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1. [bookmark: _Toc109312431]Introduction:
An engine Dynamometer is used to find certain characteristics of an engine such as Power and Torque. Different sensors can be used in order to make different calculations, which can allow the Dyno Tester to maximise efficiency or identify a problem. This is very good for tuning the ecu and adjusting components on the engine. This one, in particular, was connected directly to the engine. This gives a more accurate reading of the engine as some power would be lost through the drivetrain and wheels.
[bookmark: _Toc109312432]Aim for the testing:
The engine that was being investigated was a Ford 1.6 GTDi Ecoboost which has 4 cylinders. Data was collected from the testing and calculations and graphs were made in Matlab, such as, 3d graphs; 2d graphs (including double y axis) and heat graphs. These are very useful as the are easy to read and identify things to change. The investigations that were made were: Specific Fuel Consumption heat map (against engine load and RPM); Double Y axis graph of Torque and Power against RPM at full load; Double Y axis graph of Thermal Efficiency and Brake Mean Effective Pressure at full load and a 3D plot with cylinder pressures against all RPM’s and crank angles.


[bookmark: _Toc109312433]Dyno Equipment and Method:
The Dyno that was used for the investigation was a Schenck WS230. This is an Eddy current type dynamometer. This has an inner core which is free to spin with the engine and the outer casing is fed by current to create an electromagnetic field. This creates a resistance (or force) which is measured by a Strain Gauge which converts the load to an electric signal between 0 and 10 volts. This is sent to the computer software where the voltage is read as an equivalent torque so power and torque can be calculated. Calibration arms are made to a specific tolerance (length) and weights can be added to change the load on the strain gauge.
The Fuel setup consists of a lift pump from the main tank which is fed through a filter and fuel flow meter. This then enters a swirl pot (a secondary small tank to reduce the risk of fuel starvation). It is then fed through a regulator which has a return line for the excess fuel.
The exhaust fumes are extracted through the extraction system which is connected directly to the exhaust.
There are 3 ways of doing the Dyno test: Manual, Step and Sweep. With Step testing, you are able to manually target problems and it holds at the desired RPM’s. Sweep tests are quicker and constant but not as accurate as the Step test. The engine wont overheat as its not being held at an RPM.


[bookmark: _Toc109312434]Matlab Calculations[image: ]:[bookmark: _Toc109248331][bookmark: _Toc109312110]Figure 1 Calculated Torque

Torque: Torque is the moment that the engine produces, measured in (Nm). On the Dyno, it was calculated by multiplying the Dyno Load and the Arm Length. The general trend is that as the RPM’s increase, so does the Torque.







[image: ]Power: Power is the rate at which the engine can apply torque, measured in (Watts)[bookmark: _Toc109312111]Figure 2 Calculated Power









BMEP: Brake Mean Effective Pressure, measured in (Pa), is the uniform pressure on the piston to create horsepower. It is just theoretical and is a tool to work out the efficiency of producing torque from a displacement. (EPI Inc, 2019).
[image: ]
SFC: Specific Fuel Consumption is the amount of fuel consumed for each unit of power output, [bookmark: _Toc109312112]Figure 3 Brake Mean Effective Pressure

[image: ]measured in (Kg/kWh). [bookmark: _Toc109312113]Figure 4 Specific Fuel Consumption










[image: ]Thermal efficiency: Thermal efficiency is the ratio of heat that is used as work done, measured in (%). (Wikipedia, 2022). In this Calculation, the calorific value of petrol is needed which I found to be 45000 (KJ/Kg). (toppr, 2020).[bookmark: _Toc109312114]Figure 5 Thermal efficiency



[bookmark: _Toc109312435]Graphs:
[bookmark: _Toc109312436][image: ]Torque and Power against RPM:[bookmark: _Toc109312115]Figure 6 Torque and Power Dyno Graph


              This graph shows how the Power and Torque change as you increase RPM. As you can see the Torque peaks at a lower RPM (3000RPM) than the Power (6000RPM). The Torque rises with a quick rate and then begins to plateau and then drop off but at less of a rate that it rose. However, the Power rises with a slower rate as you go through the RPM’s. This is due to how the engine is tuned and designed. Some of the factors are air flow (in and out), fuel flow, air to fuel mixture, timing, valve springs, camshaft and port design etc. (mechanics.stackexchange.com (2015)).






[bookmark: _Toc109312437]BMEP and Thermal Efficiency against RPM:
[image: ]This graphs shows how the Brake Mean Effective Pressure and Thermal Efficiency changes as you increase RPM. As the RPM is increased the BMEP increases rapidly and linearly until 2000 RPM and then begins to plateau off and then drop at slower rate after 3000 RPM. This is due to it burning more fuel and creating more pressure but then it drops due to pressure drop in the inlet system. (physics forums (2015)). The Thermal Efficiency decreases rapidly at the start but as the RPMs increase, the rate of change is decreases and begins to plateau. This could be down to heat lost through exhaust gasses and frictional losses. (brighthubengineering (2010)). Both of these graphs are when the engine has 100% load.[bookmark: _Toc109312116]Figure 7 BMEP and Thermal Efficiency against RPM



[bookmark: _Toc109312438]Load and Engine Speed SFC Heatmap:
[image: ]This is the heatmap for the engine at different loads and RPMs which shows different Specific Fuel Consumptions at different Loads and RPMs. As you can see, the engine has the worst SFC at 100% load and 6000 RPM which is what you would expect as its doing the most work. And it’s the opposite for little RPMs and Loads as its doing the least work so less fuel is required.


[bookmark: _Toc109312117]Figure 8 SFC Heatmap





[bookmark: _Toc109312439]3D plot of Cylinder pressure through all RPM’s and Crank Angles:
[image: ]At 0 degrees crank angle (Top Dead Center) the pressure increases with engine speed but then drops off slightly and then picks up again at the end. This could be due to different Air/Fuel ratios, timing and temperature etc.
[bookmark: _Toc109312440]
[bookmark: _Toc109312118]Figure 9 3D plot of Pressure, Crank angle and RPM

[bookmark: _Toc109312441]Conclusion:
All of the data was calculated and made into visual graphical data which showed the different characteristics that we were investigating. There didn’t seem to be any anomaly’s either. 
When watching the videos, I did notice that there wasn’t the original exhaust on the engine which might affect the results as the back pressure and temperatures would be different.


[bookmark: _Toc109312442]References:
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