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[bookmark: _Toc3623680]Introduction

The component that has been selected to be redesigned is the gudgeon pin from the Ford fox 1L internal combustion engine. The pin attaches the piston to the connecting rod and provides a bearing for the connecting rod to pivot upon as the piston moves. The pin experiences large bending forces due to the net force acting on the piston, the maximum stress occurs during combustion at high RPM values, for the purpose of this report cylinder pressure data at 6000 RPM has been used, with the mass of the piston and gudgeon pin being used for the purpose of including inertia forces. The aim of this design iteration is to increase reliability by reducing and maintaining a constant bending stress across the component. 
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The overall resultant stress ‘’ in the gudgeon pin is shown in Equation 1 where bending stress ‘σb’ and shear stress ‘τ’ are accounted for. The shear stress in the pin is largely negligible when compared to the magnitude of the bending stress, this is due to the small end of the connecting rod having a smaller width at the top when compared to the bottom of the small end as shown in Figure 1, reducing shear stress. Bending stress of an annulus is shown in Equations 2 & 3 where the bending moment ‘M’, distance to neutral axis ‘Y’ and second moment of area ‘I’ are required.
Fnet
Figure 1
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Equation 2			

Equation 3			
 
The bending moment is variable across the length of the pin, therefore the bending stress is more prevalent closer to the connecting rod due to the larger bending arm that is created by the greater distance to the force acting on the end on the pin from the piston. The equation used to calculate the bending stress of an annular includes the second moment of area, which in turn has terms for both the internal and external diameters, if the equation is transposed for the internal diameter ‘d’ it would then be possible to maintain a constant bending stress at every point on the pin that sticks out from the connecting rod by calculating the required internal diameter for a given outer diameter ‘D’ and force ‘FNet’. The force used to obtain results from these calculations was taken from the maximum cylinder pressure and cylinder bore area, it should be noted that the overall force used is halved because the new diameter is being calculated for one side and then mirrored.

Due to the high engine speeds that will be experienced, the inertia forces are considerable and must be accounted for. In order to accurately do so for each section of the pin, the volume and therefore mass and centre of gravity of the material up to each section must be calculated. The original profile of one half of the pin is shown in Figure 2, if only the tapered section is considered then it can be said that the internal volume is a truncated cone. To find the volume at each section of the pin, the volume of the cylinder that would be present if the pin was not hollow is calculated and then the volume of the truncated cone is calculated and subtracted from the cylinder volume, as shown in Equations 4-6. The ‘r1’ & ‘r2’ terms in the ‘Vcone’ equation refer to the internal diameter at both sides of the taper. Equations 6-9 show how this is then used to find the inertia force of the pin, the inertia of the piston is also added and is illustrated in Equations 10-11. The total inertia force is then subtracted from half of the gas force which then leaves a net force ‘Fnet’ for use to find the new internal diameter of one side of the pin.Figure 2
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Equation 12				

Equation 13				

Equation 14				

Equation 15				

Equation 16				
Equations 12 to 16 show the steps taken to transpose the bending stress equation for annular sections for the internal diameter. Once complete, the author set out to create both an excel file and Matlab script to calculate the new internal diameter. Figures 3 & 4 show the completed excel file with an image of the original pin dimensions for the section that sticks out from the connecting rod, although the Matlab script proved to be a much faster and accurate approach, the full code can be found in the appendix of this document.Figure 3

Figure 4


Figure 5 shows a comparison of the original internal diameter to the newly calculated diameter, the latter has some curvature compared to the original straight taper, a surprising result was the overall decrease in diameter in order to maintain a stress that is one third of the overall pin UTS. This suggests that ford are running a low factor of safety on this component, this means that to achieve the desired outcome that was previously set out, there would be a significant increase in reciprocating mass which would likely require balancing at the crankshaft to reduce any unwanted vibrations. It should be noted that although the shear stress is negligible in this case, the inclusion of it and furthermore the resultant stress would change the profile of the pin although for the purpose of this document it was concluded that the overall resultant stress not be considered. Figure 6 shows the resultant pin design whose internal diameter profile was taken from the previously discussed Matlab script and imported along with the relevant X & Z positions through the curves tool in Solidworks.Figure 6
Figure 5
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[bookmark: _GoBack]The overall reduction and consistency in bending stress within this component has been achieved through calculating the ideal internal diameter to maintain an even stress. It should be noted that there is an overall increase in mass to this new iteration and therefore a small increase in inertia force has occurred although this will have negligible effects when compared to the bending stress due to the gas force from the cylinder. The challenging areas of this design iteration include the calculation of the volume sticking out at any point for the original pin, in order to do so the volume for a truncated cone was calculated and subtracted from the overall cylinder volume, once done it was then possible the find the mass and centre of gravity of the section of the pin that is outside of the connecting rod to find the inertia force present within the component. Further improvements could be achieved in a further iteration which would involve transposing the resultant stress equation for the internal diameter of the pin. 
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clc
clear
%Constants
Stroke = 0.082;
Throw = Stroke/2;
L = .137;
Mpis = 0.22;
RPM = 6500;
rads = RPM/60*(2*pi());
Fnet = 32655.64;
UTS = 1200;
Rho = 7800;
Lp = .0469;
R = 0.01;
D = 0.02;
a = .0023;
b = .00425;
%Calculate Arrays
LengthInOut = (0:0.0001:0.01555)';
LengthOutIn = flip(LengthInOut);
r = R-((0.01834+LengthOutIn)*sind(7.15));
r2 = r(2:end);
d = r*2;
AreaOut = ((a+b)*LengthInOut)/2;
VolumeOut = (pi()*R^2*LengthOutIn(2:end))-(1/3*pi()*(r(1)^2+r2*r(1)+r2.^2).*LengthOutIn(2:end));
MassOut = VolumeOut*Rho;
XcogOut = MassOut.*LengthOutIn(2:end);
SecMOI = (pi()/64)*((D*1000)^4-((d*1000).^4));
iPin = MassOut*Throw*rads^2*(1+(Throw/L));
iPis = (Mpis*Throw*rads^2*(1+(Throw/L)))/2;
BenMom = ((Fnet/2).*(15.55-(LengthOutIn(2:end)*1000)))+(iPin.*(XcogOut*1000));
BenStress = (BenMom*10)./SecMOI(2:end);
ShearForce = (Fnet/2)-iPin;
ShearStress = Fnet./((pi()/4).*((D*1000)^2-((d(1:end-1)*1000)).^2));
MaxResStress = sqrt((BenStress).^2+(ShearStress*2).^2);
MeanBenStress = mean(BenStress);
MeanShearStress = mean(ShearStress);
[bookmark: _Hlk3624890]%New Internal Diameter
BendingNewD = real((D^4-((BenMom.*D.*32)./(MeanBenStress*pi))).^0.25);
ShearNewD = sqrt((D*1000)^2-Fnet.*(4./(MeanShearStress*pi)));
%Plot Results
figure;plot(LengthInOut(2:end),BendingNewD);
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