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Abstract: 

To observe and discus the forces the connecting road under goes and how these forces change as the revolutions per minute increase then as mass, length, crank radius increases and decrease through Excel spread sheet and graphs for visualisation at the end 
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Introduction:
The purpose of this report is to observe the, mathematically theoretical, effects of forces applied to the connecting rod (Con-rod) of an internal combustion engine (I.C.E) through the use of a universally available Excel spread sheet, provide by the faculty. Observations will be made of the acceleration and force graph charting the movements and their connection to the maximum tensile force on the Con-Rod.

For this report a Honda VFR400 NC30, referred to as NC30 from this point, motorcycle engine has been selected to provide the core data to analyse. The objective is to record the maximum tensile force applied to the Con-Rod until the maximum revolutions per minute (RPM) of 16500RPM, as set by the vehicle manufacture, has been achieved.  



















Research:
What is a con-rod? Atkins and Escudier (2013, p65) say that a con-rod is a link that transfers power form the firing cylinder in a downward linear motion to a rotational movement on the crankshaft of an internal combustion engine. It comprises of a small end, which is joined to the piston via a gudgeon pin, and the big end, with a larger diameter, connecting to a crankpin of the crank shaft.  In essence Atkins and Escudier are stating that the connection rod acts as a key component in converting a chemical reaction within the cylinder head into kinetic energy. 
Dimensions of the Con-Rod and Piston, from the NC30, where physically measured (see fig.1.) using a Vernier to obtain the basic information to be entered into the Excel spread sheet. 
	Components
	mm
	Mass (g) 

	 
	 
	 

	Con Rod total 
	134
	207.4

	Centre points between big and small end
	100
	 

	Top of con-rod small end to big end upper half
	110
	141.1

	Big end lower half 
	24
	61.5

	Big end total
	43
	 

	Rod
	68
	 

	Cap bolt head
	6
	4.8

	Piston
	44
	105.9

	Combined Piston and Con-Rod
	155
	340

	Width 
	 
	 

	Rod at small end 
	13
	 

	Rod at big end
	14
	 

	Diameters 
	 
	 

	Small End internal
	15
	 

	Small end external
	20
	 

	Big end internal 
	28
	 

	Piston 
	55
	 

	Gudgeon pin 
	14
	26.7

	Depths 
	 
	 

	Small End
	14
	 

	Rod length 
	7
	 

	Big End
	16
	 


Table.1. 
Unfortunately, the crank radius measurement was unavailable, by transposing the formula to determine an engine cubic centimetre (cc) the crank radius was calculated:  
· 0.7854 x bore (cm) x bore (cm) x Crank radius (cm) x 4 = Engine cc 
· 0.7854 x 5.5 x 5.5 x A x 4 = 399cc
· 
· 4.199cm = 41.99mm. 
Methodology: 

As a starting point the engine will be set for a standard warm idle tick over, James Greed (2013) demonstrated this to be at 1500RPM, then there will be an increase of four further additional advancements of 3750RPM each. This will demonstrate the maximum tensile force applied to the Con-Rod as set by the manufacturer, an addition 1500RPM will then be applied to observe the effects on the results to determine if a higher RPM can be achieved, not considering material or valve timing limitations. 
The time sequence will be measured in increments of   or 2x10-4 of a second, this will allow an equally divided result to be examined. 



















Analysis: 

Starting at an idle tick-over of 1500RPM 
[image: ]
Chart.1.
Maximum tensile force applied to the Con-Rod is 462.2N this would be the equivalent of 47.13Kg either compressing or stretching the Con-Rod. Acceleration and Force can be observed following a symmetric line.










Increasing to 5250RPM 
[image: ]
Chart.2.
In Chart 2. The maximum tensile force is 5656.83N (576.83Kg) 
The dip in the acceleration and force is created as prolonged point at top dead centre (TDC) whilst the Big end of the conrod travels around the crankshaft. 












Increasing to 9000RPM
[image: ]
Chart.3. 
Max tensile force 16574.26N or 1690.1Kg at this point the narrowing of time can be seen at TDC. The downward acceleration can be seen to nearly double compared to acceleration. 













Increase RPM to 12750RPM
[image: ]
Chart.4.
Max tensile force 33094.09N or 3374.66Kg is applied to the Con-Rod. The delay that the piston sits at TDC is reducing as acceleration increases.













Increase RPM to 16500RPM
[image: ]
Chart.5.
Max tensile force 55026.04N or 5611.09kg
At this point the Con-Rod has reached the manufacturers pre-set maximum RPM. When collecting the total maximum tensile forces there is a distinct increase of forces as demonstrated in Chart.6. There is an 83.99% difference in tensile force applied. A gains percentage shows increase of maximum tensile force to be 11805.25% increase.
[image: ]
Chart.6.
Increase to 18000RPM 
[image: ]
Chart.7.
Max tensile force 65334.79N or 6662.3Kg 
Exceeding the pre-set RPM shows that theoretically the acceleration and force can be calculated but this does not take into consideration the limitations of either the moving parts or resilience of the selected materials selected. 











Conclusion: 
During this experiment the Con-Rod demonstrated the amount of pressure that it undergoes during the changes of required rotation. As this was calculating the maximum tensile force the data would relate to the exhaust stroke of the four-stroke cycle because it is at that moment there is a reduced amount of pressure being applied to the piston during the upward stroke whilst the exhaust valve is open and gases are exiting the firing cylinder. It would be at this sequence that the acceleration of the piston with no resistance would be transferred to the neck and bar of the Con-Rod (see Table.1. for dimensional figures) this data would aid in the selection of material to consider as Reid (1827, pg349) wrote “In every chain of reasoning, the evidence of the last conclusion can be no greater than that of the weakest link of the chain, whatever may be the strength of the rest.”




















Recommendations for further study: 

Due to restraints in time by the author a comparison of the same data to earlier and later models of the VFR400 NC30 could not be conducted nor a comparison of differing con rod designs. This would be beneficial to the competitive engine requirements of higher RPM and power machines.  
If more resources where available a research into materials for further development into understanding the material selection process would have provided illumination into the design of this specific Con-Rod
To compare the data from this theoretical report and create practical experiment to test whether the forces calculated where accurate at demonstrating maximum tensile force on the Con-Rod during exhaust stroke.
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