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Figure 1: Photo of the Cosworth YB engine, photo found at www.automotivemachineservices.com (Automotive, 2011)
Figure 2: Cosworth YB conrods, photo found at www.aliexpress.com (2002) 
Figure 3: Graph showing the acceleration and forces that the conrod undergoes at maximum rpm
Figure 4: Graph showing the acceleration and forces that the conrod undergoes at maximum rpm with slightly lighter pistons
Figure 5: Graph showing the acceleration and forces a conrod undergoes whilst at its highest bottom end power and torque
Figure 6: A screen shot of the excel sheet showing the engines dimentions and values, along with the max tensile force
Figure 7: A screen shot of the excel sheet showing the engine dimentions and values, along with the max tensile force after altering the conrod length
Figure 8: Graph showing the velocity of the conrod when the engine is running at 6000 rpm
Figure 9: Graph showing the conrod velocity at 6800 rpm  

2. Introduction
This report will be a research into the ford cosworth yb engine, the research will be based on the forces that a conrod undergoes when different aspects change within the engine. The crankshaft radius, conrod length, RPM, compute time interval and the mass of the piston and gudgeon pin will be researched. After applying the figures of these components into excel the maximum tensile force on the rod will be shown, differences can also be analysed using graphs when changing some of these figures. Therefore this report will analyse the force applied on the conrod and how the force changes when different aspects change. 
3. Methodology
This report will be a research into what forces a conrod undergoes in a Cosworth YB engine, the figures that are gathered of the Cosworth YB engine will be put into excel and analysed over three different graphs which consist of the height of the conrod, the velocity of which the conrod travels at and the force that the conrod undergoes. Changes will be made to the values for example lifting the RPM higher, examination can then be made into the graphs about the changes in the height, velocity and forces that the conrod undergoes. By doing this the understanding of the differences can then be explained. 
4. Research review
The research consisted of using only internet sources to complete the report as the online sources provided current, specific information about the engine that was researched into. By using various websites the dimensions of the engine parts were compared on different websites but were consistent. Therefore, books were not required for researching into the specifications of this report. 



5. [image: Image result for cosworth yb engine]Analysis 
“The company ‘Cosworth’ was created in 1958 in a little workshop in London by Mike Costin and Keith Duckworth, relating to their surnames COStin and DuckWORTH. Both were employees of Lotus engineering ltd where most of the initial revenues came from” (Cosworth.com, 2014). Cosworth is still one of the biggest and most successful independent engine manufacturer with multiple driver and manufacturer titles in the WRC, Formula one and Moto GP. “Cosworth was bought by Ford in 1998 and from then onwards became works engine and electronics providers to the Stewart        fig 1       grand prix formula one team” (Cosworth.com, 2014).The Cosworth yb engine is a straight 4 turbocharged 2 litre with a double overhead chamshaft. “This engine has four valves per cylinder and provides 277 nm of torque at 4500 rpm and 201 bhp at 6000 rpm” (Carfolio.com, 1995). The engine was most commonly found in a Sierra Cosworth which is a classic rear wheel drive ford that was very popular in the motorsport scene in the 1980’s and 90’s, this means that most of these engines were tuned for motorsport purposes and could reach up to 500 bhp and top speed would reach up to 170 mph depending on the gearbox and differential ratios, rather than the 143 mph which was the standard engine and gearbox’s top speed.   
Cosworth YB specifications
“Crankshaft radius – 42 mm” (burtonpower.com, 2001)
“Conrod length” – 136 mm” (burtonpower.com, 2001)
“Mass of piston – 0.37 kg” (enginedynamics.com, 2017) 
“Maximum RPM – 6800 rpm” (turbosport.com, 2012)
Compute time intervals – 0.0002 seconds
[image: Image result for conrod]These are the engine specifications found to calculate the forces that the conrod undergoes when in motion.
Fig 2


The graphs below indicate the forces that the conrod undergoes under different circumstances. The Y axis represents the force in Newtons and the X axis represents the time intervals in seconds, the time intervals on the graph are noted every 0.0012 seconds therefore are very precise. On the Y axis the positive values indicate the upward stroke of the conrod and the negative values indicate the downward stroke of the conrod.     
After applying these figures into excel it shows that the maximum force that a conrod undergoes is 10282.6 Newtons, this is the maximum force a conrod will undergo because it is at its highest RPM. The graph indicates that the conrod doesn’t encounter as much force when on the upward stroke but the time interval when at peak force on the positive values, which is 5,000 newtons, is 0.036 seconds whereas the downward stroke of the conrod which are the negative values encounter 10,000 newtons but the oscillation doesn’t take as much time to come back to top dead center which is 0 force.    
[image: ]
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The graph shown underneath shows the acceleration and the force the conrod undergoes when in motion. Time S

This next graph shows that the mass of the piston has a lot of effect on the conrod force, the current mass of the piston and gudgeon pin is 0.37 kg, if this was to be lightened to 0.35 kg the max tensile force the conrod undergoes at maximum rpm would lower significantly to 9726.786 Newtons. This indicates that the conrod is under much less force because of the lighter piston and gudgeon pin. Force
N
Time S


Fig 4
This graph also indicates that the acceleration has increased a little bit therefore changing stock pistons for slighty lighter ones can make Time S
Force
N

a big difference to an engine in a motorsport/performance point of view. 
                                                                                                                                                    Fig 5
The Cosworth engine provides most torque at 4500 rpm, this graph will show how much force is on the conrod at its strongest bottom end power. Force N

The force has significantly decreased because of the change in rpm, this shows that at the peak torque of the engine the conrod is’nt under as much force as it is at its highest rpm. The force that the conrod undergoes at this stage is 4507.497 N. This proves that the conrod undergoes more strain when the engine is at its peak horse power at 6500 rpm than it does at its peak torque.Time S
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Fig 6
The photo above shows the figures that are in the equation to get the maximum tensile force on the conrod. The conrod length will now be changed to see if the force increases or decreases.
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Fig 7
These are the results of the change in conrod length, the force increases by 84 N which isn’t a big difference but it could affect the life expectancy of the engine. The conrod was shortened from 136 mm to 126 mm.

The next graph shows the velocity of the conrod at its maximum horsepower output which is 201 hp at 6000 rpm. 

This next graph shows the velocity of the conrod. The positive values on the Y axis represent the conrod going up and the negative numbers on the Y axis represent the conrod going down. The X axis is measured in seconds with 0.0002 second intervals in between the graph points.            Fig 8                            Time S

Velocity m/s
s

This graph indicates that the maximum velocity of the conrod is 28 meters per seconds and that the conrod goes from top dead centre down to bottom dead centre in 0.0049 seconds. One whole oscillation in the graph is one full turn of the crank shaft which is 360 degrees and throughout the graph the oscillations don’t change because the rpm is at a constant rate and doesn’t change. In this instance the rpm of the engine is 6000, in the next velocity graph the rpm will be raised to 6800, where the rev limiter is. 
 
Fig 9 
The graph presented is of the velocity of the conrod when the engine is running at 6800 rpm. This graph is layed out the same as the last one, Y axis being the Velocity
M/S

velocity at which the conrod travels. The positive velocity values represent the conrod on the upward stroke whereas the negavite values represent the conrod on the downward stroke. The differences between this graph and the previous velocity graph are easily seen, in this graph the velocity oscillations reach up to 32 meters per seconds, increasing the velocity 4 meters per second from 6000 rpm. The time intervals between each oscillation, time it takes from top dead centre and bottom dead centre, has also changed from 0.0049 seconds to 0.0043 seconds which indicates the engine speed has increased significantly in comparison to the difference in rpm which is only 800. 
6. Conclusion
This report was conducted to analyse the forces acting upon a conrod, by researching values of this certain engine and applying the dimentions and values into an excel spreadsheet, the forces a conrod undergoes were represented in the form of graphs. By analysing these graphs and changing the values and dimentions of the engine parts, the changes were reported and analysed therefore the report was conclusive on its findings.
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