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Abstract.

In this report an investigation will take place on what forces a conrod (connecting rod) goes through while running. This will be done with the use of thorough research and graphs and figures to back the statements during this report. I will be using the example of the Ford Cosworth DFV engine used in Formula One during the 70’s and 80’s Era. 
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Introduction.

As stated in the abstract, I will be looking on how an engine and its performance can affect the forces that effect on its connecting rod when running. The engine used for this report will be the Ford Cosworth DFV which was used and competed in the sport of Formula One from by various teams, from the years 0f 1967 to 1983. Ford Cosworth have won 176 Grand Prix in the history with the many of them won with the legendary Cosworth DFV. This engine dominated F1 racing for a long time, with 12 of the 15 driver’s titles and 10 constructor titles between 1968 and 1982. (1.1) Even having two seasons during this period where the engine had won every race of the season. These came during the 1969 and 1973 seasons. (fig.1, fig.2) Cosworth had sold they’re engines to multiple customers during this time. With the Most successful partnerships coming with, McLaren, Tyrell, Matra, Lotus, and Williams who had all won constructors championships with the engine. Cosworth also supplied smaller teams during this era as they offered the best value for money that went teams such as Arrows, Ligier, Hesketh and many others. Another remarkable thing about the engine other than it obvious performance advantage was that it was also cost effective compared to run at the time of it competing. After it was announced in 1967 that the Cosworth engine was available for teams to purchase and use for their cars for a reasonable price of £7,500 at 1967 prices. This was jumped on buy French team Matra headed by Ken Tyrell with Jackie Steward as a driver. This would be followed by a golden age for the sport where teams big and small could buy and engine which was competitive, light, compact and easy to work with. (1.5)    


Research/Literature review. 

The background of Ford Cosworth “Ford Cosworth-engined cars won 176 GPs, many of them with the legendary Cosworth DFV engine, which dominated F1 racing for a long time. 12 of the 15 driver and 10 constructor world titles between 1968 and 1982 were won by drivers with Ford Cosworth engines, 131 pole positions.”(1.1) Cosworth began to run engines in Formula One from 1963 with the DFV being developed by Keith Duckworth in 1966 on the behalf of the Ford Motor company.  The iconic Colin Chapman was looking to find a new power source for his new Lotus car to run and approached Keith Duckworth who has previously did some modifications for junior formulas.  “A V-8 configuration was selected and initial opinion questioned whether Ford was out of it league. Most observers felt that a 12 cylinder engine would be bare minimum required for the 3 liter Formula and BRM continued with their 16 but the 8 cylinder had many adherents back in Detroit. Colin Chapman was also in favour of a v8 which could be made smaller and lighter. Like the previous year’s Type 43 the new car would have a monocoque chassis where the engine served as a stressed member. Designed by Maurice Phillippe to work hand in hand with the new engine the Lotus 49 was kept as simple as possible. The main connection between the engine and the chassis was via two bolts spaced 9 inches apart at the bottom of the monocoque with additional connections at the reinforced cam covers.” (1.6) It was thanks to this approach of building the car around the engine which led to Lotus’ success in the following seasons winning multiple races in 1967 and the constructors title in 1968. This shows us how important the engine is in having a cars overall performance on track as it was stated that the car development wasn’t as hard pushed as others may had been. 

During this era of formula one there was definitely an emphasis on engine performance as technology was still developing and the engine had a lot of room for improvements.  “In the 1960s, the 1.5 liter NA(naturally aspirated) formula was deemed to be not powerful enough, and the swept volume was doubled in 1966, thereby doubling power.” (1.8) 
Conrods are an integral part of any engine whether it be high performance or a small day to day runner. They are used to link the pistons and crankshafts. “The weight of the rods is important because it affects the reciprocating forces inside the engine. Lighter is usually better because less weight means faster throttle response and acceleration. But strength is even more important. Connecting rods have to be stout enough to handle all the horsepower the engine can make, and be strong enough to withstand the tension forces that try to pull the rod apart when the piston hits at TDC on the exhaust stroke than at any other point in its travels. Consequently, piston weight and maximum engine rpm are more important factors to consider than how much power the engine will make when selecting a set of rods.”(1.9) the material used for these rods is very important as the engine builder will want to use a material that is both lightweight and strong enough to absorb the forces and strains put onto it. Some of the most commonly used materials are steel which is used for most regular road cars as it is a relatively cheap material but is not a good option for a performance vehicle. Titanium is used in high performance engines because it is light and strong but also comes at a higher price. Aluminium alloys are another alternative as it is a light and can absorb high impact but is let down by its lack of durability. The Cosworth DFV used forged steel (1.2) this was probably due to its reliability and Cosworth were not working with the biggest budget at the time. 

With some of the high forces a Conrod goes through it is not surprising that they are prone to failures. There are multiple reasons why these failures can occur, fatigue being one of the main causes of a failure. Typically this is on older aged engines which is a key reason why high performance engines will go through many rebuilds during its time. “The constant compression during the power stroke and stretching during the exhaust stoke, over thousands of times a minute, eventually wears the metal out and it becomes brittle and finally breaks.” (2.0) this process can sped up by running with low or dirty oil, or running the engine to hot causing the wearing process to accelerate. Another reason for a failure can be a gudgeon pin failure. “If this pin snaps the connecting rod is no longer connected to the engine. For some engines this results in catastrophic engine failure”. (2.0) for high performance engines over revving is the main cause of connecting rod failures. “If the tachometer hits the red—even briefly –the connection rods are in danger of breaking. This is because the forces acting on a connecting rod increase dramatically at high revolutions. It does not matter if the tachometer is going into the red because the car is traveling at a high speed, is going too fast in a low gear or is simply going too fast because the accelerator is pressed too far while the car is in neutral—the stress is simply too high at extremely high RPMs”. (2.0) this is a key reason as to why a highly skilled driver should be used for high level motorsport as they would be less likely to damage engines in this way and provide the team a higher repair bill and man hours used to repair any damages done.     





Methodology.

For this report an excel spreadsheet will be used to look at how the Cosworth DFV performs in regards to its Crank radius, Conrod Length, RPM and the Mass of the piston. Experimentation will be done to take notice of the tensile and compressive forces that the rod goes through. These figures can include changes in RPM for example. Graphs will also be used to support the reports analysis. 

















Analysis.

Using the specifications of the DFV engine (1.2) the relevant values will be entered to a corresponding spread sheet and will also produce a graph for them.   
Looking the specifications found on the 1968 (fig.3) engine which produces a velocity which fluctuates from -30 to 30 mm/s at each stroke. This is due to the forces put through it by the amount of RPM that the engine produces. This is shown as when the RPM is changed from 9000 to 1200 (fig.4) there is an increase in the stroke fluctuations which now produce from around -43 to 43 mm/s. 
(fig.3)






(fig.4)







The RPM on the engine also has a big effect on the acceleration and the force that goes on the engine. If we compare the next two graphs we see that there is a big spike in acceleration which goes from around 22000 (fig.5) to roughly 40000 (fig.6) which is a big increase. This occurs as the engines parts are revolving faster for longer giving lower gears more time to build up in speed. This also correlates to the force that the engine has undergone. With the increase of how hard the engine is running the parts go under more strain, this example shows a change from around 8500 to roughly 17000 which is a dramatic increase. 
(fig.5)







(fig.6)







The mass of the conrod only has an effect on the forces that go through the engine. This is because mass only measures weight and does not account for any changes in state, on the first graph (fig.7) the mass is 0.38 kg (1968 spec) which produces a force of around 8500. When the mass gets increases to 0.70 kg the force increases to around 15000 (fig.8). This shows why a lighter material would be beneficial to use one the conrod as a heaver one would put unnecessary risk of a failure while the engine is running.  
(fig.7)








(fig.8)








The length of the conrod also effects the force and acceleration on the engine. On the DFV the acceleration is at 22000 and the force at 8500 (fig.9). When the conrod length is changed from 132.842mm to 180mm (fig.10) the acceleration is increased to 24000 and force is also increased to 9900.
 (fig.11)
 








(fig.12)









The crank radius on the conrod has an effect on the height (distance between top of conrod and crankshaft) the DFV spec (fig.13) goes from 100 to 163. When the radius gets increased to 50.4mm (fig.14) the range goes from 80 to 181 as the gap for the connrod to go up and down gets increased. 

(fig.13)






(fig.14)











Conclusion. 
Look at the graphs that were produced It has been established that when developing and engine it is important to be balanced when your building an engine with regard to the forces put through the conrod. The best example of this is on fig.7 and fig.8 which shows what an increase in mass does to the engines performance. Not only does it increase the likely hood of wear on the conrod which can lead to a potential failure but can also slow down the car as extra unneeded weight is could potentially slow the car down. When an engine has more RPM it has a higher velocity and an acceleration increase. This gives a definite increase in performance as with a higher RPM the engine can send more power through the rod and even get off the line quicker as it has extra power to reach before gear changes. However having too much RPM can have a negative effect on the conrods forces as there would be an increase in vibrations which in turn increase the force put on the rod as seen in fig.6. The conrods length also had an effect on both the acceleration and force, this is because with a longer rod more pressure is put into it meaning the strain goes up and a bigger risk of damage through it bending or vibrating too much. This does lead to an increase in performance however as seen in fig.12 the acceleration has a higher peak which intern means that the engine is producing more power overall. These would have all been factors that Keith Duckworth would have had to take into account when he was developing the DFV. Looking at the fig.5,7 and 11 which are all the DFVs 1968 specs it shows that the acceleration to forces ratio is very well balance with limited force put onto the conrod with a competitive amount of acceleration (performance) which was one of the key reasons why it was so successful as it was both reliable and quick during that era of Formula One.  
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1569 RACE RESULTS

South Africa 01Mar 1969 Jackie Stewart MATRA FORD 0 1:50:39.100
Spain 04 May 1969 Jackie Stewart MATRA FORD %0 216553990
Monaco 18 May 1969 Graham Hill LoTus FoRD. 0 1:56:59.400
Netherlands 211un 1969 Jackie Stewart MATRA FORD %0 20642080
France 061011969 Jackie Stewart MATRA FORD Y 1:56:47.400
Great Britain 19ul 1969 Jackie Stewart MATRA FORD HA 1:55:55.600
Germany 03 nug 1969 Jacky Icox BRABHAM FORD % 1:49:55.400
ttaly 07 5ep 1969 Jackie Stewart MATRA FORD 68 1:39:11.260
Canada 205ep 1969 Jacky Icox BRABHAM FORD %0 1:59:25.700
United States 050ct 1969 Jochen Rindt LoTus FoRD 108 1:57:56.840

Mexico 19.0ct 1969 Denny Hulme MCLAREN FORD 65 1:54:08.800





