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1.0 Introduction:
In this report the forces which act upon the conrod within an engine at different speeds will be researched into. To examine the forces acting upon the conrod there will excel spreadsheet with certain dimensions from a chosen engine the spreadsheet will include certain dimensions like: Crank Radius, Conrod Length, Max RPM, and the Mass of the piston. The dimensions listed above will be from a 1.6 litre Ford EcoBoost engine. The dimensions will put into a table and form a graph for the tensile and comprehensive forces which act upon the conrod. The information given will note when the highest and lowest load occur. The standard dimensions will be altered as well to see how the forces change with certain adjustments, as well as noting improvements that could be done to the engine specifications to improve certain aspects of engine running.
1.1 Research Review:
The information was found on several different websites on the internet to complete this report. The piston mass and conrod length information was found on dsportmag (dsportmag, 2017). TopGear.com indicates the values for the max RPM and the cylinder stroke (Top Gear, 2017). From common knowledge crank radius is half of the cylinder stroke.


1.2 Methodology:
To complete this report, a spreadsheet will be noted and documented on Microsoft Excel. The spreadsheet will include many parameters. The values that have been found in research into the table which will alter the graphs linked to that table. This will then give readings including: crank angle in degrees and radians, the velocity in both m/s and mm/s, the acceleration in m/s and the force which is measured in Newtons. The graphs will be labelled where appropriate to make them easier to read and understand.

Analysis:
2.1
To begin the experiment, all the information gathered needed to complete the report into the table on the top of the spreadsheet. The data gathered and put in the table are the following: Crank Radius 40.5 mm, Conrod Length 134mm, Max RPM 5700, Mass of Piston (Inc. Gudgeon pin) 0.329 kg, the graphs will show the data in intervals of 0.0002 seconds. These numbers gathered will be changed a few times to see how the conrod reacts to different circumstances.
[image: ]As you can see from the first graph it measures the distance between the top of the conrod to the crankshaft in millimetres. The graph shows a very similar waveform to a sin wave; this shows the movement of the conrod and piston moving up and down inside the engine block. The furthest the top of the conrod is from the crankshaft reads at 174.5 millimetres which will be the Top Dead Centre (TDC). From then onwards the top of the conrod gradually moves downwards towards the crankshaft as the crankshaft rotates. The conrod will continue to move downwards towards the crankshaft until it is 93.5201 millimetres away where the piston will be at Bottom Dead Centre (BDC). This completes half a rotation from the crankshaft which as you can see in the spreadsheet and the graph it takes 0.0052 seconds to complete at 5700 RPM. The second half of the rotation will push the conrod back upwards towards top dead centre. As you can see from the screenshot above for the conrod and crankshaft to complete one cycle it takes 0.0106 seconds at 5700 RPM which means that it will take 0.424seconds to complete a full 4 stroke cycle at the max RPM of 5700. It is important to note that the time for the piston to move upwards takes slightly longer than it does for it to move downwards. This could be down to many things like when the conrod is moving down it is either in the induction or the power stroke which doesn’t need a lot of effort to move as well as on the power stroke inertia forces the piston and conrod downwards. When the conrod moves up it is either in the compression stroke or the exhaust stroke where a lot of compression stroke.
[image: ]The second graph noted with the standard settings was the velocity graph. This graph shows how fast the conrod moves up and down in m/s and is measured over 0.0294 seconds. The positive numbers on the Y axis represent the conrod moving upwards, whereas the negative numbers on the Y axis represent it moving downwards. At 0 seconds the conrod is moving at a speed of -1.88m/s which shows that the conrod is moving towards the conrod. It takes just 0.002 seconds to reach its highest speed of -25.21 m/s, from here onwards it starts to slow down until it reaches bottom dead centre at a time of 0.051 seconds. From bottom dead centre it starts to move upwards towards top dead centre at halfway around half way it reaches its highest velocity of 25.23 m/s as it begins to slow down again coming up to top dead centre. It reaches 0 m/s or top dead centre at a time of 0.0103 seconds. In summary, you can see from the graph that the angle of inclination is at a greater angle than the angle of the declination. It is also noted that the speed of the conrod moving in an upwards direction reaches a higher velocity than when the conrod moves downwards. It starts to slow down when moving upwards because of the compression or because of all the gasses inside the chamber. To get from the first negative velocity to the first positive velocity takes 0.08 seconds, whereas from the first positive terminal velocity to the second negative terminal velocity it takes 0.044 seconds, this is because the conrods’ velocity increases faster moving downwards because of the inertia and stays at a high velocity longer than when it moves upwards but never quite reaches the high velocity of the conrod when it does move towards TDC. the conrod uses the momentum from the downwards motion to charge its upwards motion.
[image: ]The third and final graph observed will be the acceleration and forces graph. This graph is the most important of them all as this shows the forces acting upon the conrod when moving laterally. The blue line in the graph represents the acceleration in metres per second, and the red line is forces in newtons. As you can see there is a connection between the two parameters over time. As the acceleration of the conrod increases the forces acting upon it also increases. At the highest point of acceleration which is 10208.8 m/s forces acting upon the conrod reach 3358.69 newtons which is very high. These forces are noted at midway through an upwards motion towards top dead centre. Also, shown in the diagram both lines cross zero at the same point of 0.0082 seconds. They both then go into negative units as the conrod starts moving downwards towards bottom dead centre. It reaches peak acceleration of -18725.1 m/s but at this point the forces acting upon the conrod will add up to -6160.57 newtons. The forces applied on the conrod are far greater when moving downwards because of the inertia from the power stroke this is proven from the rate of acceleration of the conrod which is harsher moving downwards and stays at its peak acceleration for a lot less time as the inertia forces it back up. It is noted that there is a small indent at the peak acceleration and forces parameters which could be down to many things, including an imperfection in the build. 





2.2
For the second set of graphs the RPM will be changed to 3000 RPM. The graphs will then be observed and noted and will be compared with the maximum RPM of 5700 RPM. 
[image: ]Instantly from changing the RPM value to 3000 you can see that the height graph has less oscillations. This can be easily explained, this is because the engine is running at a lower speed which means the crankshaft is rotating slower which directly affects the conrod. The distance between the crankshaft and the top of the conrod does not change but the time it takes to get from the furthest point to the nearest point is longer as the crankshaft is rotating slower. It takes 0.01 seconds for it to go from the furthest point to the nearest compared to the 5700 RPM graph which takes 0.0052, which is just under double the time. From there onwards the conrod begins to move back up towards TDC and reaches there at a time of 0.02 seconds. Compared to the 5700 RPM graph it is expected to be slower but to complete a full 4 stroke cycle it takes 0.176 seconds longer. To go from the furthest point between the crankshaft and the conrod to the nearest it takes 0.0048 seconds longer which is just under half the time again. These statistics suggest that the forces acting upon the conrod will be less as it isn’t pushed as hard to move up and down the cylinder.
[image: ]Moving onto the velocity graph a very similar pattern can be seen. Because of the decrease in RPM there are less oscillations on this graph over the same amount of time. As well as this the velocity of the conrod itself will decrease some amount too. As you can see from the graph the conrod begins to move downwards this is show by the negative velocity. Just as the original graph, it reaches the mid-point between TDC and BDC at its peak velocity but this time the conrod is travelling at -13.391 m/s which Is considerably less compared to the -25.21 m/s of the original graph. The time taken for it to reach this point has also altered. At 3000 RPM, it takes 0.004 seconds for the conrod to reach its peak velocity whereas it only took 0.002 which is half the time. From its peak velocity, it then begins to slow down towards BDC which it reaches at a time of 0.099 seconds which is 0.048 seconds slower than the max RPM setting. From BDC it starts moving upwards towards TDC. Similarly, it reaches its peak velocity midway through the cycle which reads 13.29 m/s which is slightly slower than when it moves downwards and is a lot slower than the 25.23 m/s when the engine is at max RPM of 5700.
[image: ]The Forces and Acceleration graph also has a few changes when the RPM is altered. The first thing you notice from first impressions is that there are less oscillations just as the other two graphs when the RPM changes. From the naked eye, it is evident that the acceleration and forces readings will be much lower as the maximum these go too is +4000 and -6000 whereas the original graph goes up to +15000 and down to -25000. The correlation between both values still stay the same as it is only the RPM that has changed. At 0 seconds, the conrod is travelling at -5185.75 m/s and the forces acting upon it is reading 1706.11 N. At this point it has just started slowing down and is descending towards BDC, both values cross 0 at a time of 0.039 seconds compare this to the original graph at the RPM of 5700 where they both cross 0 at 0.0082 seconds which is 0.0308 seconds faster. the peak acceleration upwards is also significantly less as it reaches only 2829.84 at a time of 0.0116 but the duration it stays at the peak acceleration is slightly longer. The forces value is also less than the original graph, at 3000 RPM the forces acting upon the conrod at peak acceleration moving upwards reads 931.017 N which is 2427.67 N less than at 5700 RPM. It is also evident that when at peak acceleration the same indent is in the graph on acceleration but it lasts slightly longer because of the engine speed, but the forces graph stays relatively constant with only minute changes.



2.3
For the third set of graphs the RPM has been reset to 5700 but the conrod length has been shortened 10mm from 134mm to 124mm.
[image: ]As you’d expect from shortening the conrod 10mm the distance between the top of the conrod and the crankshaft will change. Compared to the 174.5mm on the original graph, when the conrod has been shortened 10mm, the furthest value is 164.5mm. However, the figures on the new graph show that the closest the top of the conrod gets to the crankshaft is 83.5194 mm which is ever so slightly more than 10mm. With a shortened conrod it still takes exactly the same amount of time for the top of the conrod to go from the furthest point away from the crankshaft to the nearest which is 0.052 seconds.
[image: ]It is also evident that there are some minute changes to the velocity graph. From the starting point at 0 seconds the velocity of the conrod moving downwards is slightly higher. In the original graph, it is travelling at a velocity of -1.88m/s compared to the shortened conrod speed of -1.91051m/s which is a 0.030m/s difference. Although this is a very small difference it is still be vital information. This difference could be down to less weight in the whole component which means it won’t need as much force to move the conrod. It then begins to move downwards towards BDC and reaches its peak velocity of -25.4099m/s in comparison to the original -25.21m/s which is a 0.1999m/s difference. However, the peak velocity of both graphs happens at the same time of 0.002 seconds. The rate at which both graphs reach BDC is the same as they both cross 0m/s at 0.051 seconds. It then moves up to TDC and reaches its peak velocity at the time of 0.082 seconds and reads 25.3881m/s which is faster than the original 25.23m/s read.
[image: ]The final graph that is being observed with the shortened conrod is the Acceleration and Forces graph. At 0 the Acceleration reads -18879.8m/s and the forces read        -6211.44 N. From there it moves towards BDC at a time of 0.019 seconds. It then begins to move upwards towards TDC and reaches its peak acceleration of 10071.56m/s which is lower than the original 10208.8m/s by 137.24m/s. at the same point which is 0.038 seconds the forces acting on the conrod is 3313.543 N which is 45.147 N less than the original 3358.69 N. This is because the forces acting upon the conrod do not need to be as high as when it is longer because it weighs less and requires less effort to move up and down the cylinder. However, the small kink at the peak acceleration and forces re-occur.
2.4
For the fourth set of graphs the weight of the piston as decreased a total of 0.079 kg to 0.250 kg or 250g. The conrod length has also been reset to its original length of 134mm and the rest of the values are also at their original values. It is evident that when you change the piston weight it does not affect the distance between the top of the conrod and the crankshaft at all.
[image: ]However, it does slightly affect the velocity of the conrod. It reads on the spreadsheet that the velocity of the conrod at 0 seconds is                  -1.87547m/s which is ever so slightly slower than the -1.88m/s on the original velocity graph. The conrod carries on moving towards BDC and reaches its peak velocity of -25.2095m/s at a time of 0.002 seconds. The peak velocity is ever so slightly slower once again but it does reach it in the same amount of time. it then moves towards BDC and starts to move upwards towards TDC it reaches its peak velocity of 25.22982m/s at at time of 0.082 seconds. This is once again slightly slower than the original but occurs at the same time. This is down to the fact that because the overall weight of the piston and conrod together is less than the original it will require more force to push upwards at the same velocity against the forces trying to push it downwards when on the compression stroke.
[image: ]It is observed that on the acceleration and forces graph with a lightened piston at a time of 0 seconds the conrod is accelerating at a rate of -18537.1m/s and the forces read -4634.29N. Compared to the shortened conrod statistics there isn’t much difference in the acceleration but there is over 2000N difference between the forces. From here the conrod carries on to reach BDC at a time of 0.019 seconds this can be seen on the graph where both values cross 0. It then begins to move upwards and towards TDC. It reaches its peak acceleration of 10212.59m/s at a time 0.006 seconds. At the same point the forces read 2553.148N. compared to the original values of 10208.8m/s and 3358.69N. to compare these two sets of values you can see that the acceleration of the new lightened piston is higher than the original value however, the forces acting upon the conrod are significantly less. This is down to the fact that the piston is lighter which means that the overall amount of force required to push the conrod up and down is less than when the piston is at its original weight. It also means it requires less effort to accelerate faster.









2.4
For the fourth set of graphs the mass has been reset to its original value of 0.329 kg and the crank radius has been shortened 10mm to 30.5mm. all 3 graphs will be observed and compared to the original set of graphs and sometimes the other graphs where relevant. It is noted that the max tensile force that the conrod can withstand is 4377.729 N
[image: ]It is observed that at a time of 0 seconds the distance between the top of the conrod and the crankshaft reads 164.5mm which is 10mm shorter than the original value of 174.5mm this is expected as this change is similar to the conrod height. The closest the top of the conrod gets to the crankshaft is 103.5167mm which is just over 10mm further away than with the original crank radius. As you can see from the results of the shortened crank radius the range of the distance between the top of the conrod and the crankshaft is smaller.
[image: ]The next graph observed is the velocity graph. At 0 seconds, the graph reads that the conrod is moving down at a rate           -1.33162m/s compared to the original        -1.88m/s. it then reaches its peak velocity on the way down to BDC and it reads        -18.6571m/s at a time of 0.0022 seconds, in comparison to the original peak velocity of -25.21m/s at 0.002 seconds. From its peak velocity moving downwards it starts to slow down and go towards BDC. The conrod and piston reach BDC at a time of 0.0051you can see this on the graph as it crosses 0. It then begins to move upwards towards TDC it reaches its peak velocity moving upwards which is 18.65071m/s at a time of 0.0082 seconds, which in comparison to the original graph is a lot slower. From this data, it is evident that the velocity of the piston is less when the crank radius is reduced. This in turn makes it take longer for the conrod and piston to complete a cycle.
[image: ]The final graph that will be observed is the acceleration and forces graph. It is observed without looking at any of the figures that this graph is a lot smoother than the other sets of graphs. At 0 seconds, the graph shows that the conrod is accelerating at a rate of -13171.7m/s and there is   -4333.5 newtons acting upon the conrod. It then decelerates and reaches BDC where both values cross 0 at a time of 0.0021 seconds, and then proceeds to move upwards towards TDC. The graph shows that on its way to TDC it reaches a peak acceleration of 8390.877m/s at which point the forces acting upon the conrod read 2760.598 newtons. Compare this to the original values of 10208.8m/s and 3358.69 newtons you can see that decreasing the crank radius decreases both the acceleration and the forces acting upon the conrod. This is because there is less leverage on the conrod as the radius in which it rotates is shorter.












3.0 Conclusion
It concludes that altering certain aspects of the values of the original 1.6 litre EcoBoost engine alters the distance between the crankshaft and the top of the conrod, the velocity of the conrod as well as the acceleration and the forces acting upon the conrod respectively. Some of the changes made effected certain values a lot more dramatically than others. This report has concluded and noted down all the changes made and compared the changes to the original values.
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