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Abstract

The purpose of this report is to investigate the forces acting on a connecting rod.  The report comprises of a brief explanation of how a conrod operates as a component within an internal combustion engine and presents a description of the connecting components.  It will also state examples of design aspects, materials used and the manufacturing processes to give a greater understanding of the attributes required of the component.  Finally using a ‘Force Indication Spreadsheet’, the report investigates the change in forces when engine characteristics are altered, and a conclusion is drawn from the findings. 
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1 - Introduction


The connecting rod (CR), also referred to as the con rod, is an integral component of any internal combustion engine (ICE).  The CR enables the conversion of the pistons reciprocating force into rotational force used to turn crank in a process referred to as the combustion cycle, commonly described in order as; Intake, Compression, Power and Exhaust, as per figure 1. 
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[bookmark: _Hlk24301004][bookmark: _Hlk24301005]Figure 1: Four – Stroke Internal Combustion Engine (Shaikmoin Word Press 2013)



The main purpose of the report is to investigate and explain the forces acting on a connecting rod in the combustion process of an operating engine.  Furthermore, it will consider how the forces present are affected by changes in engine speed and will also investigate how altering piston mass, conrod length and crank radius influence the forces in operation.




2 - Research/ literature review 


Originally connecting rods were used in water mills which operate in reverse to the internal combustion engine.  Water mills converted the rotational force emitted by the hydro powered water wheel into reciprocating force used for example, to cut wood in the case of a sawmill.  Connecting rods were required to transmit the forces between the waterwheel and the saw to enable the mills operation.
The CR is the component that transmits the compressive and tensile forces from the piston to the crankshaft.  The ‘Small End’ of the CR mates with the piston using a gudgen pin.  This enables the piston to swivel and allows the angle between the piston and conrod to change while the piston oscillates within the cylinder during the combustion process.  The CR’s ‘Big End’ attaches to the crank pins on the camshaft and are separated with plain bearings which allows the pumping of oil between the surfaces to create a continual film in order to reduce friction as the connecting rod rotates around the crank.
The oil flow in the plain bearing is enabled by a small hole in the surface of the material.  As well as lubricating the bearing this feature also forces oil onto the cylinder to reduce friction between the piston rings and the cylinder wall during the combustion process.
Con rods can be subjected to tensile stresses of up to 20 MPa (mega pascals) in an ICE.  This can result in failures such as fatigue cracks in the weaker layers of material.  To prevent this, it is vital to ensure the component is correctly designed and manufactured.
As connecting rods must withstand high tensile, compressive and shearing forces and are required to be as light as possible to prevent bearing failure, they most commonly have an I-Beam structure due to the design’s impressive strength to weight ratio. 
Materials most commonly used for connecting rods are carbon or alloy steels and are manufactured through forging with heat treatment and precision machining.  Carbon steel is used for connecting rods in systems that do not produce a great load whereas high-performance applications mainly use alloy steels as they provide greater strength properties for the same dimensions (Naga Malleshwara Rao, 2013, p. 225)
The heat treatment process creates a decarbonised layer around the component that is proportional to the components mass, therefore, if the connecting rod were to weigh 50 kg, the decarbonised layer would be approximately .5 mm thick.  It is imperative for the components structural rigidity that this layer is removed before it is machined to the correct dimensions.
Other materials utilised for conrod manufacture also include; magnesium or aluminium alloys which can have up to 25% less mass than steel components of the same dimensions.  Also, Titanium is employed for some high-performance applications, mainly turbocharged engines, due to its superior fatigue properties and its density being half that of steel.  Titanium connecting rods are ideal for weight saving which and help to increase acceleration, however they have a lesser wear resistance and can be detrimental to balancing due to the reduction in inertia.

The forces acting on the connecting rod during the combustion process occur as follows:                 (Shenoy, P.S. and Fatemi, A., 2006)
Upon the commencing of the intake stroke the crank rotates and pulls the piston down to bottom dead centre (BDC) which induces a tensile force on the connecting rod.
When the piston rises to the top of the cylinder in the compression stroke, the connecting rod experiences two opposing forces in the same instance.  Upward forces are caused due to the inertia from the crankshaft and downward forces occur as the piston rises and compresses the gasses in the cylinder.  This subjects the connecting rod to compressive loads.
In the beginning of the power stroke, once the fuel and air mixture has ignited, the gasses in the cylinder expand and the piston is forced down inducing a compressive force on the connecting rod before the piston begins to gain momentum.  
During the exhaust stroke, as the piston returns to top dead centre (TDC), there is very little compressive force as the exhaust valve is open and the expended gasses are released, however,  as the intake stroke begins the inertia from the crankshaft causes a tensile load on the connecting rod as the piston is pulled down.
During the combustion process, the connecting rod is also subjected to shearing forces which relate to the angle between the crank pin and piston and the action of the compressive and tensile loads on the con rod, therefore, the shear stress increases as the angle increases.



Zammit, S.J. describes the forces in question as follows:                                                                                            
(Zammit, S.J. (1987), pp. 74-75 & 90)
Tensile stress occurs when a material is subjected to an external pull, and therefore is subjected to a tensile force and has a tensile strength opposing.  
Described by the formula:	 
Compressive stress occurs when a material is subjected to an external thrust, and therefore is subjected to compressive load with compressive strength opposing.
Described by the formula:	
Compressive and tensile forces are both referred to as direct or normal stresses due to the forces line of action and the cross-sectional area are at right angles to one another in both cases, therefore the formulas are very similar.
Shear stress occurs when materials are subjected to opposing parallel forces.  At point of fracture, the two pieces of material wile slide past one another forming a clean break.
Described by the formula: 	
Shear modulus is a constant, for example, mild steel has a shear modulus (modulus of rigidity) of 80 GPa (Giga Pascals).









3 - Methodology 


The aim of this report is to show how the forces acting on a CR in an engine can be affected by changes to the crank radius, con rod length and piston mass.  The required details of this engine have been input into a force calculation spreadsheet and will be manipulated to show how the characteristics change.  
The engine in question is the K20A used by Honda for their Civic Type R, built in Swindon for the Japanese Domestic Market.  This engine boasted a power output of 212 hp with 149 ft-lb of torque and a rev limit of 8400 rpm.  This engine was also used in the Accord and the Integra with very subtle differences.
K20A Specifications: 	Crank Radius - 43 mm		
			Conrod Length - 138.98 mm  
			Mass of Piston Assembly - .598 kg 
Start by inputting these base specifications into the chart and change the engine speed to see how it effects the forces acting on the conrod.  Commencing with idle speed at 1000 rpm, increasing to 4000rpm and then finishing with 8000 rpm, as the engines rotational velocity is increased the forces should increase as per the formula for Force;   (force equals mass times acceleration).
Then looking at the crank radius at our specification of 43mm and changing such to a smaller measurement and then a greater measurement to assess how this affects the forces.  When the crank radius is increased, it will increase the throw and subsequently will increase the force acting on the conrod due to the greater angle between the conrod and the piston and the increased inertia.  Similarly, when the crank radius is decreased the throw will be smaller and there will be less forces acting on the CR. 
Looking at changes to conrod length the calculations show that the forces acting on the CR increase as the conrod size is decreased and decrease when the length of the rod is increased.
Finally paying attention to the pistons mass shows that as per the equation for force, when the mass is increased the force on the conrod is much greater.  


4 - Analysis

Setting 1: K20A engine with an engine speed at 1000 rpm.
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 [image: ][bookmark: _Hlk24301018][bookmark: _Hlk24301019]Figure 2: Forces Acting on a Connecting Rod Graph (K20A, 1000 rpm)


Figure 2. shows the max tensile force to be relatively small as the engine speed is low.  Figure … plots the relation between the acceleration of the piston and the force applied to the conrod.  As the engine speed is increased the frequency and magnitude will also increase will stay parallel as per the graph.








Setting 2: K20A engine with an engine speed at 4000 rpm.
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[bookmark: _Hlk24301027][bookmark: _Hlk24301028]Figure 3: Forces Acting on a Connecting Rod Graph (K20A, 4000 rpm)


Figure 3. shows a much greater tensile force as a result of the formula for force.  The graph shows a greater frequency and that when engine speed is increased, the acceleration and force increase in unison.











Setting 3: K20A engine with an engine speed at 8000 rpm.
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[image: ][bookmark: _Hlk24301037][bookmark: _Hlk24301038]Figure 4: Forces Acting on a Connecting Rod Graph (K20A, 8000 rpm)


The final reading on figure 4. shows a greatly increased tensile force.  The graph also shows a greater acceleration and force and that without any changes other than engine speed, they sill act in unison.












Setting 4: K20A engine with an engine speed at 4000 rpm and a greater crank radius.
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[image: ][bookmark: _Hlk24301044][bookmark: _Hlk24301045]Figure 5: Forces Acting on a Connecting Rod Graph (K20A, 4000 rpm, greater crank radius)


Figure 5. shows that with the greater crank radius the tensile force has nearly doubled from the previous setting at 4000 rpm.  Although the graph shows that the force and acceleration still act unison, there is a moment when the piston reaches the top of the stroke that the acceleration and force drop and raise before the piston drops in the cylinder.  This is seen in the previous settings but at a smaller magnitude.  









Setting 5: K20A engine with an engine speed at 4000 rpm and a lesser crank radius.
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[image: ][bookmark: _Hlk24301081][bookmark: _Hlk24301082]Figure 6: Forces Acting on a Connecting Rod Graph (K20A, 4000 rpm, lesser crank radius)


Figure 6. shows that the tensile force has reduced greatly with the reduction in crankshaft radius.  Also, the graph shows a much cleaner transition in force and acceleration between the rising and falling of the piston.  











Setting 6: K20A engine with an engine speed at 4000 rpm and a larger conrod length.
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[image: ][bookmark: _Hlk24301093][bookmark: _Hlk24301094]Figure 7: Forces Acting on a Connecting Rod Graph (K20A, 4000 rpm, larger conrod length)


Figure 7 shows that when the conrod length is increased the tensile forces decrease very slightly.  The graph shows that the acceleration has increased slightly over setting 2 and the transition between the piston raising and falling is smooth.











Setting 7: K20A engine with an engine speed at 4000 rpm and a smaller conrod length.
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[image: ][bookmark: _Hlk24301100][bookmark: _Hlk24301101]Figure 8: Forces Acting on a Connecting Rod Graph (K20A, 4000 rpm, smaller conrod length)


Figure 8. Shows that as the connecting rod length is reduced the tensile forces are increased marginally.  Also, the graph shows that there is a drop in acceleration and force between the piston rising and falling in the cylinder.











Setting 8: K20A engine with an engine speed at 4000 rpm and a greater piston assembly mass.

[image: ]
[image: ][bookmark: _Hlk24301106][bookmark: _Hlk24301107]Figure 9: Forces Acting on a Connecting Rod Graph (K20A, 4000 rpm, greater piston assembly mass)



Figure 9. states that as the mass is increased the tensile force increases as per the formula for force.  The graph shows that as the mass is increased separation between force and acceleration have diminished as the piston’s acceleration has not increased.










Setting 9: K20A engine with an engine speed at 4000 rpm and a lesser piston assembly mass.
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[image: ][bookmark: _Hlk24301113][bookmark: _Hlk24301114]Figure 10: Forces Acting on a Connecting Rod Graph (K20A, 4000 rpm, lesser piston assembly mass)



Finally figure 10. shows a reduced tensile force as the mass has been reduced.  The graph shows the acceleration has not differed however the gap between acceleration and force has increased greatly.





5 - Conclusion

The findings from the data and graphs show that, engine speed directly corelates to force, as the engine speed increases the acceleration of the piston increases and in turn the force on the conrod becomes greater.  Changes to the crank radius, and conrod length do influence the force to which the conrod is subjected but the greatest difference in force comes when changing the mass of the piston assembly.
The findings in this report have shown the importance and relevance of the formula for ‘Force’ (Force = Mass x Acceleration) when researching the forces acting on the conrod and investigating the best 
The inertial force of the reciprocating mass generates a tensile load which is proportional to the product of the piston assembly weight, reciprocating mass of the conrod and square of the rotational velocity and is greater than the compressive force above a certain rotational speed (Science Direct, 2017). 
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Crank Radius (mm) 43 mm

Conrod Length (mm) 138.98 mm
RPM 000pm o 104.7198
Compute Time Interval 0.0002

Mass of Piston/gudgeonpin etc (kg) 0.598 [Max tensile force on rod 369.076]
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Crank Radius (mm) 43 mm

Conrod Length (mm) 138.98 mm
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Compute Time Interval 0.0002

Mass of Piston/gudgeonpin etc (kg) 0.598 [Max tensile force on rod 5902.03]
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Crank Radius (mm) 25 mm

Conrod Length (mm) 138.98 mm
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Compute Time Interval 0.0002

Mass of Piston/gudgeonpin etc (kg) 0.598 [Max tensile force on rod 3092.364]
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Crank Radius (mm) 43 mm

Conrod Length (mm) 170 mm
RPM 4000rm o 218.879
Compute Time Interval 0.0002

Mass of Piston/gudgeonpin etc (kg) 0598 [Max tensile force on rod 5647.803
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Crank Radius (mm) 43 mm

Conrod Length (mm) 120 mm
RPM 4000rm o 218.879
Compute Time Interval 0.0002

Mass of Piston/gudgeonpin etc (kg) 0.598 [Max tensile force on rod 6122.437)
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Conrod Length (mm) 138.98 mm
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Conrod Length (mm) 138.98 mm
RPM 4000rm o 218.879
Compute Time Interval 0.0002

Mass of Piston/gudgeonpin etc (kg) 04 [Max tensile force on rod 3947.846]
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