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Abstract 
This assignment will look in depth at the forces acting in a 4-stroke combustion engine in this instance the engine in use will be the sr20det engine produced by Nissan. The main force that will be researched and determined is the force acting on the con rod under different RPM and engine loads. After a brief analysis of the results it was found that the forces undergone by the conrod slightly exceed that of the initial research conducted however, the graphs and data are both accurate and reliable meaning that the initial research might have been slightly inaccurate. The assignment will compare and contrast the differences in the forces in relation the RPM and the specific components weights and dimensions. 
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1. Introduction
This assignment will look in depth at the dimensions and forces acting on specific components in the engine such as crank, conrod length, RPM range and mass of the piston. Once I have found the dimensions I need I will enter then into a spreadsheet format and generate all the appropriate graphs and figures required. I will be looking in the sr20det engine as it is widely available and is widely used in range of cars. I will conduct research into the engines specifications with an aim to find the specifications of this particular engine components. Out of my research I am hoping to gain a further understanding of exactly what forces an engine like the sr20det goes through during its operation. [image: See the source image]
Figure 1 






                                                                                                                              


Research 
The SR20DET engine produced by Nissan is a 4 cylinder 2.0L performance engine. The somewhat confusing SR20DET name is part of an engine code created by Nissan.
The “SR” is the family name, while the “20” denotes the displacement, 2.0 liters for this case. “D” indicates the valvetrain is dual overhead camshaft, “E” tells us that this model has electronic fuel injection, and finally “T” represents that the engine is turbocharged.
Engine outputs and details 
This well-known Japanese performance engine was normally produced in cars in the Japanese and European markets. The Nissan models available with this engine were the Bluebird, Pulsar, 180SX, Silvia, Avenair, Liberty, R’nessa, 200SX, and Sunny.
The SR20DET engine was first made available in 1989 in the Nissan Bluebird. The most well-known applications for this engine are in the 180SX, 200SX, and Silvia engine models. The engine was produced until 2002.
[image: See the source image]The power output of a 1998cc sr20det is 276BHP or 206 kw of power. The inline 4 produces a punchy torque output 418 Nm. The engine is a fuel injected naturally aspirated inline 4 which offers excellent performance and is great building block for engine builders as it is renowned for be able to handle big power upgrades. The firing order of the engine is 1,3,4,2 The crank radius is 125mm. The con rod length is 625mm
Power output: From 110 PS (81 kW; 108 hp) to 280 PS (206 kW; 276 hp)
Cylinder bore: 82.5 mm (3.25 in); 86 mm (3.39 in)
Piston stroke: 68.7 mm (2.70 in); 86 mm (3.39 in)
Compression ratio: 9.0:1, 9.5:1, 10.3:1, 11.0:1
Torque output: From 150 N⋅m (111 lb⋅ft) to 418 N⋅m (308 lb⋅ft)
Displacement: 1.6 L (1,596 cc); 1.8 L (1,838 cc); 2.0 L (1,998 cc)
Fuel system: Fuel injection
The four-stroke cycle
The intake stroke- the intake stroke is the first stroke to occur in the 4-stroke cycle. During the intake stroke air and fuel are introduced into the combustion chamber, the air and fuel mixture enter the combustion chamber via the intake valves. The mixture is now found in the cylinder when the piston is at (BDC). The intake event is when the air-fuel mixture is introduced to fill the combustion chamber. For the sr20det engine this occurs in 1 of the 4 cylinders at any given time.
The compression stroke- this is the second stroke performed in the 4-stroke cycle. The compression stroke consists of the piston moving up in the chamber and pressuring the air fuel mixture in the very top on the cylinder. Once the piston is at (TDC) the air fuel mixture is under maximum pressure which is optimal for the next stroke which is the power stroke.
The power stroke- this is arguably the most vital part of the 4-stroke cycle as it provides the power enabling the engine to produce the needed force to start the drive process. During the cycle the pressurised air fuel mixture is ignited via the spark plug and the controlled explosion begins. As the piston travels to (BDC) the controlled explosion expands throughout the chamber.
The exhaust stroke- this is the last stroke performed by the engine, the exhaust valve opens and the piston travels back up the chamber and expels the exhaust gases out the open valve. After the exhaust gases are expelled from the engine the 4-stroke cycle begins again.
 















Methodology
I am going to begin by entering my engines specific dimensions that relate to the graphs. I will enter these appropriate measurements in the excel sheet and get 3 main graph which will show me the data for the height of the piston, force and acceleration also piston velocity. Once I have generated the graphs I will compare and contrast the difference in the results and identify key points within the results. I will generate another set of graphs by using a different rpm and compare these to the previous graphs. I will use the excel spread to help me identify where there certain week points or anomalies within the data produced. I will discus all possible reasoning as to why these anomalies might have occurred and how I would collect more balanced data. Throughout the analysis I will refer back to the generated graphs in order to reinforce my findings. The aim of the entire report will be to investigate and fully understand the forces acting on the conrod under certain variables that an engine might typically experience during its standard operation.






















Analysis 
	Crank Radius (mm)
	[bookmark: RANGE!B2]125
	mm
	
	
	
	
	
	

	Conrod Length (mm)
	[bookmark: RANGE!B3]165
	mm
	
	
	
	
	
	

	RPM
	5000
	rpm
	
	[bookmark: RANGE!E4]523.5988
	
	
	
	

	Compute Time Interval
	[bookmark: RANGE!B5]0.0002
	
	
	
	
	
	
	

	Mass of Piston/gudgeonpin etc (kg)
	[bookmark: RANGE!B6]0.44
	
	
	Max tensile force on rod
	 
	26464.14



The above graphs represent the sr20det at 5000rpm. The reasoning for using 5000rpm as a base scale is due the sr20det engine being able rev to 8000rpm so I wanted to get a slightly higher initial rpm so I can compare more corresponding data results. 
The above force and acceleration graph shows a slightly above average reading. I was expecting this from the results as the engine is a slightly higher than average rpm. The forces acting on the conrod are calculated to be 26464.14 MPa this force is similar to the rough figures I found during my initial research into the sr20det engine. The velocity and height graphs also show a slight increase. These results are to be expected as the overall RMP is already higher than average I was expecting to see larger than average results. The two main forces acting on the con rod are inertial force and the frictional force passed through the piston to the con rod. 

	Crank Radius (mm)
	125
	mm
	
	
	
	
	
	

	Conrod Length (mm)
	165
	mm
	
	
	
	
	
	

	RPM
	8000
	rpm
	
	837.758
	
	
	
	

	Compute Time Interval
	0.0002
	
	
	
	
	
	
	

	Mass of Piston/gudgeonpin etc (kg)
	0.44
	
	
	Max tensile force on rod
	 
	67598.08





The results from the graphs above perfectly represent what happens to the forces undergoing in the sr20det engine. As to be expected as the RPM has increased the graph reflect this. The acceleration and force has not only increased but the frequency of the forces has increased this is to be expected as the RPM has drastically increased. The force on the con rod is now 67598. 08MPa.The velocity graph also shows a considerable increase in both frequency and speed, this represents how the forces would increase as the engine is running at a much higher RPM. The force and acceleration graph shows yet another substantial increase in both acceleration and force acting on the conrod. The acceleration has increased by roughly double. 

















Conclusion
Overall, with the data and graphs I have generated using the excel spreadsheet. The graphs have been consistent with no abnormalities or inconsistencies. The graphs and data reinforce my research. The research conducted aided me in getting a rough idea of what sort of forces I should expect to see being generated by the engine under certain running conditions. What I found during the testing is that not inly do the forces increase when the RPM is increased but velocity and height see an increase. Comparing my research and generated graphs there was slightly more force acting on the con rod that initially expected but the component didn’t malfunction in anyway. This is because the sr20det engine is renowned for being able to handle high RPM and large amounts of strain put on the engine. Although the forces, velocity and height was higher than initially expected, the engine handled the increased load extremely well. The analysis results I gathered were both accurate and reliable due to the fact that the excel spreadsheet utilises advanced formulas to ensure both accuracy and reliability. 

Evaluation
Regarding the consistency of the graphs and data generated I am happy with how linear the results are in proportion to the variables changed during the running of the sr20det engine. If I was to improve the consistency of my data and graphs, it would be possible use a wider range of variables to get a wider scope and understanding of the forces at play within the engine. To gain more linear graphs you could potentially increase the RPM in smaller increments such as 500RPM increments to have more closely matched data and graphs. This would aid in the detailed understanding of the forces and just how the RPM and conrod length has affected the forces being produced. . 
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