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[bookmark: _Toc26803047]Abstract:


This report will show the different forces that a connecting rod undergoes during its work and how much they affect it. Also, it will compare with lighter a component to see how it reacts. To do it, the report will present a series of graphs with some comments to understand these forces. A Graph comparing between the factory and the performance piston will be shown. Later, it will be shown that the maximum force applied on the conrod happens right before top dead centre when the power stroke occurs. It will also be shown that the lighter the moving part is, the less force it undergoes.
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[bookmark: _Toc26803050]Introduction: 

The following report will cover and analyse the different forces applied on a connecting rod inside an internal combustion engine. The report will provide an understanding of the purpose of a connecting rod and the different types of forces applied on it during its operation. In addition, the report will show how the forces are affected by their environment and conditions (engine speed, mass of piston, conrod length and crank radius). Finally, this report will show how the forces applied on the connecting rod could differ from a factory piston assembly and a high-performance piston assembly. As an example, the Nissan SR20-DET engine is chosen for the study.

[bookmark: _Toc26803051]Research/literature review:

The connecting rod (or conrod), is an essential part of the mechanism in a conventional internal combustion engine design. As its name indicates, its basic purpose is to a make a link between the crankshaft and the piston via the rod journal (big end side of the conrod) and via the gudgeon pin (small end of the conrod). The latter being completely free of rotational movement, provides a pivot point for the top part of the assembly. As such, the conrod acts as a lever arm given that it transfers a rotary motion from the crankshaft to a linear motion to a reciprocally sliding piston (MISUMI USA, 2018). In other words, the conrod allows to transfer the power produced from the cylinder to the rotating crankshaft which drives the gearbox and then the wheels, in a use of conventional automotive application. 
[image: ]During the 4 cycles of the engine, the conrod undergoes a combination of forces from its environment and events around it. While rotating, a bending stress is constantly applied on the conrod during all four strokes due to centrifugal effect. The mass and the length of the conrod have a big role played in the bending stress effect. An axial stress is applied under compressive forces from the compression, power and exhaust strokes. (Fanil Desai (IJERT), 2014). Minimal stretching effects force called cyclic tension is also applied during intake stroke. (Selection of material, shape, and manufacturing process for a connecting rod, Somnath 2010).
Conventional Conrods are usual made out of steel for lightness and high impact absorption purpose. However, durability is reduced. For a lighter and stronger conrod, Titanium is used at 100% or as alloy with steel but a higher cost. Reliability and durability are improved with titanium made conrod. [bookmark: _Toc26803039]Figure 1: SR20 Stock and aftermarket conrod

Manufacturing process has two different fields. Forging, which consists of forging the shape of the conrod out of an existing heated bar of metal and casting, which consists of shaping the conrod in a mold with melting metal. Forging gives a better, more efficient finish than Casting which is less efficient and costs more afterwards. (Muhammad Waseem, (2013)).
[image: ]Methodology:[bookmark: _Toc26803040]Figure 2: Picture of Forging a Conrod


· Tools used

· A Computer 
· Microsoft Excel program
· Microsoft Word program

· Process
Before starting the task, a good understanding of Microsoft Excel program is required. In fact, knowing how to read values, how to create a graph, how to create a two curves graph is necessary in the report.
Start by doing some research on the subject. Use the internet, technical books or magazines related to Nissan SR20-det engine. Make sure to use information from relevant web sites. Also, pay attention if the author and the date is mentioned in the source. Research some data about performance parts for this engine. Same as previously, relevant web site from official company are used. Specifications of a performance piston assembly is found for the second part of the report.
Considering all the engine data found and verified, the use of the program Microsoft Excel and the document Conrod assignment spreadsheet helps interpreting values in real life situation. It also helps to report what is happening in the engine at a specific moment. 
Start entering the data collected from the sources into the spreadsheet document. Enter the values in their respective places. Compute time interval should never be changed. The data from the factory engine is used at first. After all the values typed, in the bottom of the spreadsheet will appear a series of graphs giving conrod height curve, velocity curve and combined force/acceleration curves. In addition, a series of pre-set formulas are showing detailed results for a more accurate reading. Create simulations with different engine speed to see how it reacts. Now set up the engine speed at maximum rpm. Evaluate the results by reporting what is happening in each graph.
Change the value of the factory piston weight for the value found for the lighter piston assembly. Set the engine speed at its maximum rpm. Assess the results by reporting in the report sheet what is happening on each graph.
Discuss the results on the report sheet of what is happening to the maximum tensile force on rod for each case of the report.
Create a graph for force on the conrod that would show the two curves of stock piston and performance piston together. Repeat the same process for Conrod velocity graphs and acceleration and force over conrod graphs.
To finish, discuss the differences in the curves of each graph and report it in the report sheet.



[bookmark: _Toc26803053]Analysis:

The Nissan SR20-det is one of the most famous Japanese engines from the 1990s. It is known to be a strong, reliable and an easily modifiable engine. Few of the many reasons why these engines are still appreciated by car enthusiasts in the motorsport industry such as drifting, time attack or drag racing. It was seen most often in Nissan Silvias or Nissan Pulsars. 
The SR20-det engine is a 4 cylinders 2l turbocharged engine, producing 217hp at 6400rpm and rpm limit is up to 7000rpm. It has 86mm bore with a stroke of 86 mm.  (Tomei USA, stock engine data). Conrod is 136.8mm long. (Connecting rods, (Hurricane, 2019)). Factory Piston Weights 493grs. (Coleman (2016) was a useful source of information). 

Factory engine experiment

[image: ]Engine specifications:[bookmark: _Toc26803041]Figure 3: Picture of Factory SR20-det

Conrod length: 136.8mm
Crank radius:  43mm
Max engine RPM: 7000rpm
Mass of piston assembly: 0.493 kg 

Graph n°1: Conrod height on stock engine
[image: ]
[bookmark: _Toc26803042]Figure 4: Graph 1 Conrod Height stock engine
This graph 1 shows the variation of height over time, the conrod undertakes during its work. The height curve is constant. The conrod height used in the report is considered as the distance between the top of the conrod and the crankshaft main journal axis. It gives the conrod displacement from Top dead centre to bottom dead centre. 
The formula used to calculate the conrod height is the following: Crank radius*COS(crank angle) +conrod length*COS(radians). 
Maximum curve value is 179.8mm from 0 second and 0° crank angle. Its minimum value is 93.86mm from 0.0042 second at 176.4° crank angle. 
At 7000 rpm, a revolution occurs every 0.01 seconds. Conrod moves from TDC to BDC in 0.0042 second. Conrod moving from BDC to TDC takes 0.0044 second.


Graph n°2:  Conrod velocity on stock engine


[image: ]
[bookmark: _Toc26803043]Figure 5: Graph 2 Conrod Velocity stock engine




The graph 2 shows the variations in conrod velocity in m/s over time in seconds. The Velocity curve remains constant and reciprocal. The conrod velocity represent the speed of the conrod during its duty at 7000rpm. In this case the velocity varies between positive velocity (while accelerating) and negative velocity (while decelerating).
The formula for velocity in m/s is the following: (Velocity mm/s) /1000.
The formula for velocity in mm/s is the following: (conrod height n°2 - conrod height n°1)/ compute time interval. 
At its maximum positive velocity, the conrod goes up to 32.94m/s from 0.0152 second and 638.4° of crank angle. The maximum negative velocity of the conrod is -33m/s from 0.0102 second and 428.4° of crank angle. 
At 7000 rpm, the time to go from max positive velocity to maximum negative velocity is 0.0034 second. The time for the conrod to go from max negative velocity to max positive velocity is 0.0052 second. This phenomenon is depending on the origin of the engine cycle the piston is performing.


Graph n°3: Acceleration and force over conrod on stock engine


[image: ]
[bookmark: _Toc26803044]Figure 6: Graph 3 Force/Acceleration on Conrod stock engine

This acceleration over force graph here shows the relation between the force applied and the acceleration, the conrod undertakes. Both acceleration and force curves remain constant over time. The force curve represents how much force applied on the conrod during its duty. The acceleration curve shows the variations of acceleration the conrod undertakes during its duty. 
The force curve formula is the following. (Acceleration m/s)²*mass of piston.
The acceleration curve formula is the following: (acceleration - acceleration*n-1)/Compute time interval.
At 7000rpm, the max acceleration the conrod experiences is 16225.07m/s² from 0.0032 second at 134.4° crank angle. At the same rpm, the maximum negative acceleration that the conrod undergoes is -30268.3m/s² from 0.0084 second at 352.8° crank angle.
At 7000rpm, the conrod experience a maximum force of 7031.28N from 0.0032 second at 134.4° crank angle. At the same engine speed, the minimum force the conrod undergoes is -13620.7N from 0.0084 second at 352.8° crank angle. 
It took 0.0052 second to go from maximum positive acceleration to maximum negative acceleration. In the other way, it took 0.0034 second to go from max negative to max positive acceleration.
It also took 0.0052 second to go from maximum positive force to maximum negative force. In the other hand, it took 0.0034 second to go from maximum negative force to maximum positive force.

Experiment with high performance piston

Aftermarket Piston is lighter than the factory one. It weighs 372grs. (Coleman (2016) was a useful source of information). 
Engine specifications:
Conrod length: 136.8mm
Crank radius:  43mm
Max engine RPM: 7000rpm
Mass of piston assembly: 0.372 kg 
Graph n°4:  comparison Graph of forces on conrod with a high-performance piston
[image: ] 
[bookmark: _Toc26803045]Figure 7: Picture Tomei Forged Piston SR20-det

[image: ]
[bookmark: _Toc26803046]Figure 8: Graph 4 Comparison graph lighter piston


This graph here shows the differences in terms of forces on the conrod between the factory and the performance piston. The red curve represents the force applied on the conrod with the factory piston. The blue curve represents the force applied on the conrod with the lighter piston. Both curves remain constant over time. In this case, factory engine conrod height, conrod velocity and acceleration on conrod graphs are not compared to the ones with the lighter piston because they remain exactly the same.
The formulas for both curves are the same as the ones for finding force on conrod in graph 3. 
When force 1 curve is at its maximum positive force, the force 2 curve is at 6035N from 0.0032 second at 134.4° crank angle. When Force 1 curve is at its maximum negative value, the force 2 is at -11259.8N from 0.0084 second at 352.8° crank angle.
For Force 2 curve, it took 0.0052 second to go from maximum positive force to maximum negative force. In the other hand, it took 0.0034 second to go from maximum negative force to maximum positive force. 
Negative force represents the tensile force on the conrod.



[bookmark: _Toc26803054]Conclusion:

[bookmark: _GoBack]In conclusion, the connecting rod undergoes a lot of different forces through its application in an engine. The maximum force and acceleration on the conrod are correlated in time. Indeed, maximum force and maximum acceleration occurs right before top dead centre 1 revolution over 2. This concludes that when the hight pressure of the power stoke occurs and pushes violently the piston and the conrod back to bottom dead centre, the conrod undergoes the maximum of force and acceleration the engine can apply to it. Also, the conrod take slightly less time to go from TDC to BDC than from BDC to TDC. It means that at some points, gravity is also a force applied on the conrod.
Maximum positive force applied on the conrod with the high-performance piston is 1265N lower than the force applied on the conrod with the factory piston. Tensile force on the Conrod with the high-performance piston is 2360.72N lower than the tensile force on the conrod with the factory piston. Such a noticeable difference between the two curves helps to understand that the lighter the moving part is (conrod + piston assembly), lower are the forces applied on the conrod.



[bookmark: _Toc26803055]Recommendation for Further study:

If more time and resources, a real-life experiment could have been done to give weight to this report Take a factory SR20det, measure the performance out of the engine with an engine dyno. Swap the factory pistons for some high-performance ones. repeat the process on the dyno. Appreciate and compare the results. It would have helped understand the complexity of forces applied on the connecting rod.
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Acceleration/ force graph (stock)
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Force graph Comparison (Stock/High perf piston)
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