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Introduction
In the field of motorsport, automotive, aerospace and manufacturing industries processes have become more technical in all aspects of the construction of the engine internals. Combustion engines have evolved in design and greater knowledge of them makes it easier to give better output for their application. This means that there is a growing need for multi skilled craft and technician level workers with both CNC and composite experience in these sectors. 
As a class of students studying motorsport this assignment requires research into our chosen engine and write a report on the forces that a conrod (connecting rod) undergoes inside the engine, Taking into account the materials used in construction and the design of the the component.  The assignment also requires us to research how the forces are affected by engine speed, mass of piston, conrod length and crank radius. A spreadsheet is demanded for entering the chosen engine values to show the effects these forces have on the engine.
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Background to the engine 
Ref: Tech racing wiki group A 
The 3sgte engine model is the turbo charged model. The 3sgte was a very powerful and reliable unit as proven in the Toyota Celica st165 and st185 WRC cars, winning the championship for 4 years. In 1992 the world rally championships group a regulations mandated that WRC cars must have been built upon a production car with a minimum production amount of 2500 units. 
The engine displacement was increased to 2.0litre, forced induction with an “Anti Lag” system (a retarded ignition to create an explosion in the exhaust to keep the turbo spooling) with decreases turbo lag. The 3sgte was built to meet these specifications. To limit the power all forced induction cars were fitted with a turbo restrictor of 34mm diameter air restrictor before the turbo inlet, this limited the air flow to about 10,000litres per minute. The restriction was to limit the power to 300bhp although the engine along with other put out up to 350bhp. 
Toyotas 3sgte engine development did not focus on peak engine power (so not like formula 1) so this created a very wide power band and lower end torque. It is hard to believe but typically power outputs in excess of 300bhp was available from 3000rpm to 7000rpm with peak power at 6000rpm. At idle in “stage mode” (anti lag switched on) power output was around 200bhp.
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Forces conrods are subject too
(Hilliers, Fundamentals of motor vehicle technology, 6TH edition, Oxford) In an internal combustion engine, connecting rods are directly in contact with other engine internals such as a piston and a crankshaft that’s why they are called connecting rods or for short “conrods”. Since conrods connect the two engine internals together they undergo forces put on the part or dynamic loads. The gas forces in which the piston is subject to as well as the engines oscillating mass forces exert a high constantly changing load due to acceleration/deceleration and tension/compression. For these reasons conrods are subject to a high quality construction. 

The requirements of a vehicle determines an engines output and its construction for example a lorry is very heavy and needs to carry heavy loads so its engine has large internals, displacement and a long stroke to produce lots of torque and power at very low engine revolutions (max power at 3,000rpm). A formula 1 car is very light and accelerates quickly to its top speed while cornering at high speeds so the engine needs to be very compact, displacement is kept down and very short stroke to produce lots of power and torque at very high engine revolutions (max power at 18,000rpm). The two engines have two totally different requirements which has an impact on the materials used and the construction of the engines internals eg forged, cast, billet steel internals.

At the two ends of the conrod there are conrod eyes, they are situated between two slide bearings which establish the connection to the piston called the “Main bearing” and the connection to the crankshaft called the “Big end bearing”. With continuously rising combustion pressure conrods are subject to increasing stress and strain. The friction created by the rotating cranks pins and the pistons pins has to be reduced by the conrods bearings.

The mass, dimensions, stability of parts, temperature, materials used in construction, pressure and lubrication are of individual importance to the conrod. The mass and dimensions of the piston and the crank are of importance to how much load that is put on the conrod and have an impact on the longevity of the part and the engine. For example the bore of a cylinder increases the displacement of an engine therefore a larger, heavier piston is to be used or the increase stroke of a crankshaft therefore increases the length of a conrod or the location of the crank pin has to be changed.

Conrod Selection
 the conrod used in the Toyota Celica st185 WRC car. These are the following specifications:
Engine:  3sgte, straight 4 cylinder, 4 stroke
Capacity:  1998 CC
Bore X Stroke (mm):  86.0 X 86.0
Compression ratio:  9.0: 1
Conrod length: 138mm
Piston bore: 86.0mm
Piston weight (kg): 0.353
Piston/gudgeon pin and rings weight (kg): 0.480
Firing order: 1, 3, 4, 2
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Calculations
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Max tensile force on the rod is 10664.23N
Here entered the chosen engines values into the chart supplied to us by the faculty. This worked out the max tensile force on the conrod. This also worked out much more values that I will discuss below.

Graph 1: Height


These values are giving when the engine is running at 6000rpm which is the where the 300bhp of the engine is available.
· This graph represents the location of the crank pin relative to the top end of the conrod over this period of time shown in the graph. 

· As you can see at the beginning of the graph the distance is the furthest the two parts can be apart from each other which is 181mm.




· [bookmark: _GoBack]At 181mm apart, the piston is at top dead centre(TDC) where the intake stroke starts to occur. The piston now moves down as the intake valve is open which creates a vacuum in the cylinder and an air and fuel mixture is sucked into the chamber. This causes very little pressure on the piston and the conrod.


· (0.005s) the crank pin and the the conrod are the least distance they can be apart which is 95mm, this indicates the engine is now at bottom dead centre(BDC). 

· At 95mm apart the compression stroke will now begin from BDC to TDC. Moving onto the compression stroke both valves are closed which creates a much larger pressure on the piston and the rod so there is a different representation of pressure in this stroke.

· (0.01s) from TDC the engine has completed one revolution and the 2 parts are once again 181mm apart from each other. 

· At this point at TDC the power stroke occurs, this is where the air and fuel mixture is ignited with a spark causing a tremendous jump in pressure as the fuel burns forcing the piston down the cylinder once again.

· (0.152s) later the engine is now at BDC once again which indicates the exhaust stroke, the exhaust valve opens once again creating a chamber of low pressure so the piston moves back up again and forces the now burnt gas out of the cylinder. 









Graph 2: Velocity

· As previously stated the graphs start at TDC when the 2 parts are furthest apart. The graph states a minus figure for velocity as the piston is travelling down the cylinder and the crank pin point and the top of the conrod are getting closer together.
· As the intake stroke is complete and the engine is at BDC where the 2 points are 95mm apart from each other, the figure for velocity now becomes a positive 1.168963m/s

· Velocity reaches its highest positive value of 28.272.71m/s as the rod begins to travel from BDC to TDC on its compression stroke.

· This graph shows constant fluctuations and changes in velocity that the conrod is subject to under 6000rpm of revolutions where it is introduced to multiple pressures in such a small period of time.





Graph 3: acceleration/ force 

· The max tensile force on the rod is 10664.23N which is the value that I received when put the 3SGTE values into the chart the faculty supplied me with.

· Each stroke requires 180° of crankshaft rotation so the complete cycle takes 720° of crankshaft rotation therefore each stroke has different pressure surrounding it so the engines internals are subject to fluctuating forces during the combustion process.

· (Hilliers, Fundamentals of motor vehicle technology, 6TH edition, Oxford) At TDC the force is represented as a minus figure of -10526.3N because of the direction of the travel which the force begins to increase in its figure throughout the strokes cycle.

· The intake valve is opened and the vacuum created causes a small force applied to the piston, the motion moving to BDC has a value of 5620.645N

· (Page 62)“At these high engine speeds where max bhp is received, large inertia forces act on the piston and impose loads on the rod”. “This causes tensile stress around TDC and compressive stress at BDC”. 

· The graphs confirms the hillers book when the crank angle is just before or just after TDC inertia forces are high. Since the forces are much greater at TDC the inertia forces impose high tensile forces on the big end of the conrod and it is to be forced back down and around in the crank case. 

Conrod construction and materials
(advanced motorsport engineering, by liversey) The gas forces which a piston is subject to as well as the motors oscilating mass forces exert a high accelerating/decelerating, tension/compression alternating load on the conrod and therefore highly demands on its construction.
Consequently, the mass, dimensions inherent stability, conrod bolts, hardening and tempering of the steel alloy and the dimensioning of individual points along the conrod are of high importance.
The most important aspects include:
· Gas force load 
· Pressure/tension in the shat as well as the transition of the shaft to the crank eye
· Buckling security of the shaft
· The deformation of the small end conrod eye
· Separation of the conrod dividing joints 
· Lateral forces in the dividing joint 
· Bending load
· Temperature

Due to the extremely high forces which the conrod eye is subject to makes the temperatures rise. F1 and WRC teams use temperature monitoring of the bearings under different load scenarios to find the destruction and overheating point of the conrods bearings so they can design the rod to withstand conditions or build them to run throughout the different load scenarios. A common cause of rod failure is may not even be the rod itself but the bearings on either end of the rod. (Sir Jackie Stuart, advanced motorsport engineering, by liversey)”Bearing failure may occur under overloading of the bearing, oil starvation”. “Loss of lubrication may also occur for using too thin of oil”.
Conrod upgrades are built to extened to ultimate yeald/tensile strength as well as the all round ability to survive the extremeties of motorsport applications. 
Most stock rods are cast iron or powder metal. These are a mix between copper and phosphorous and other ingredients before it undergoes shaping and “sintering”. Powder metal is pressed and hot forged into its final shape then placed in an oven to be tempered (where the iron flakes and other ingredients bond together).At this point the rods are very consistent in weigth which makes balancing easier. The big end bore is then cracked apart to create the cap and the wrist pin, the same goes for the other end.

(Engine builder magazine 2017, preventing connecting rod failures.)
Powder metal rods are a good upgrade over stock cast rods because there stronger and less prone to cracking under extremeties. Depending onon how well the process is done the can be just as good as forged rods and are reasonably priced.
Forge steel rods (usually 4340 steel) are the most common performance upgrade. Some forged rods will have lightened holes near the big end, to reduce weight further metal can be removed without compromising overall strength.
Billet steel rods cost more than forged rods because of the extra machining work that is required to cut them from a solid plate of steel one benefit of billet steel rods is that they can be custom made to fit virtually any application.
Aluminium rods have a much higher coefficient of thermal expansion than steel rods so that the rod has to be somewhat shorter to allow more deck height also to allow for this if the rods get too hot. So aluminium rods may have a shortened life from the stretching that occurs over time.



Conclusion
· The values calculated for engine prove the areas where the connecting rod are under most stress as confirmed in the (Hilliers, Fundamentals of motor vehicle technology, 6TH edition, Oxford). For example at TDC the inertia loads impose high tensile forces on the big end of the rod.
· Conrods transmit the up and down reciprocating motions of the piston and the crankshaft where it is turned into reciprocating motion where many outcomes can occur and fatique can be an issue in motorsport use therefore high quality in build and high tolerances are required.
· The maximum engine speed is limited by the hardware of the engine and inertial forces.
· The length and mass of the components may hinder the power output of the engine therefore in this case the conrod, crank and piston are lighter than the stock engine
· The graphs supplied for this analysis clearly go into detail about the changing in forces and stress over the 3sgte engines strokes where there are times of more pressure and less.


Evaluation
For the assignment it would be best to go into more detailed and create the static graphs on excel rather than being supplied templates by the faculty. It would have been wiser to measure the conrod length with proper measuring equipment than doing it with a ruler and measuring tape. It would have been less hassle to use engine internals from the UWTSD workshop instead of tearing apart a relations rally car even though it needed a rebuild.
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Crank Radius (mm) 43mm

Conrod Length (mm) 138mm

RPM 6000rpm

w

628.3185<-angular velocity

Compute Time Interval 0.0002<-time interval between calculations

Mass of Piston/gudgeonpin etc (kg) 0.48 Max tensile force on rod 10664.23


