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The aims of this assignment are to calculate the peak gas forces, inertia loads, peak compressive and tensile loads, compressive and tensile stresses, safety factors and compression and stretch distances for a stock Ford 1.6 engine and also a modified version of that same engine. An extra aim is to calculate the compression and stretch distances for the same engine but with conrods made of a Titanium Alloy.

[bookmark: _Toc23595788]Methodology
With the data provided from the ford 1.6 engine for the cylinder pressures and the angle of the crank over two revolutions, the peak gas forces can be calculated per cylinder of the engine. This was done using the spreadsheet containing the data and using the max function on each column of cylinder pressure and then multiplying this by the area of the piston to calculate the peak gas forces.
The Inertia loads for each degree of crank angle were calculated by multiplying the mass of the piston by the radius of the crank angle, the square of the engine speed and the cosine of the crank angle for cylinders 1 and 4. For cylinders 2 and 3, the same equation was used but 180° was added to the crank angle to simulate the position of the piston within the revolution of the crankshaft.
The net compressive force on the crank was calculated per cylinder by taking the peak gas forces and then subtracting the peak inertia forces from them. To calculate the net tensile loads on the rod, this was done by subtracting the smallest gas force per cylinder from the inertia forces calculated earlier.
The compressive and inertia forces calculated were then used to calculate the compressive and tensile stresses in the engine by dividing them by the cross-sectional area at the thinnest measured point in the conrod. These results were then used to calculate the elongation and compression of the conrod for both a stock engine and a hypothetically modified engine. 
The process described above for compression and elongation of the stock conrod was then repeated for a conrod of similar dimensions however this time made of Titanium. As there are many different alloys of Titanium available, some research was required. Some research into a manufacturer of performance conrods showed that this alloy used was 
6-AL-4V (Pauter Machine Co., 2014), which then allows for a look into the datasheet which quotes a UTS for the alloy of 1170 N/mm2 (Matweb, 2019). The calculations for this conrod considered the use of this Titanium alloy as a conrod material for a modified engine as well as an engine using the stock cylinder pressures.
To modify the stock engine, the stock cylinder pressures at 6000 RPM were increased by four per cent to push the peak cylinder pressures over 100 bar. This was done to simulate a small amount of forced induction into the engine and the graphs being used in the results section will reflect this. 
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Graph 1 – A graph of peak gas forces in Newtons for the production and modified engine.
From Graph 1, a clear increase in the gas forces from the production and modified engine can be seen. This is in line with the calculated increase in cylinder pressure created by modifying the data. It can also be observed that cylinders 2 and 3 have a higher gas force than cylinders 1 and 4 in line with the cylinder pressure data provided. This can be hypothesised to be down to some deficiencies within the engine the data was gathered off where it had slightly lower compression in these two cylinders.
Graph 2- A graph of the inertia loading on cylinder 1 of the stock and modified engine.
[bookmark: _GoBack]From Graph 2, the inertia loading in Newtons can be seen for cylinder 1 of both the stock and modified engine. Unfortunately, due to the nature of the graph, the data for the stock engine got covered by the modified engine. On the other hand, the data for inertia loads would be the same for both the stock and modified engine because the engine speed is not being changed between the two sets of data, meaning that the effect of the overlap is reduced.


Graph 3&4 – Graphs of the compressive and tensile loadings for the stock and modified engine.  
As can be seen in graphs 3 and 4, the modified engine has increased compressive loads on the associated conrods per cylinder, with reduced cylinder pressures on cylinders 1 and 4 compared to 2 and 3. We can see that the compressive loads are increased by around 2000 Newtons per cylinder, in line with the increase in cylinder pressures outlined in the modification process.

Graph 5 – A graph of the peak compressive and tensile stresses for the stock and modified engines compared
	From Graph 5 it can be seen that the compressive stresses for the modified engine are higher for the modified engine while the tensile stresses are largely the same. This gives the impression that increasing the cylinder pressure does not change the tensile stresses for the engine being considered in any meaningful way, but it could lead to an increased risk of bending conrods due to the increased compressive forces.



Graph 6 – A graph of the safety factors being considered in the stock and modified engine.
From graph 6 we can see that the safety factors relative to the UTS of the stock conrod are run quite close to exceeding the safe amount of compressive loading for both the stock and modified engine. However, it can also be observed that the tensile safety factor is quite high, because the data has shown that the tensile stresses in this engine can safely be increased without affecting the operational safety of the engine.

  
Graph 7 – A graph of the stretch and compression distances on the standard conrod.
	From graph 7 it can be seen that the modified engine compresses the stock rods more than the standard engine, but it is still within safe operating clearances defined by Ford when designing the stock engine.  


Graph 8 – A graph of the stretch and compressive distances for the stock and modified engine but with titanium conrods.

From Graph 8 it is demonstrated that the titanium conrod compresses more under the same loads as well as stretches more at the same time for both the stock cylinder pressure data and the modified pressure data. This can be significant as it may change some of the operating clearances of the engine ever so slightly, meaning that in a worst-case scenario, the elongation due to fatigue of the conrod could cause the piston crown at the top of it to hit the valves and cause a catastrophic failure of the engine. This in turn means that to prevent this, the engine may need more regular rebuilds to measure the conrods to ensure they fall within spec. This means that the titanium conrod is more suited to high performance applications where engine rebuilds are commonplace, with the standard steel conrods being more than suitable for road or performance use.
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Appendix
Appendix 1 – Test data
An excel spreadsheet containing the data used for the calculations can be found at:
https://uowtsd-my.sharepoint.com/:x:/g/personal/ecarter_149336_student_uwtsd_ac_uk/EZQy8gDYPulOp-LaMsdaToQBfmGXioB7cLM2j8u0CSAuXQ?e=ebGEiC

Peak net compressive and tensile Loads (stock)
Net Compressive loads	42203.010139998514	43552.93004085857	43613.220581093061	41652.552605987672	Net Tensile Loads	3704.5599961128651	3682.0123143991532	3685.4434833555874	3696.7173242124436	Cylinder

Load (N)



Peak net compressive and tensile Loads (Modified engine)
Net Compressive loads	44058.194178043232	45462.110874937694	45524.813036781576	43485.718342671964	Net Tensile Loads	3685.6787635126002	3662.2291745303396	3665.7975902450316	3677.5223847361617	Cylinder

Load (N)



Peak Compressive and tensile stresses, stock vs modified
Stock engine compressive stresses	601.18248062675946	620.4121088441392	621.27094844861904	593.34120521349962	Stock engine Tensile stresses	52.771509916137674	52.450317868933801	52.499194919595261	52.659790943197201	Mod engine compressive stresses	627.60960367582948	647.60841702190442	648.50161021056374	619.4546772460393	Mod engine tensile stresses	52.502546488783473	52.168506759691446	52.219338892379369	52.386358756925375	Cylinder

Stress(N/mm^2)



Peak Compressive and tensile Safety factors, stock vs modified
Stock engine compressive SF	1.2475413442156393	1.2088738909324157	1.2072027540847217	1.2640281736882415	Stock engine Tensile SF	14.212214151004384	14.299246038396713	14.285933358571626	14.242365694330353	Mod Engine Compressive SF	1.1950103943715098	1.158107245500227	1.1565121631023869	1.2107423311973957	Mod engine Tensile SF	14.285021397204577	14.376489698177359	14.362495119781213	14.316704153461544	Cylinder

Safety factor



Peak Compressive and stretch distances, stock vs modified with the standard Conrod
Stock engine Compression Distance	0.47387324943521042	0.48903072108890971	0.48970768877714688	0.46769247940358205	Stock engine Stretch distance	4.1596366639779114E-2	4.1343191731983121E-2	4.1381718348386859E-2	4.1508305802284859E-2	Mod Engine Compression distance	0.49470404054447742	0.51046781106432471	0.51117185746009142	0.48827603971158401	Mod engine Stretch distance	4.1384360173511686E-2	4.1121058269403848E-2	4.1161125950463742E-2	4.1292776902517654E-2	Cylinder

Compression / stretch distance (mm)



Peak Compressive and stretch distances, stock vs modified with the 6AL4V Ti Conrod
Stock engine Compression Distance	0.706653091263033	0.72925633846591797	0.73026585168521896	0.69743615349656973	Stock engine Stretch distance	6.2029669550547797E-2	6.165212802137833E-2	6.1709579993208467E-2	6.1898350757793201E-2	Mod Engine Compression distance	0.70672005792068204	0.72923973009189247	0.7302455106572735	0.69753719958797711	Mod engine Stretch distance	5.9120514533588124E-2	5.8744368956291211E-2	5.8801608500662482E-2	5.8989681289310938E-2	Cylinder

Compression / stretch distance (mm)



Peak Gas forces in Newtons, stock vs modified
Stock engine gas forces	46379.600951118002	47729.520851978057	47789.811392212549	45829.14341710716	Mod engine gas forces	48234.784989162719	49638.701686057182	49701.403847901063	47662.309153791452	Cylinder

Gas Force (N)
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