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Figure 1  4G63T Engine in Evo 7









Abstract
This report will look into the forces that a connecting rod inside an engine undergoes during combustion and how the variables of an engine affect them. The overall findings were that engine speed increases the force a connecting rod endures exponentially and that piston weight reduces force proportionally.
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Introduction
The aim of this report is to analyse the forces the connecting rod of a Mitsubishi 4G63 undergoes while in motion inside the engine. The forces will be analysed by manipulating the data of engine speed, mass of the piston, connecting rod length and crank radius. This will be done by various methods of visualising the data like tables and graphs.  Forces that will be analysed include the tensile and compressive forces a connecting rod endures in motion. The hypothesis is that the higher rpm the more force that the connecting rod endures. 
Connecting Rod
A connecting rod, also known as a conrod, is a component within an engine that connects the piston to the crankshaft and transfers the motion of the linear combustion into rotational energy as it functions as a lever arm. It is therefore subject to multiple forces. The end of the connecting rod that connects to the piston (small end) is connected via a piston pin, and provides a pivot point between the piston and the connecting rod. The end that connects the connecting rod to the crankshaft (big end) is connected to the rod journal. This is a pivot point between the connecting rod and the crankshaft.
Connecting rods are generally two-piece components. In which the rod cap is the removable section that provides a bearing for the rod journal. Due to the forces connecting rods undergo which require then to be lightweight and high strength, they are commonly made from micro alloyed steels, sintered materials, high grade aluminium CFRP and titanium for high-performance engines. (1. Car Dictionary Connecting Rod, 2019) (2. University of Windsor Manual Connecting Rod, 2007)
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Figure 2.1 4G63 Aftermarket Conrod




Mitsubishi 4G63 Engine
“The 4G63 engine is a member of the Mitsubishi Sirius 4G6 family firstly introduced in 1980. It is the four-cylinder 2.0-liter gasoline naturally aspirated engine (the turbocharged version is the 4G63T engine). The 4G63 is a heavily modified the G63B engine (a SOHC carburetted eight-valve version installed in different Mitsubishi models until 1986-88). This engine has a long history and it has been used in a wide range of applications (in Mitsubishi, Plymouth, Dodge, Eagle and Hyundai vehicles). There were many versions with new upgrades and different parts during the production.” (3. Motor Reviewer Mitsubishi 4G63 Engine Review, 2019) 
[image: Image result for Mitsubishi 4G63 Engine]The engine is widely renown for its racing heritage in which it helped Mitsubishi win multiple rally competitions. Specifically, the 4G63T, a 2.0 litre turbo engine and its sister engine, the bigger 2.4 litre 4G64 were the engines that are associated with the success of Mitsubishi’s rally cars (3. Motor Reviewer Mitsubishi 4G63 Engine Review, 2019) Figure 2.2 4G63 Engine


Engine Specifications
	Rod length (mm)
	Max RPM
	Piston Weight (g)
	Crank Radius (mm)

	150.00
	7600
	320
	44


(See appendix for full engine specification)


Methodology
To analyse the forces on a conrod, Microsoft Excel will be used with various equations creating tables and graphs. By manipulating data in the engine, the effects will be measured using graphs. Appendix D shows the excel spreadsheet.
1. To get a better understanding of the data when its being manipulated, the graphs will be analysed to find any correlations between the velocity, acceleration, height and force before modifying any data. The data will be collected from when the engine is running at full speed, 7600 rpm.
2. [bookmark: _GoBack]To analyse the range of forces a conrod endures while an engine is being used, the rpm will be changed in increments of 1900 rpm from 1900 to 7600 (max rpm) to see the difference between velocity, acceleration and force a conrod goes through at low and high rpms, simulating real life use.
3. To further enhance the understanding of the relation between forces. The piston weight will be modified by subtracting 5 grams in 3 increments while keeping the engine at 7600 rpm to see how the data is affected and how much more or less tensile force the conrod endures. This would show the effects of a lighter weight aftermarket piston. 














Analysis
Analysing Graph Data
Figure 3.3 Acceleration of conrod and force acting on it (7600rpm)
Figure 3.2 Velocity of conrod (7600rpm)
Figure 3.1 Height of conrod from crankshaft (7600rpm)

Analysis of Graphs
· When the conrod is at its maximum distance from the crankshaft, the conrod and piston is at the Top Dead Centre (TDC) of the up and down stroke and it’s at its lowest when it’s at Bottom Dead Centre (BDC). These numbers are 193.8723mm maximum and 106.0175mm minimum. This can be seen in figure 3.1

· When the velocity is at its maximum value. The piston and conrod is at halfway between TDC and BDC. This information is confirmed by comparing figure 3.1 and figure 3.2 which is seen in figure 4. This can be confirmed by taking the difference between the maximum and minimum values, dividing them by 2 and then adding them onto the minimum value (87.8548/2) + 106.0175=149.9449mm. One theory of this could be explained by the combustion of the fuel air mix accelerating the conrod to a maximum velocity and then when combustion is finished generating force, resistance is slowing down the conrod with forces such as friction. Furthermore, when looking at acceleration and force (figure 3.3) the value is when the piston and conrod is halfway between BDC and TDC showing the transition from acceleration to deceleration. Figure 4 Comparing Velocity and Height Graph

· Looking at figure 3.3, the negative value of the acceleration and force is far greater than the positive value. For example, the acceleration max positive value is 19848 m/s^2 and the max negative value -35756.7 m/s^2. Comparing this to the velocity in which the value 0 is the middle value between the max positive and max negative value, -36 and +36. The acceleration and force also have a trend that the other measurements do not have in which the acceleration becomes constant momentarily at the peak. 




Engine Speed AnalysisFigure 5.1 Engine Speed Analysis Table

	Engine Speed (RPM)
	1900
	3800
	5700
	7600

	Max Velocity (m/s) 
	9.123448

	18.24544

	27.34834

	36.42389

	Max Acceleration (m/s^2) 
	-2249.45

	-9003.46

	-20204.7

	-35756.7


	Max Tensile Force (N)
	719.825
	2881.11
	6470.47
	11494.38



Velocity 
Looking at figure 5.1, the velocity of the conrod can be seen to change in a linear fashion which is the same multiple of 4 as the change in rpm. 1900 x 4 = 7600 and 9.123 x 4 = 36.492. This finding has little effect on the conrod as the change in velocity is directly correlated to the change in engine speed. 
Acceleration and Tensile Force
Looking at figure 5.2, the acceleration changes in an exponential fashion. When the engine speed is multiplied by 4, the acceleration multiplies by 16 times. This means that the force is increased at this rate also. Because force is calculated by the equation mass x acceleration (f=ma) where the mass is constant. This, however does have an effect on the conrod where the force it has to withstand increases exponentially with the engine speed. 








Piston Weight AnalysisFigure 5.2 Piston Weight Analysis Table

	Piston Weight (g)
	320
	315
	310
	305

	Max Velocity (m/s) 
	36.42389
	36.42389

	36.42389

	36.42389


	Max Acceleration (m/s^2) 
	-35756.7

	-35756.7

	-35756.7

	-35756.7


	Max Tensile Force (N)
	11494.38

	11314.78

	11135.18

	10955.58




Velocity 
The velocity does not change depending on the weight of the piston. This means that changing the weight of a piston will not change the rpm 
Acceleration and Tensile Force
The acceleration has not been affected. The force, however has been affected. It has been reduced as the piston mass has been reduced. This means that the engine will be able to run at a higher rpm because the piston and conrod endures less force when it is lighter. When the piston weight is reduced from 320g to 315g it is a 4.69% decrease in mass. The max tensile force is also reduced by 4.69%. This means that the percentage decrease in mass of the piston also decreases the force by the same percentage, allowing for an engine to achieve higher rpm. 






Conclusion
In conclusion, the connecting rod is subject to force that can be increased and decreased, in this report, by changing variables in an engine using the excel spreadsheet to simulate real world forces. Forces that are analysed are engine speed and piston weight. The findings were that engine speed increases the force exponentially and piston weight decreases the force proportionally. By combining this analysis one observation is that to increase engine speed (rpm) without increasing the force so much that a failure could happen in the engine the piston weight can be reduced to reduce the amount force the conrod endures. 
Recommendations for further study
It would be recommended to improve this report, to further look into the graphs of acceleration and force to analyse why the line has a constant element to it and why the negative value is greater than the positive value. It would also be recommended to analyse more variables like crank radius and conrod length, however when applying this to then real world 4G63 engine changing the conrod and crank radius length would require a whole engine redesign. 
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4G63 / 4G64 - Turbo Tuff Design

2618 high strength material
2250 250" wall 8310 alloy pin included PIN 42552
Pressure balance groove

Will accommodate +1mm valve sizes

Veriical Gas Ports designed for high HP Race Engines
Premium Steel top fings with Napier seconds and round
wire locks included

Recommended piston clearance .0035" measured 1.100"
from the botiom of the ofl ring

* Increased Deck
Thickness

* Vertical Gas Ports

* Increased Thickness
Below Pin

in Piers Machined
To Accept Aluminum
or Steel Rods
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4G63 / 4G64 - Turbo Tuff Design

2618 high strength material
2250 250" wall 8310 alloy pin included PIN 42552
Pressure balance groove

Will accommodate +1mm valve sizes

Veriical Gas Ports designed for high HP Race Engines
Premium Steel top fings with Napier seconds and round
wire locks included

Recommended piston clearance .0035" measured 1.100"
from the botiom of the ofl ring
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