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1 Introduction  

This report shall investigate the acceleration, forces and displacements of a connecting rod 

(con-rod) from a Ford 1.6 litre GDTI EcoBoost engine. A datasheet of cylinder pressures and 

component masses were provided, and from this the author researched further data and 

carried out various calculations to analyse how different engine speeds effect the con-rod 

characteristics. 

For ECXEL calculations, please see appendix 5. 

 

1.1 Data Provided 
Table 1 - Data provided 

 

 

1.2 Data Researched  
Table 2 - Data researched 

 

2 Engine Modification  

To understand the effects of engine speed on the conrod, the author theoretically modified 

the engine by increasing the RPM limit from 6000rpm to 9000rpm to see how this effected 

stresses and performance; this proved to be an inefficient way to modify the engine as the 

turbo could not provide enough air to see substantial performance gain. 

To increase RPM, the author gathered data for the standard engine, then used second order 

polynomial data extrapolation to analyse effects (figure 1). This is only an assumption and will 

give an indication of expected trends but may be inaccurate. Second order extrapolation was 

used to keep the mathematics relatively simplistic.  

Data Unit Value 

Piston Cross-Sectional Area  mm2 139.65 

Total Piston Reciprocating Mass kg 0.3504 

Total Con-rod Mass kg 0.4064 

Data Unit Value Source 

Ultimate Tensile Stress - Steel MPa 750 

(AZO Materials, 2016) 
Ultimate Tensile Stress - Titanium Mpa 950 

Young’s Modulus - Steel kg 200 

Young’s Modulus - Titanium m 133.8 

Bore m 0.0790 

(Ford, 2009) Crank Radius (R) m 0.0407 

Con-rod Length (L) m 1.3400 



  

Figure 1 - Example of data extrapolation - peak cylinder pressure 

 

 

 

 

Figure 2 - Maximum cylinder pressure with increased boost 

 

 



Figure 2 represents how increasing engine speed without modifying the induction system is 

inefficient. The red line represents how cylinder pressure may stay more constant with an 

uprated turbo; for example, a hybrid or twin turbo setup. Added boost may reduce the drops 

in pressure around 4500rpm and 6000rpm. This in turn would increase torque drastically and 

also slightly increase power, ensuring the engine runs more efficiently overall.  

The author created this graph by making an informed assumption as to how much extra 

pressure an uprated turbo could bring. Research shows that it is common to upgrade this 

engine’s standard Borg Warner turbo to a Borg Warner EFR series high performance turbo (DS 

Sport, 2018). 

Increased pressure was only analysed for some graphs, to illustrate explanations more clearly. 

It should be noted this modification is purely theoretical and would, in practice, not be viable. 

For example, the engine may run too hot, introducing thermodynamic losses and high octane 

fuel would be required to supplement the added air to create sufficiently strong combustion. 

 

3 Engine Gas Forces 

The author took an average value across each cylinder and converted to SI units, Pascal, then 

found the highest average pressure per degree recorded in the engine. From this, the peak 

gas force can be found: 

𝐹𝑜𝑟𝑐𝑒 = 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑥 𝐴𝑟𝑒𝑎 

∴  𝐺𝑎𝑠 𝐹𝑜𝑟𝑐𝑒 = 𝐶𝑦𝑙𝑖𝑛𝑑𝑒𝑟 𝑃𝑟𝑒𝑠𝑠𝑢𝑟𝑒 𝑥
𝜋 𝑥 𝑏𝑜𝑟𝑒2

4
  

 

 



3.1 Gas forces per cycle 

 

Figure 3 - Gas force vs crank angle 

• The highest gas force is seen at highest engine speed. As this engine uses forced induction, 

higher rpm introduces higher boost pressure. This means more air in the cylinder and thus a 

stronger combustion ( Olta, et al., 2014 ). 

• The peak force for each rpm is just after TDC. The camshaft profile ensures combustion 

occurs here, as the piston starts to travel downwards, ensuring the most energy can be used 

to drive the engine.  

• From BDC to TDC pressure steadily increases until a drop exactly at TDC. This is as the piston 

travels back down and increases the volume as the spark ignites, thus reducing pressure. 

• As engine speed increases the peak gas force advances as combustion has to start earlier 

to ensure the process can take place in a shorter time (Caton, 2018). 



3.2 Peak Gas Force for Each RPM 

 

Figure 4 - Peak gas force vs engine speed 

• Figure 4 shows an overall positive correlation between engine speed and peak force until 

6000rpm. This then declines due to lack of induction capacity, forming the trend for further 

graphs in this report. 

 

4 Inertia Loads 

From the known engine speed, angular velocity can be calculated. This can then be used to 

calculate piston acceleration for first and second orders: 

                                             First Order:                       Second Order: 

𝑅 𝑥 𝜔2 𝑥 cos 𝜃      +       
𝑅

𝐿
 𝑥 𝐿 𝑥 𝜔2  𝑥 2 cos 𝜃 

 

From this, the inertia force can be calculated: 

𝐹 = 𝑚 𝑥 𝑎 

∴  𝐼𝑛𝑒𝑟𝑡𝑖𝑎 𝐹𝑜𝑟𝑐𝑒 = 𝑃𝑖𝑠𝑡𝑜𝑛 𝑀𝑎𝑠𝑠 𝑥 𝑃𝑖𝑠𝑡𝑜𝑛 𝐴𝑐𝑐𝑒𝑙𝑒𝑟𝑎𝑡𝑖𝑜𝑛 



 

Figure 5 - Inertia force per crank angle - production engine 

• Figure 5 shows the highest values at TDC as piston acceleration is at a maximum because 

of a change of direction. Here, the piston will have most inertia after travelling the full length 

of the cylinder, opposing the crankshaft force changing its direction. 

• The shape of the graph is dictated mainly by the first order of acceleration, the first 

derivative of the piston’s velocity curve. This was added to the second order of acceleration, 

the second derivative of the position curve. Further orders have been considered negligible. 

• Inertia forces at BDC are less and a different shape because the second order element is 

out of phase by 360°, cancelling out and reducing the amplitude. This is not the case at TDC 

and thus the first and second orders combine and amplify the peaks (EPI Inc., 2014). 



Figure 6 - Inertia forces for modified and production engines 

• Because of increased acceleration, a higher engine speed produces higher inertia forces. 

• From 6000rpm to 9000rpm inertia forces increase by over 50%. Tensile force is a product 

of inertia force; showing a potential strain on the con-rod, possibly presenting safety issues.  

 

5 Maximum Net Compressive and Tensile Forces  

During each four stroke cycle, the con-rod experiences both tensile and compressive forces.  

Tensile and Compressive forces are found by calculating the gas force resolved with respect 

to the con-rod angle and finding maximum and minimum values. Negative values show 

magnitude of tensile loading. 

 

𝑟𝑜𝑑 𝑎𝑛𝑔𝑙𝑒 =  sin−1 (
𝑅

𝐿
 𝑥  sin(𝑐𝑟𝑎𝑛𝑘 𝑎𝑛𝑔𝑙𝑒)) 

∴  𝑟𝑒𝑠𝑜𝑙𝑣𝑒𝑑 𝑟𝑜𝑑 𝑓𝑜𝑟𝑐𝑒 =   
(𝑔𝑎𝑠 𝑓𝑜𝑟𝑐𝑒 − 𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑓𝑜𝑟𝑐𝑒)

cos(𝑟𝑜𝑑 𝑎𝑛𝑔𝑙𝑒)
 

 



5.1 Con-rod Tensile Forces 

 

Figure 7 - Con-rod tensile forces 

• As the crankshaft pulls the piston down the cylinder, the con-rod experiences a tensile 

force, stretching it. Tensile force therefore is directly proportional to inertia force. 

• Tensile forces on the con-rod will always increase with RPM regardless of changes to 

induction. This may present a safety issue for the con-rod. 

• Figure 7 shows a negative tensile force at low rpm. The nature of a turbocharged engine 

means initially gas force overrides the tensile load, compressing the con-rod. As engine speed 

increases, inertia forces increase, thus creating a net torsional force (Taylor, 1985). 

 



5.2 Con-rod Compressive Forces 

 

Figure 8 - Con-rod compressive forces 

• The force compressing the con-rod is the gas force on the piston, pushing it down as it 

travels up the cylinder, therefore, without an uprated induction system, the compressive 

force decreases at high rpm. 

• The green line shows an estimate of compressive force with uprated boost, using data from 

figure 2. The extra pressure overcomes inertia force and increases the compressive force 

from 4000rpm onwards. The force stays higher until 8000rpm where it drops and converges 

with the standard turbo, then drops lower than 1000rpm.  

• These later trends are seen as the inertia force overcomes the compressive force and 

reduces it as inertia force increases exponentially with rpm. This shows that the compressive 

force on the con-rod is not a danger to the modified engine (see section 7). 

 

• Cyclic variation is a common phenomenon within engines. Maximum cylinder pressure on 

a cycle can occasionally be considerably less, or more than the average value. This is due to 

inconsistencies within the flame development from the spark plug. This must be considered 

as a random spike in pressure could produce stress higher than a con-rod’s ultimate tensile 

strength. It is argued that this does not matter as a car isn’t driven at full throttle often, but 

it should be considered if researching this topic further (Smith & Ruprecht, 2018). 



6 Maximum Stresses 

Stress can be defined as 
𝑓𝑜𝑟𝑐𝑒

𝑎𝑟𝑒𝑎
. Using the minimum con-rod cross sectional area, stresses can 

be calculated. 

 

6.1 Maximum Tensile Stresses 

 

Figure 9 - Con-rod tensile stresses 

• As per figure 7, tensile stress should be considered when modifying an engine as it will 

increase with engine speed. 

 

 

 

 

 

 

 

 

 

 



 

6.2 Maximum Compressive Stresses 

 

Figure 10 - Con-rod compressive stresses 

• Figure 10 follows the trends of figure 8, therefore even with increased boost, stresses do 

not reach a dangerous level, confirmed below. 

 

7 Nominal Static Safety Factors 

The Nominal static safety factor of a con-rod is defined as: 
𝑈𝑇𝑆

𝑆𝑡𝑟𝑒𝑠𝑠
. UTS (ultimate tensile 

strength) dictates how much force is required to shear a section of cross area 1mm2 

(Anderson, 1990). From this, compressive and tensile stress acting on the con-rod is used to 

calculate how close to failure it is. 

 

𝑁𝑜𝑚𝑖𝑛𝑎𝑙 𝑆𝑡𝑎𝑡𝑖𝑐 𝑆𝑎𝑓𝑒𝑡𝑦 𝐹𝑎𝑐𝑡𝑜𝑟 =
𝑈𝑇𝑆

𝑆𝑡𝑟𝑒𝑠𝑠
 

 

 

 

 



It was chosen to only calculate this for the RPM at which the highest compressive and tensile 

forces were seen, as this would produce the lowest values. 

The author then investigated theoretically changing the con-rod to titanium to investigate 

how this material changes deformation and stresses experienced. 

Table 3 - Nominal static safety factors 

 

Table 1 shows that the con-rod is under no danger within the standard engine as a safe value 

for steel is considered to be 2-2.5 (Engineering ToolBox, 2010). 

The con-rod is still safe in the modified engine, with considerably higher values when a 

titanium unit is used. 

Continuing from section 5.2, the altered compressive nominal safety factor with modified 

induction was also analysed: 

Table 4 - Nominal static safety factors with increased boost 

 

The compressive safety factor is not compromised by increased boost. The ratio is still 2.50, 

which is safe. 

 

 

 

 

 

 

 

 

 

 

Engine Material Nominal Safety Factors 

Production Steel Compressive = 2.557 / Tensile = 17.398 

Modified Steel Compressive = 2.557 / Tensile = 7.3032 

Modified Titanium Compressive = 3.239 / Tensile = 9.2508 

Safety factor steel - no added boost Safety factor steel - added boost 

2.56 2.50 



8 Stretch and Compression of Con-rod 

The magnitude of con-rod deformation was calculated using: 

∆𝐿 =
𝐹 𝑥 𝐿

𝐸 𝑥 𝐶𝑆𝐴
 

Where F = compressive/tensile force, L = con-rod length, E = Young’s Modulus and                  

CSA = cross-sectional area. 

8.1 Con-rod Stretch 

 

Figure 11 - Con-rod stretch 

• When a tensile load is applied to the con-rod, it gets stretched. As per section 5.1, engine 

speed is proportional to con-rod stretch. 

• It should be noted this calculation takes the con-rod to be a simple beam of constant 

minimum cross sectional area. For this reason, real life deformation would be considerably 

smaller. 



8.2 Con-rod Compression 

 

Figure 12 - Con-rod compression 

• When a compressive load is applied to the con-rod, it gets compressed. As per section 5.2, 

compression decreases with rpm with insufficient induction. 

 

• Titanium deforms more than steel. This is because the Young’s modulus of steel is higher 

than titanium showing that steel is more likely to sheer, whereas titanium is more elastic and 

can withstand more force before permanent deformation (Anderson, 1990).  

• Although this means more force can be withstood, the increased deformation could be 

problematic. Increased stretch could affect compression ratio and change the clearance 

volume, meaning the engine would run less efficiently. The deformation seen is still small, 

and in a mass produced engine would be unlikely to cause a large issue. Moreover the 

compressive gas force does counteract this somewhat. In a modified racing engine this could 

be dangerous, potentially even causing knock, proving fatal for the engine (Carley, 2017). 

 

• By rearranging the formula in section 8.0, it can be calculated that to deform no more than 

a steel con-rod, the minimum cross sectional area of a titanium unit would have to be 

208.73mm2. This is a 33% increase in size, which could severely impact the engine clearance 

tolerances and negate any weight savings. 

 



9 Analysis and Conclusion 
 

It is evident that this report’s calculated data is not entirely accurate. The data manipulation 
proved unrealistic in some areas and could be improved by further researching frictional, 
thermodynamic and mechanical losses, and creating a more detailed combustion model. 

 

The engine modification clearly shows that when increasing engine speed, the induction 
system must be correctly altered to gain any substantial benefit. Without doing so, frictional 
losses outweigh any benefits. 

 

This report did find expected trends and was within an acceptable tolerance to real data. This 
proves that internal engine components manufactured by large, mass-producing 
manufacturers are over-engineered and very unlikely to fail. This explains why after-market 
performance upgrades are so popular with Ecoboost engines.  

 

The con-rod has been referred to as “the Achilles heel of a tuned engine” (DS Sport, 2018). 
This report shows this is a viable statement, due to the excessive loading of a con-rod 
throughout its life. If it is considered that the maximum gas force seen was 40955N, nearly 4.2 
tonnes, the con-rod has to withstand this loading 50 times per second at maximum production 
rpm. This report did not however see the con-rod in any substantial danger. This leads the 
author to believe that material selection and design are considered to be very important, and 
for this engine materials should be chosen to reduce weight and increase efficiency, whilst 
maintaining strength and minimising deformation. To take this report further, finite element 
analysis (FEA) calculations should be carried out and more materials more thoroughly tested. 
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11 Appendices - Extra Calculations and Excel Data 
 

11.1 Appendix 1 - Loss of Work Done 
To find work done lost to friction the author first calculated the piston displacement per 

degree: 

𝑆 = 𝑅 + 𝐿 − 𝑅 cos 𝜃 − 𝐿 (1 −
𝑅2

𝐿2
sin 𝜃) 

Where R = crank throw, L = con-rod length and 𝜃 = crank angle 

 

• From this, the author could work out frictional force between the side of the piston 

and the cylinder wall: 

 

𝐹𝑠𝑖𝑑𝑒 = 𝐹𝑛𝑒𝑡 𝑥 tan ∅ 

Where Fnet = gas force - inertia force and ∅ = rod angle. 

 

• Now the work done frictional losses to the side wall can be calculated: 

 

𝑠𝑖𝑑𝑒 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑊𝐷 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒 = 𝐹𝑠𝑖𝑑𝑒 𝑥 𝜇 𝑥 (𝑆2 − 𝑆1) 

Where 𝜇 is taken to be 0.1 and (𝑆2 − 𝑆1) = cylinder displacement 

 

• Furthermore, the author calculated the frictional force exerted on the piston rings: 

 

𝐹𝑟𝑖𝑛𝑔 = 𝑟𝑎𝑑𝑖𝑎𝑙 𝑓𝑜𝑟𝑐𝑒 𝑥 𝜇  

 

• From this the work done frictional losses to the piston rings can be calculated: 

 

𝑟𝑖𝑛𝑔 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑊𝐷 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒 =  
𝐹𝑟𝑖𝑛𝑔1 + 𝐹𝑟𝑖𝑛𝑔2

2
𝑥 (𝑆2 − 𝑆1) 

 

 

 

 



• Work done due to inertia can also be calculated: 

 

𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑊𝐷 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒 =
𝐹𝑖𝑛𝑒𝑟𝑡𝑖𝑎1 + 𝐹𝑖𝑛𝑒𝑟𝑡𝑖𝑎2

2
𝑥 (𝑆2 − 𝑆1) 

 

• From this the net work done per degree can be calculated by subtracting these losses 

from the work done from gas force: 

 

𝑔𝑎𝑠 𝑊𝐷 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒 = (
𝐹𝑔𝑎𝑠1 + 𝐹𝑔𝑎𝑠2

2
) 𝑥 (

(𝑆2 𝑥 𝜋 𝑥 𝐵𝑜𝑟𝑒2)

4
− 

(𝑆1 𝑥 𝜋 𝑥 𝐵𝑜𝑟𝑒2)

4
) 

 

∴  𝑛𝑒𝑡 𝑊𝐷 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒

= 𝑔𝑎𝑠 𝑊𝐷 − 𝑠𝑖𝑑𝑒 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑊𝐷 − 𝑟𝑖𝑛𝑔 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛 𝑊𝐷 − 𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑊𝐷 

 

11.2 Appendix 2 - Total Work Done 
From the losses calculated in section 9, net work done per cycle can be calculated.  

 

𝑡𝑜𝑡𝑎𝑙 𝑊𝐷 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒 = 

 ∑ (𝑔𝑎𝑠 𝑊𝐷 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒

−360 → +360

)     −   ∑ (𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑊𝐷 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒

−360 → +360

)  

 

𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑙𝑜𝑠𝑠 𝑊𝐷 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒 = 

 ∑ (𝑔𝑎𝑠 𝑊𝐷 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒

−360 → +360

)     + ∑ (𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑊𝐷 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒

−360 → +360

)  

 

∴ 𝑛𝑒𝑡 𝑊𝐷 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒 = 𝑡𝑜𝑡𝑎𝑙 𝑊𝐷 − 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑙𝑜𝑠𝑠 𝑊𝐷  

 

11.3 Appendix 3 - Engine Torque 
The author calculated torque produced per cycle for each engine speed. This can be achieved 

by adding gas torque, produced by the combustion of the air-fuel mixture and inertia torque, 

produced by the rotational inertia of the crankshaft and piston assembly. 

 

𝐺𝑎𝑠 𝑡𝑜𝑟𝑞𝑢𝑒 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒 = 𝑔𝑎𝑠 𝑓𝑜𝑟𝑐𝑒 𝑥 𝑅 𝑥 sin(𝜃 + ∅) 

𝐼𝑛𝑒𝑟𝑡𝑖𝑎 𝑡𝑜𝑟𝑞𝑢𝑒 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒 = 𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑓𝑜𝑟𝑐𝑒 𝑥 𝑅 𝑥 sin(𝜃 + ∅) 



 

The inertia torque acts both with and against the gas torque as at different parts of the cycle, 

the inertia of the crankshaft can act in the same or different directions as the piston. For this 

reason the values of inertia torque per degree can be either positive or negative. By adding 

both torques, opposing values are subtracted and assisting values are added, but overall 

because of the nature of the cycle, they cancel out. 

 

To find total torque per cycle, the author found the sums of torques above, divided by 720 to 

account for each degree of the cycle then multiplied by 4 for each cylinder. 

 

∴ 𝑡𝑜𝑡𝑎𝑙 𝑡𝑜𝑟𝑞𝑢𝑒 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒 =  

(
∑ (𝑔𝑎𝑠 𝑡𝑜𝑟𝑞𝑢𝑒 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒−360 → +360 ) + ∑ (𝑖𝑛𝑒𝑟𝑡𝑖𝑎 𝑡𝑜𝑟𝑞𝑢𝑒 𝑝𝑒𝑟 𝑑𝑒𝑔𝑟𝑒𝑒−360 → +360 )

720
)  𝑥 4 

 

 

Figure 13 - Engine indicated torque 

Figure 13 shows that the peak torque is around 3000rpm, which agrees with Ford’s published 

spec sheet for this engine. This follows the expected trend as at high rpm volumetric efficiency 

decreases as not enough air is brought into the system. As with compressive force, the torque 

is calculated as a product of the gas force, which decreases at high RPM for the same reasons. 

Torque is also affected at high rpm due to increased frictional resistance. Frictional losses 



calculated in section 9 are considerably higher at higher engine speeds, this reduces 

mechanical efficiency, again reducing torque output. Similarly the torque is lower at lower 

engine speeds as this is how the engine is tuned. Torque and fast acceleration are less 

commonly demanded at low rpm, thus meaning the engine runs less efficiently with possible 

valve overlap and inefficient combustion. The engine will run more efficiently at mid rpm 

(Simpson, 2008).  

This value is taken as the indicated torque value as frictional, and other, losses are not 

removed from the calculated value.  

 

 

11.4 Appendix 4a - Engine Power 
The indicated power of an engine is a figure that does not include frictional losses through the 

engine. The author calculated the indicated power per cycle with the equation: 

2𝜋 𝑥 𝑡𝑜𝑟𝑞𝑢𝑒 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒 𝑥 
𝑅𝑃𝑀

60
 

 

To factor in frictional losses the author took the WD frictional losses value from section 10, 

which is in joules. To convert this to kW to relate to power, the same equation as above was 

used. From here this value was subtracted from indicated power to get break power. This was 

then converted to PS by multiplying by 1.36. 

𝑃𝑜𝑤𝑒𝑟 𝑝𝑒𝑟 𝑐𝑦𝑐𝑙𝑒 = (𝑖𝑛𝑑𝑖𝑐𝑎𝑡𝑒𝑑 𝑝𝑜𝑤𝑒𝑟 − 𝑓𝑟𝑖𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝑝𝑜𝑤𝑒𝑟 𝑙𝑜𝑠𝑠) 𝑥 1.36 

This is not an entirely accurate representation of break power, as there are other losses within 

the engine such thermal losses and losses from lubricant friction that are not considered, 

however it gives a more accurate indication of the engine’s actual output. Because of this, the 

author only applied this to power and not for torque as an example of the process, however 

it was decided it is not valid enough to warrant doing so for torque also. 

 

 



 

Figure 14 - Indicated and break power 

It is clear that just by subtracting frictional losses within the cylinder the power figure reduces 

significantly. The engines power increases with engine speed, and it is clear that even without 

added boost a higher rpm will increase power. The power values do reduce towards the 

highest engine speed as mechanical efficiency again starts to decrease due to high frictional 

losses. Moreover, lack of air will still factor into this. As with torque, the higher the engine 

speed, the less burn duration available and the less air and fuel can be introduced to the burn. 

 

 

 

 

 

 

 

 

 

 

 

 



11.4.1 Appendix 4b - Engine Torque and Power Curves 

 

Figure 15 - Engine power and torque - calculated vs published 

Figure 16 shows a clear correlation between the author’s calculated values and the values 

published by Ford. This shows validation within the calculations and shows the findings of this 

report are somewhat trustworthy (Ford, 2009). 

The difference in values is expected as this report is based around studying con-rod dynamics 

not engine output, therefore the methods used are not entirely accurate. The measured 

figures from Ford may be from a dyno and therefore do not include any minor inaccuracies 

from calculations but do introduce other inaccuracies from the dyno’s margin of error, and 

the engine speeds provided by Ford do not correlate to the author’s data provided perfectly. 

Moreover, as explained above in section 12.1, the frictional and thermodynamic losses are 

not correctly calculated, undoubtedly accounting for some inaccuracy seen. The average 

difference in values for torque is 8.2% and 12.9%, which considering the nature of this report 

is considered acceptable by the author. 

 

 

 

 

 

 



11.5 Appendix 5a - EXCEL Calculations 
 

 

 

 

 



11.5.1 Appendix 5b - Calculations for 4000rpm 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


