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1. Measurements and data collection

1.1  camshaft
Cam lift was measured using a dial gauge as shown in figure 1 and valve lift from this data using matlab. Lift measurements with resolution of 0.01mm taken every 1 degree rotation were taken. Only being able to record accurate lift changes of 0.01mm is not ideal especially during the initial lift period where it follows an exponential curve starting with very small lift changes. This makes it difficult to accurately determine degrees of opening and closing points. This is worsened by the runout of the cams because it meant lift measurements changed even when not measuring on the lobe. Runout was measured on the journal adjacent to the lobe every 10 degrees and data interpolated by the polynomial equation of a trendline. It was important to take measurements for both lift and runout starting from the same point. The degrees rotation was measured by 360 increments and human error is likely to occur in this setup because of the reliance on the human eye to line up small increments and the sheer number of measurements to record.
                                                                                                                              Figure 2
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Figure 2 shows the cause of the runout. The centre punched hole is slightly off centre and causing the cam to spin eccentrically. The cam journal closest to this end had runout of 0.5mm whereas the opposite end only 0.1mm.

1.2 flowbench
flow testing was done on a superflow 600 with the cylinder head with valves and springs installed but no intake or exhaust manifold. A plate with threaded holes was fixed above and bolts screwed down onto the valve stems to open the valves. Lift was measured by dial gauge on top of the bolts.

2. Valvetrain analysis
2.1 valve timing
[image: ]Although care has been taken attempting to collect accurate data, the valve duration results seem slightly incredible. Over 300 degrees duration is suitable for a high revving engine to give the time area required to for the gas exchange process at high speed. However, flow testing and valve-piston clearance estimation suggest the valves do not reach their maximum useful lift and this discrepancy suggests a mistake. Increasing the lift and possibly the valves acceleration to full lift while reducing duration could give the same time area and also reduce bad effects excessive valve duration can cause. Valve overlap is useful at high engine speeds to completely scavenge the combustion chamber but at low speeds the intake charge can mix with the exhaust gas causing poor fuel-air mixture quality or escape out of the closing exhaust port. Opening the exhaust port, therefore dropping combustion chamber pressure, too early can result in a loss of work done by the gas expansion. The closing of the inlet valve needs to be carefully timed to trap as much gas as possible in the combustion chamber for maximised volumetric efficiency and this can be assisted by a well-timed high-pressure pulse from the inlet manifold arriving as it closes. Delaying the intake closing point delays the point at which pressure begins to build in the combustion chamber and can reduce the volumetric efficiency and even expel some charge back out of the port. 
2.2 mechanical limits.
[image: A graph showing the performance of a engine

AI-generated content may be incorrect.]The graph shows contact force between the cam lobe and bucket. With the valve spring rate, mass and cam profile valve float doesn’t occur until around 7500rpm. 
Substituting steel valves, buckets and retainers for titanium, therefore reducing their weight by 40% calculated from respective densities would give a new float rpm of near 11000rpm whilst reducing the work done by the engine to accelerate them. Alternatively, the spring rate can be increased by 45% to give the extra force required to decelerate the valves as they reach full lift and achieve the same float rpm. The first method is preferable although more expensive because it decreases mechanical losses instead of increasing them by forcing the engine to compress stiffer springs.




3. 

3.Flow analysis
[image: ][image: A graph with a line and numbers

AI-generated content may be incorrect.]These graphs show flow in litres per second against valve lift. Initially the flow increase is linear as the effective area of the valve is determined by the gap between valve and seat. As the valve reaches lift around ¼ of the valve head diameter the flow plateaus. At this point the opening between seat and valve is no longer the smallest area and the flow is now throttled in the between the valve stem and the port tract. As described in 2. Valvetrain analysis the actual lift of the valves doesn’t reach this point which from a tuning point of view would be a good starting modification as it increases the amount the engine could flow for a given speed without altering any valve timing. This assumes there is adequate clearance between valves and piston.
[image: ] 


[image: ]The actual values in the two graphs below don’t mean anything but give useful insight into the potential for flow through the engine at different speeds. What’s calculated is flow through the inlet port compared with crank degrees for a variety of speeds and total flow over one engine cycle against rpm. The values are useless because pressure difference is not constant in a running engine and gas does not accelerate instantaneously when the valve is open. However, if the aim is to raise peak torque by 1000rpm then it could be said that it requires the same potential for flow through the engine at the new peak torque rpm as it did through the old one. Using this assumption, virtual changes could be made in the spreadsheet to the valve lift, duration, acceleration to full lift and flow saturation point in order to maintain the same flow/cycle at 1000rpm higher engine speed or the same area under the curve in figure 4
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