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Con-Rod 
Acceleration, Forces, Displacements 

 

Introduction 
 
All the calculations and analysis are comparing the information calculated for a Ford Sigma 

1.6L production engine and for a modified engine which simulates a turbo being added as 

well as a higher RPM range.  

To see all the calculations carried out for each RPM, see Appendix A (and Appendix B for 

the formulas used). I repeated this for RPM values 1000, 1500, 1700, 2000, 2500, 3000, 

3500, 4000, 4500, 5000, 5500, 2700, 6000. This was also repeated for the modified engine. 

Included in these were calculations for side force and multiple frictional forces as well as 

multiple work done calculations. 

 

All Worksheets: 

 

 

 
The production engine calculations are in the individual RPM sheets 

and the modified engine calculations are in their own sheet. 

 

 

 

A. Peak Gas Forces  
 

Peak gas forces were calculated using  𝐹𝑔𝑎𝑠 = 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒 (𝑁/𝑚2) × 𝜋 ×
[𝑏𝑜𝑟𝑒 (𝑚)]2

4
.  

The peak gas force occurred at around 28 degrees after TDC for each RPM value. As the 

RPM increased so did the peak gas force. 

1. Production Engine  
Figure 1 shows the calculated Peak Gas Force at each RPM. The Peak Gas Force for this 

engine is 46862.91N at 6000rpm.   

 
Figure 1 
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Graph 1 

2. Modified Engine  
Figure 2 shows the calculated Peak Gas Force at each RPM for the modified engine. As you 

can see, the Peak Gas Force is 53418.82N at 8000 RPM 

 
Figure 2 

 
B. Inertia Loads  
 

Graphs 2 and 3 show the load applied to the con rod for two full revolutions each. The peaks 

of the total inertia force is at Top Dead Centre (TDC). The total inertia force is the two inertia 

forces added together to get a more accurate approximation of what the inertia is. The 1st 

order term is taken from the acceleration of the crank pin.  

1. Production Engine  

 
Graph 2 
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2. Modified Engine  

 
Graph 3 

Further investigating into the two engine revolutions results in the following graph: 

 
Graph 4 

Graph 4 shows that the amount above the x-axis is approximately equal to the amount below 

which confirms the equation as being correct as the total inertia should equal zero over this 

cycle. This is also shown in the equation of the SUM of all the inertia torques which on all the 

sheets is approximately 1 x10-15 which is approximately 0. 

 

 

C. Highest Net Compressive Force   
 

This was calculated using the following formula, the results are to aid the calculations in 

section E.  

𝐹𝑟𝑜𝑑 =
𝐹𝑛𝑒𝑡

cos 𝜙
 

 

𝐹𝑛𝑒𝑡 = 𝐹𝑔𝑎𝑠 − 𝐹𝑖𝑛𝑒𝑟𝑡𝑖𝑎   

    𝜙 = 𝑐𝑜𝑛 𝑟𝑜𝑑 𝑎𝑛𝑔𝑙𝑒 
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Cos(𝜙) is used to 

resolve the force in the 

direction of the con rod. 
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1. Production Engine  
The highest calculated force was 40953.84N at 5700 RPM.  

 
Figure 3 

The reason this result was at 5700RPM and not at the 6000RPM, as we saw for the peak 

gas pressures, is due to the increase in inertia being larger than the increase in gas pressure 

between 5700RPM to 6000RPM as shown in graphs 5 and 1. 

  
Graph 1       Graph 5 

 

2. Modified Engine  
Similarly to the production engine, the inertia increases at a greater rate than the gas force 

does. Therefore the peak force is was 43253.59N at 6000RPM.  

 
Figure 4 

The compressive force is larger for the modified engine than the production engine because 

the modified engine has a higher gas pressure. 
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D. Highest Net Tensile Load  
 

The Highest Net Tensile Load on the con rod was taken from the total inertia load at TDC on 

the exhaust stroke. 

1. Production Engine  
In figure 5 there’s an obvious positive correlation between the RPM and the calculated peak 

net tensile load.  

 
Figure 5 

This positive correlation continues infinitely because of the nature of the relationship 

between peak inertia and RPM can be shown by the following formula. 

𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑓𝑜𝑟𝑐𝑒 @ 𝑅𝑃𝑀1

𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑓𝑜𝑟𝑐𝑒 @ 𝑅𝑃𝑀2
=

𝑅𝑃𝑀1
2

𝑅𝑃𝑀2
2 

2. Modified Engine 
Figure 6 shows the same positive correlation with the peak occurring at the highest 

calculated RPM of 8000RPM, with 13049.2N.  

 
Figure 6 

It is noticed that the highest tensile load is much larger on the modified engine than the 

production engine due to the fact the modified engine can go to a higher RPM, therefore, 

experiences much higher inertia loads.  

E. Maximum Compression and Tensile Stresses 

 
The maximum compression and tensile stresses in the con rod were calculated using the 

following formula. 

𝜎 =
𝐹

𝐴
 

F is the maximum compressive force and tensile force respectively 

A is the cross-sectional area of the con rod, which is 195mm2 

Both the maximum compressive stress and the maximum tensile stress are at the same 

RPM as their respective max forces. These stress’ are required to calculate their static 

safety factors in section F. 
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1. Production Engine  

 
Figure 7 

 

2. Modified Engine 

 
Figure 8 

 
F. Nominal Static Safety Factors 

 
The ultimate tensile strength, UTS, for the Ford con rod is 750N/mm2. 

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑆𝑡𝑎𝑡𝑖𝑐 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝑈𝑇𝑆

𝜎𝑚𝑎𝑥
 

1. Production Engine  
Figure 9 shows that the static safety factor is approximately 3.57. This figure meets the 

expectation of it being at least 2 for it to have a long working life (Ramesh, et al., 2017). 

 
Figure 9 

2. Modified Engine  
The static safety factor is slightly less for the modified engine due to the increase of both 

engine speed and power. As the figure is larger than 2, the con rod won't break (Ramesh, et 

al., 2017). 

 
Figure 10 

 

  



Samuel Treleaven  BEng Motorsport Engineering 

1702453  UWTSD 

04/11/19   9 of 13 

G. Maximum Compression Distance & Stretch 
The formula used is the same for the distance and stretch, but use different values of stress. 

𝜎𝑚𝑎𝑥 × 𝐿

𝐸
 

L = Length of Con Rod = 135mm 

E = Youngs Modulus = 170 x 103N/mm2 for forged steel  

 

These figures show that the maximum compression for a production engine is  

approximately 0.1655mm. This is less than the modified engines result of 0.1748mm. this 

relationship is also true for the stretch with the production engines being much smaller at 

0.0297mm to the modified’s 0.0527mm. 

1. Production Engine  

 
Figure 11 

2. Modified Engine 

 
Figure 12 

 

H. Maximum Compression Distance & Stretch for Titanium  
 

 
Figure 13 

The stretch and compression for the titanium con rod is much larger than the standard 

forged steel con rod. However, these values are still very small so won’t significantly effect 

the operating clearences.    
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Appendices 
Appendix A – Headers of 1000RPM Worksheet in the Excel Workbook  

 

 

 

 

 

 

 

 

 

Appendix B – Headers of 1000RPM Worksheet in the Excel Workbook, in Formula View 
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Appendix C – Main Worksheet 

 

 

 

Appendix D – Table of Values from Excel 

 

 

 

 

 



Samuel Treleaven  BEng Motorsport Engineering 

1702453  UWTSD 

04/11/19   13 of 13 

Appendix E – Gas Torque across Two Engine Revolutions 

 
Graph 6 

Appendix F – Buckling Formula 

𝐵𝑢𝑐𝑘𝑙𝑖𝑛𝑔 =
𝜋2 × 𝐸 × 𝐼

𝐿2  

Where E is the Youngs Modulus, I is the second moment of area and L is the length of the 

con rod.  

𝐼 =
𝐵 × 𝐷

12
 

Where B and D are the base and Depth of the con rod respectively.  
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