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1.1 Introduction
[bookmark: _GoBack]This report will focus on the forces that an engine’s connecting rod undergoes. The engine that this report will focus on is the Honda K20A engine. From research, the engines Crank radius, Conrod length, Engine RPM and Piston mass has been found. These figures have then been put into an Excel spreadsheet which has created graphs that demonstrate the height that the piston or conrods small end can reach in relation to the crankshafts main bearing. the engines velocity and the relationship between the conrods acceleration and forces. The tensile forces exerted on the conrod should change depending on what factors are altered.
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2.1 Research/ literature review
Crankshaft radius;
It has been found that a K20A’s engine stroke is 92mm (Crower, 2018)
By halving an engine’s stroke you will know the Crankshafts radius (Colorado State University, n.d.)
[image: ] 
b = bore
s = stroke
l = connecting rod length 
a = crank radius (=1/2 s)
θ (theta) = crank angle 
TDC = top dead centre
BDC = bottom dead centre
Therefore 92 / 2 = 46
Crankshaft radius is 46mm

Figure 1 showing relationships between crank radius, conrod length and piston travel 


Connecting rod length;
Research shows that a K20A’s Conrod length from centre to centre is  5.473" which equates to 139.014mm (Crower, 2018)	

Engine RPM;
A K20A’s engine RPM and redline is 8400 RPM (TeamPacman, n.d.)

Piston mass;
A K20As standard piston mass is 303 grams/ 0.303 (Crower, 2018)



3.1Methodology
By using research from the internet and then inserting the K20A’s engines Crank radius, Conrod length, Engine RPM and Piston mass into an Excel spreadsheet we hope to find the engine’s conrods maximum tensile force, this data will be given automatically when the researched figures are entered. The spreadsheet will also give graphs on the height between the crankshaft (main bearing) and the top of the conrod (small end), the engines velocity and the correlation between acceleration and force.
These graphs will be analysed and the data originally inserted will be altered to see how the results differ when more or less tensile force is applied to the engines conrod, we will also see how the graphs are changed. In theory the conrods maximum tensile force will increase when the engines RPM is increased as a pulling force (centrifugal) will act upon the conrod, we will also see the same type of result when mass of the piston is increased. 
When the crank radius is increased the tensile force should increase as it is being pulled and pushed more from one side to another this is again down to centrifugal force.
If the length of the conrod was to be increased then you may see a slight change in the tensile forces but nothing significant.
     











4.1 Analysis
[image: ]
Figure 2 data showing standard engine RPM (8400)
[image: ]This spreadsheet represents standard engine figures. You can see that the Maximum tensile force on the conrod is 14284.56 N/m^2 (Newtons per square meter) this is the data that you would expect to see from a standard K20A engine at maximum RPM (redline)Figure 3 data showing engine RPM at 5000

This spread sheet shows that when the engine RPM is lowered to 5000 the tensile force that is applied to the conrod is lowered significantly. The graph showing height has not increased but the regularity has decreased as the engine’s rpm has lowered which means the piston goes up and down less times over that time frame. The velocity that the conrod can reach is lowered when the RPM drops due to the engines speed being lower, the regularity of the graph also decreases due to the engines speed being lower. 
[image: ][image: ]The data on the spreadsheet now shows that if you decrease the engines RPM to around abut idle (1000RPM) then the forces put upon the conrod is decreased even more, the conrod wouldn’t really experience forces lower than this. The height has still not changed but the regularity of the results has dropped further, again this is due to the amount of passes the piston makes. The velocity graph shows unexpected results when the engine is at idle (I’m not sure why these results were shown)Figure 5 data showing crank radius halved to 23mm
Figure 4 data showing engine RPM at 1000 (engine idle) 

[bookmark: _Hlk532245018]The spreadsheet now shows that when the crank radius is reduced by 50% the tensile force applied to the conrod is reduced. It is now shown that the distance (height) that the piston travels is reduced due to the crank radius being decreased.
[image: ][image: ]The spreadsheet shows that when the crank radius is increased be 50% the forces on the conrod are increased. It is now shown that the distance (height) that the piston travels is increased due to the crank radius being increased.  Figure 7 data showing conrod length when increased by 50mm
Figure 6 data showing crank radius doubled to 92mm

The spreadsheet is now showing that when the length of the conrod is increased the forces applied to it are increased. The height the piston reaches is increased due to conrod being longer but the distance between the peaks and troughs is not changed due to the crank radius remaining the same.
[image: ]Figure 8 data showing piston mass increased by 500g

The spreadsheet is now demonstrating that when the mass of the engine’s piston is increased the force put upon the conrod is increased. The height graph has not changed from how the original graph looked in figure 2 this is because piston weight will not change how much the piston moves by.











5.1 Conclusion
It was found that when certain elements of an engine’s internals (crank radius, conrod length, RPM and piston mass) are changed the ‘maximum tensile force’ that is applied to an engine’s connecting rod are changed. The findings show that when the engines RPM is raised the forces on the conrod are increased, one factor that is responsible for this is that the mass of the piston is pulling on the conrod centrifugally, this means that the force that is acting upon the conrod goes up, which therefore increases the tensile force on the conrod
The height graph demonstrates that that the engines RPM doesn’t change the height that the piston can travel but the regularity that the wave shows is changed. When the cranks radius is altered the height that the piston can reach is increased or decreased but the regularity is not changed as the engine is still at the same RPM. The graph shows that when the conrod’s length is changed the height that the piston can reach is different but the distance between the crankshafts main bearing and the conrod’s small end bearing is not changed due to the crankshaft radius remaining the same. When changing the piston mass the height graph does not change in any way as this plays no factor in the height that the piston can reach.
When studying the velocity graphs, I struggled to understand how the results could drop below zero.
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The volume of the piston cylinder can be determined as a function of crank angle from the compression ratio, the stroke, bore and connecting rod length. The geometric parameters of the piston cylinder are represented in Figure 1

™C

BDC

Figure 1. Piston Cylinder

Where:
b=bore
s = stroke

connecting rod length
2= crank radivs (= %'5)
theta = crank angle

TDC = top dead center
BDC = bottom dead center

Top dead center refers to the position of the crank shaft at an crank angle of 0°. This position is otherwise known as the clearance volume, V. At bottom dead center the crank angle is at 180 °. In this position the cylinder volume is at its maximum, V. The difference between the
‘maximum and minimum volume, V- V,, is defined as the displacement volume, V. The displacement volume can also be represented as a function of the bore and stroke:

At a given crank angle the volume s given by

8 =0 0= 180°

Figure 2. Piston Cylinder Geometry

Again using geometry, a relationship for x can be developed:





