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[bookmark: _Toc26739348]Abstract
The aim of this report is it to raise awareness to the effects that engine connecting rods are subject to under direct result of increased RPM. It was hypothesised that as the RPM was increased the strain on the connecting rod would become greater, this would also depend on the length of the con rod and the mass of the piston. 
Research was carried out on a common four-cylinder engine fitted to various applications including performance vehicles to justify a range of engines fitted throughout the automotive market for different customer requirements.
To test the hypothesis components of the engine were measured and the data infilled into a spreadsheet to calculate the results.
Results from the calculations were then transposed into graphs representing the acceleration, force and the velocity effects on the engine components.
From the results it was concluded that the original hypothesis was correct.
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This investigation is looking into the different forces that affects a conrod in a vehicle. Research will be done on a 2.0 litre Zetec engine produced by Ford to find certain values so that the different variables of the engine can be calculated for the affect. The variables that will be looked at are;
· Engine speed
· Conrod length
· Mass of pistons
· Crank radius
Values from the 2.0 litre Zetec engine will be entered into a spreadsheet to show the range between minimum and maximum forces of what tensile and compressive forces that the conrod goes through. This information will then be inserted into graphs so that comparisons and evaluations can be made. The variable values will be changed as an experiment to calculate how exactly each change would influence the figures. Once this is complete all of the data will be analysed.

[bookmark: _Toc26739350]Research
Ford motor company introduced the last run of Zetec engines between 1998 and 2004. Coined by the masses as the phase three blacktop engine due it being the third generation of Zetec and having a black plastic cam cover. 
The Zetec is a belt driven sixteen valve, four cylinder inline engine with an iron block and alloy cylinder head. 
The Zetec engine was found in 1.8 and 2.0 displacements in the following vehicles;
· Mondeo Mk2
· Focus Mk1
· Cougar
Special performance variations of the engine were introduced which include the ST170 engine which included variable cam timing, revised intake port designs and stronger internals and was tuned to 170bhp. Also an RS engine with a lower compression ratio and addition of a turbo charger that produced 212bhp, both these engines were found in the Focus Mk1 to meet consumer demands.
The phase three had several design improvements including rerouting of the cambelt to provide more contact with the cam pulley on the exhaust cam, both phase one and two suffered lobe slap due to their hydraulic valve lifters and so mechanical lifters were installed as standard. Unlike the phase one and two, the phase three only has one style of water pump, external with the impellor driven by the back of the serpentine belt. The exhaust ports were also redesigned for optimum flow efficiency.
(Engine Dynamics, 2019) 
(Engine Dynamics, 2019)
(James Ross Design , 2019)
(Jex, 2003)
[bookmark: _Toc26739351]Methodology 
In order to produce a report on the forces in which a connecting rod goes through, research was compiled on a 2.0 litre Zetec engine produced by Ford. Looking at multiple data sources, information was gathered on the design history, its evolution and the last engine specification before it was discontinued. 
Measurements of the engine components that were gathered were entered into a spreadsheet using Microsoft Office Excel and calculated so that after changing variations in RPM, figures differ to show affected values of force placed on the components. As the RPM is increased the forces on the connecting rod will update and then graphs are made to show the results which will be analysed to two decimal places. 
The graphs that are created will be compared with each other to see the differences between the engine whilst at idle speed and increments of 1000RPM until the manufacturer’s maximum safe engine speed limit. This will demonstrate how much force is exerted on the connecting rod.
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[image: ][image: ]The force and acceleration graph at 1000RPM demonstrate that at the start of the graph the acceleration is close to -300m/s², as the acceleration crosses the zero point it is at its highest increase and rises to slightly over 200m/s². The force slowly increases from close to -100N to just under 100N and follows the same pattern as the acceleration did. 
Figure 2. 1000 RPM
Figure 1. 1000 RPM

The graphs at 2000RPM express more variation as the conrod is going through an entire cycle through starting at the crankshaft revolving from centre of throw to bottom dead centre to top dead centre and back again. 
The acceleration on this graph shows a large increase from the bottom of the stroke to the top of the stroke. The force also increases slightly as it follows the acceleration, this shows that as the acceleration is at its highest point the connecting rod is at its largest stress.
[image: ][image: ]Figure 3. 2000RPM
Figure 4. 2000RPM



This graph illustrates that the velocity has a higher frequency as the RPM is increasing, the figure shows it reaching about 7 to -7m/s.
Force and acceleration have run for two and a half rotations. As the acceleration increases so does the force, the acceleration is greater on the negative side of the graph in comparison to the positive side, this is because in the engine cycle the piston will be going through a power stroke which pushes the piston with a large force and gives the connecting rod the largest strain for the whole cycle.
[image: ]Figure 5. 3000RPM

[image: ]Figure 6. 3000RPM









The velocity for 4000RPM is similar to that of 3000RPM however the amplitude has increased to approximately 10m/s.
The force and acceleration graph has a uniform increase on the positive side and on the negative side the time frame is shorter.
[image: ]Figure 7. 4000RPM

[image: ]Figure 8. 4000RPM


At 5000RPM the velocity has increased and the timeframe has shifted, the frequency has also increased.
The force and acceleration are still moving uniformly. As the acceleration increases the force follows it but not as high. When on the negative side of the graph the force is greater.
[image: ][image: ]Figure 9. 5000RPM
Figure 10. 5000RPM


On 6000RPM once again the frequency has increased and the timeframe has shortened, this is the same for the force and the acceleration.

[image: ][image: ]Figure 11. 6000RPM
Figure 12. 6000RPM







[image: ][image: ]The highest RPM of this engine is 7000RPM, the difference between the final graphs and the graphs at idle are that there is a huge increase in all of the figure as the engine is running at higher RPM. This is because it is going faster and there is more force and strain on all of the engine components including the conrod.Figure 14. 7000RPM

Figure 13. 7000RPM
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In conclusion it has been found that as the RPM increases the force on the connecting rod dramatically increases. On the graphs that have been produced it shows that as the acceleration increases the force on the conrod also rises. As the connecting rod reaches the bottom of the cylinder it is put under the most stress as this is where the power stroke gives the most energy.
Research has been done into the history on the engine that has been chosen and the reasons why the engine was updated and modified. Values have been attained from different sources and then were added to a spreadsheet on Excel so that graphs could be produced every 1000RPM from idle which was 1000RPM to highest RPM which is 7000RPM. Once these graphs were produced they were compared with each other to analyse the data.  
From the above results, this confirms that RPM has direct affect on the velocity, acceleration and force on the conrod. This is what the experiment was undertaken to prove.
The only problem with this test is that the spreadsheet did not show which cycle the piston was on as it rotates two full times for one cycle and both of these would give different results from the top of the rotation to the bottom, this is because on the power stroke the connecting rod would be put under the most stress but it has been mixed with the induction stroke which would not be as powerful.
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