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[bookmark: _Toc500516845]1.0 Introduction

This report will focus on the forces a conrod has to undertake in a specific engine at different speeds, and how an increase in the mass of a piston can affect the stress a connection rod has to sustain. The engine specifications will be plotted in an excel spreadsheet and graphics will be produced in order to analyse and understand what is happening to the connecting road at different stages, including where and when the maximum and minimum forces occur in the rod. 
The car chosen for this investigation was a 2007 Audi S3, due to availability of data about this specific car and engine. 
Even though a specific engine was investigated, the conclusions of this report apply to any traditional internal combustion engine and vehicle.

[bookmark: _Toc500516846]2.0 Background Research

Conrods are an integral engine component and without it, traditional combustion engines would not be able to work the way they do. 
Conrods are responsible for connecting the pistons to the crank shaft and transmitting the forces produced inside the combustion chamber to the crank shaft. For this reason, conrods have to be extremely strong, even more when the engine they are part of produces high levels of torque. The materials used to fabricate connecting rods differ from application to application, aluminium alloy is often used for low torque, high RPM engines, as the strength in this sort of application is not as important as the weight of the rod. On the other hand, titanium rods and pistons can be used for high horsepower and torque engine outputs. (Martin, 2008)
Manufacturers spend a colossal amount of money and time developing the best conrods for their application as it is not only important to ensure the engine performance requirements are met but also the durability of the connecting rods themselves as failures of this component usually requires a new engine to be fitted in the vehicle due to the amount of damage that can occur when a rod breaks, for instance.
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Image 2 conrod failure - https://cdn.drivingline.com/media/707496/003-power-stroke-diesel-powdered-metal-connecting-rod.jpg?quality=70&mode=pad&copymetadata=true&w=890


[bookmark: _Toc500516847]3.0 The Engine

The Engine used for this report is a 2007 Audi S3 engine, manufactured by VW.
The engine block itself has been used across many VW group vehicles and what actually makes one engine produce more power than the other is the size of the turbo itself. Having this in consideration, other modifications had to be made to internal components to ensure that the engine can withstand the extra power output, e.g. stronger conrods and pistons. (Carfolio, 2013)

Engine Specs: 
Engine Type: Turbocharged Petrol 
Capacity: 2.0 L
Engine Code: CDL
Max. power output: 261 cv @ 6000 rpm
Max. torque: 350 Nm @ 2500 – 5000 rpm
Bore X Stroke: 82.5 × 92.8 mm
Crank Radius: 46.4 mm*
Connecting Rod length: 144 mm (centre to centre)*
Piston and gudgeon pin mass: 492 g*								
(Carfolio, 2013)
*Data acquired from actual piston and connecting rod (picture 1 below)
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Picture 1 -  Piston/connecting rod Audi S3 2.0 TFSI (Joao Moura, 2017)
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[bookmark: _Toc500516848]4.0 Methodology

To help us identifying the forces acting on the connecting rod, piston velocity and acceleration, the data obtained from different sources was plotted in the table below (table 1). The crank radius, conrod length, RPM and mass of piston and gudgeon pin are set parameters of this particular engine. The engine speed of 7100 rpm is the maximum speed achieved by this engine and not the speed where the engine develops its maximum power. For the purpose of this investigation, a second table can be found below (table 2), where engine idle speed was used for the purpose of comparing what forces, piston speed and acceleration have to undertake a minimum engine speed and maximum engine speed.
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Table 1 – Engine speed set to 7100 rpm (Maximum engine speed)
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Table 2 – Engine speed set to 900 rpm (idle speed)

[bookmark: _Toc500516849]5.0 Graphs and Analysis 
The graph below shows the highest point the piston reaches inside the cylinder as well as the lowest point. This can be also named Top Dead Centre (TDC) and Bottom Dead Centre (BDC). The values are 190.4 mm and 97.6 respectively. These extremes are a constant as TDC and BDC are physically set by the length of the conrod, crankshaft diameter and offset. 

[bookmark: _Toc500516850]Graph 1 - Height (mm) 

Represented on the graph below is the velocity of the piston at 7100 rpm throughout the 4 stroke cycle. The only difference at a idle speed of 900 rpm would be the frequency of the graph.
The maximum speed achieve by the piston is 36.20 m/s and the lowest speed 0 m/s.
It can also be noted that this values happen twice in one stroke. The piston is momentarily stopped at TDC and BDC and its maximum speed is achieved half the way up and down the stroke. 

Graph 2 – Velocity (m/s)
[bookmark: _GoBack]The acceleration VS Force graph show that maximum force on the road happens when the acceleration is at its peak point. This graph was drawn when at a speed of 7100 rpm. At 900 rpm the frequency and amplitude would be less.
[bookmark: _Toc500516851]
[bookmark: _Toc500516852]Graph 3 – Acceleration (m/s²) & Force (N)


Looking at table 3 and 4 below, there is a colossal difference in the maximum tensile force transmitted to the connecting rod at different engine speeds. The values are as it follows: 
At 7100 Rpm a maximum tensile force of 16618.1 N was produced and at 900 rpm only 268.02 N were produced. This can be explained mathematically by F=ma
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Table 3 – 7100 rpm
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Table 4 – 900 rpm





[bookmark: _Toc500516853]7.0 Conclusion

What was found during this analysis it basically that as the engine speed increases the forces transmitted to the piston, connecting rods and crankshaft increase exponentially due to the acceleration of the piston inside the cylinder. The graphs of height, acceleration and forces as well as the spreadsheet are very comprehensive on their results and can really elucidate the reader on how an engine works through its cycles and what is happening at any giving time during the cycles and different speeds.  One way to reduce the amount of force transmitted to these components without compromising structural strength would be the use of more exotic materials with a lower mass. This is essentially what is done when forging an engine.  Often times, when an engine is forged, the mass of its components cannot be reduced due to structural compromises, but the increased thickness of the connecting rods often surpasses the increased weight disadvantaged of the increased component weight. 
It is fair to say that even though the engine and specifications used were from a stock Audi engine, the structural strength and reliability of such components are very good. (Tuning, 2017) 
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Crank Radius (mm) 46.4mm

Conrod Length (mm) 144mm

RPM 7100rpm

w

743.5103<-angular velocity

Compute Time Interval 0.0002<-time interval between calculations

Mass of Piston/gudgeonpin etc (kg) 0.492 Max tensile force on rod 16618.1

Time (s) 0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018 0.002

Crank Angle (radians) 0 0.148702 0.297404 0.446106 0.594808 0.743510261 0.892212 1.040914 1.189616 1.338318 1.487021

Crank Angle (degrees) 0 8.52 17.04 25.56 34.08 42.6 51.12 59.64 68.16 76.68 85.2

Distance X (between crank pin and centreline) 0 6.874375 13.59702 20.01956 26.00024 31.40704499 36.12065 40.03702 43.0697 45.15177 46.23727

inv sine phi  (this and the cell below use the sine rule 0 0.047739 0.094424 0.139025 0.180557 0.218104479 0.250838 0.278035 0.299095 0.313554 0.321092

phi (radians)  to calculate the height later on) 0 0.047757 0.094565 0.139477 0.181553 0.219871767 0.253546 0.281748 0.303744 0.318933 0.326882

Height (dist between top of conrod and crankshaft) 190.4 189.7238 187.7197 184.4606 180.0644 174.6881661 168.5211 161.7742 154.6697 147.4282 140.2576

Velocity mm/s -3381.21 -10020.4 -16295.3 -21981.3 -26881 -30835.47043 -33734.1 -35522.7 -36207.4 -35853.2 -34575.8

Velocity m/s -3.38121 -10.0204 -16.2953 -21.9813 -26.881 -30.83547043 -33.7341 -35.5227 -36.2074 -35.8532 -34.5758

Acceleration (change in velocity) -33195.9 -31374.6 -28429.8 -24498.6 -19772.4 -14493.34885 -8943.05 -3423.49 1771.075 6387.211 10243.16

Force -16332.4 -15436.3 -13987.5 -12053.3 -9728.03 -7130.727635 -4399.98 -1684.36 871.369 3142.508 5039.637
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Crank Radius (mm) 46.4mm

Conrod Length (mm) 144mm

RPM 900rpm

w

94.24778<-angular velocity

Compute Time Interval 0.0002<-time interval between calculations

Mass of Piston/gudgeonpin etc (kg) 0.492 Max tensile force on rod 268.0284

Time (s) 0 0.0002 0.0004 0.0006 0.0008 0.001 0.0012 0.0014 0.0016 0.0018 0.002

Crank Angle (radians) 0 0.01885 0.037699 0.056549 0.075398 0.09424778 0.113097 0.131947 0.150796 0.169646 0.188496

Crank Angle (degrees) 0 1.08 2.16 3.24 4.32 5.4 6.48 7.56 8.64 9.72 10.8

Distance X (between crank pin and centreline) 0 0.874568 1.748824 2.62246 3.495164 4.366625738 5.236536 6.104586 6.970467 7.833872 8.694493

inv sine phi  (this and the cell below use the sine rule 0 0.006073 0.012145 0.018212 0.024272 0.03032379 0.036365 0.042393 0.048406 0.054402 0.060378

phi (radians)  to calculate the height later on) 0 0.006073 0.012145 0.018213 0.024274 0.030328439 0.036373 0.042406 0.048425 0.054429 0.060415

Height (dist between top of conrod and crankshaft) 190.4 190.3891 190.3564 190.302 190.2257 190.1278536 190.0083 189.8672 189.7046 189.5207 189.3154

Velocity mm/s -54.4933 -163.448 -272.306 -381.005 -489.479 -597.665946 -705.501 -812.922 -919.866 -1026.27 -1132.07

Velocity m/s -0.05449 -0.16345 -0.27231 -0.381 -0.48948 -0.597665946 -0.7055 -0.81292 -0.91987 -1.02627 -1.13207

Acceleration (change in velocity) -544.773 -544.293 -543.492 -542.372 -540.933 -539.1769979 -537.104 -534.717 -532.016 -529.003 -525.682

Force -268.028 -267.792 -267.398 -266.847 -266.139 -265.275083 -264.255 -263.081 -261.752 -260.27 -258.635
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RPM 7100rpm

w

743.5103<-angular velocity

Compute Time Interval 0.0002<-time interval between calculations

Mass of Piston/gudgeonpin etc (kg) 0.492 Max tensile force on rod 16618.1
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RPM 900rpm

w

94.24778<-angular velocity

Compute Time Interval 0.0002<-time interval between calculations

Mass of Piston/gudgeonpin etc (kg) 0.492 Max tensile force on rod 268.0284
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