 degree it will allow for a more efficient engine (TATA AIG Team, 2024). 

The engine will have the orientation of being longitudinal. This means the engine will be mounted down the centre line of the vehicle (Car Throttle, 2017). This leads to a straight path from the crankshaft to the transmission, propshaft and the rear differential (Car Throttle, 2017). The GTR R35 is also not the most fuel efficient because of the orientation being longitudinal. However, a longitudinal engine allows for better turning circle due to less objects  in the engine bay getting in the way (Car Throttle, 2017). 

The engine will be front mounted in the R35. This will allow for better passenger space and an improved safety of steering dynamics (Fenske, 2014). However, by the engine being front mounted it can cause the performance of the car to have more understeer (Fenske, 2014). 

The vehicle will be rear-transaxle. This means the gearbox and differential are at the rear of the car to make the weight distribution 50/50 when counting in the front mounted engine. This allows for the handling to be improved drastically.





The layout of the drivetrain in the R35 has a 6-Speed Dual-Clutch with Paddle Shifter and Rev-Matching. This means that drivers can change the gear via paddles. It will also will have synchromesh gears. This will mean that the car will start to select the next gear before you change gear so that the gear change is instant. This happens because it will have two clutches with one for odd gears while there is one for even gears  (Automatic Transmissions R US, 2024). The car knows which gear to select because the R35 has a inbuilt computer installed which takes in factors such as speed, driving conditions and throttle input (Automatic Transmissions R US, 2024).  

The drivetrain will also be all wheel drive. This means that all four wheels can be powered. This works by it having a 1.5 way limited  slip drive (LSD) at the rear transaxle (Fenkse, 2016). This allows the rear transaxle to send power to front two wheels when all wheel power is needed. This will first go from LSD to a clutch pack. Then it will go through an open diff (Fenkse, 2016). Now the front two wheels can be powered. 


The power for the V6-engine (Nissan, 2024) can be shown through the power graph in figure 6. This displays how the bhp increase with the more rpm and the light blue line. The figure shows it increases at a regular rate especially between 2,800 rpm with 200 bhp to 5,400 rpm which has 485 rpm. Then it starts to increase slowly before slightly decreasing around 6500 rpm to finish put around 470 bhp. While the red line displays how the torque increase with more rpm. The figure shows how the torque increase between 1500 rpm to 2500 rpm. It then stays roughly the same between 2,500 rpm to 5,300 rpm with it being around 450 lbf.ft. The torque then starts to decrease after that to where it finishes at 470 lbf.ft

[image: GTR tuning stage 1 power graph]
Figure 6 - GTR R35 Power Chart - (LITCHFIELD, 2024)







Main components 

One of the main components is Twin Turbochargers. This allows the R35 to be able to gain more horsepower and torque. It will also allow the R35 to have good fuel economy at the same time (Girgis, 2023). The design done by Nissan also allows for the twin turbochargers to be modded in the future which allows for more improvements in horsepower and torque to occur.  

Another main component is the Aluminium block that is used. The aluminium block will use low carbon to reinforce the (webarchive, 2024). This done by the process of plasma spraying. By doing plasma spraying reduced the overall engine weight by 3kg by not using iron linings (webarchive, 2024). It also reduced friction and enhanced thermal conductivity. 

The final main component is Variable Valve Timing (VVT). The VVT has been improved massively in the R35 to allow for more efficiency and performance. This has been done by increasing the efficiency of the VVT for the intake and exhaust valves (Girgis, 2023). This means that valves will open earlier or for longer to get more air into the cylinders. This allows for an increase in performance and efficiency in the combustion process (Girgis, 2023). 

The fuel used is petrol (EngineSpecs, 2024). This means spark plugs will be needed in the combustion process to ignite the air/fuel mixture. 

The lubrication system in a R35 GTR is wet sump. This is where there is an oil pan located at the bottom of the engine with one oil pump (NBE, 2022). This allows it to be very cheap. However, it is vulnerable to damage because of its location (NBE, 2022). 


Why the engine and layout is justified

The engine and layout is justified because of the goals they set themselves which was to beat the Porsche 911. It achieved this goal at Laguna Seca when it raced it there when it was testing the vehicle. It also managed to beat Porsche 997 at the Nürburgring with a time of 7mins and 38 secs which was two seconds faster (Pollard, 2015). So, with this in mind I would say it is save to say that engine and layout is justified 












Why it can be used in Le mans 

The engine would be ideal to run at Le Mans 24-hours 

One way the R35 could run in Le Mans 24-hours is because the engine would be ideal to run at Le Mans 24-hours. This is because turbocharged V6 which allows for a lot of power to be produced. This is because it reduces the reaction time needed for combustion by compressing the air into the cylinders (Cummings, 2024). The engine is also very efficient due to its V6 design. This could allow it to make one less pit stop in the race as the engine may be more efficient then its competitors. 

The transmission also allows it to be ideal to run in the 24 hours of Le Mans is because it has 50-50 weight distribution. This means that it is good in the corners. This happens because the R35 is front mounted which would cause understeer but because it is rear-transaxle it balances it out which allows it to become 50/50 weight distribution. 

Another reason why it would be good to run in the 24 hours of Le Mans is because it has a low centre of gravity. This is due to V6 engine design. This will improve the handling of the R35. 

The final reason why the R35 would be ideal to run in Le Mans is because of the potential tuning for it. This could allow it to improve fuel efficiency or engine performance for the race depending on what the rules are. 
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