


Introduction

This write-up will investigate the dynamometer testing of a 1.6 litre inline 4 cylinder Honda engine. The aim of this test is to gain data on the performance of the engine which can then be used to calculate other data values. The data collected from the dyno testing includes: Load (N), dyno speed (rpm), fuel flow rate (l/min) and lambda. This data can be used to calculate the torque produced by the engine (N), the measured and corrected power for varying atmospheric conditions (kW), the brake mean effective pressure (BMEP), Specific fuel consumption (SFC) and overall thermal efficiency.

Testing equipment used

· Eddy current dynamometer
· Calibration arms 
· Calibration masses
· 1.6L Honda engine
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Figure 1 – Eddy current dynamometer with calibration arms attached and 20.45kg calibration mass attached to one of the arms.




Method
Calibration:
The dynamometer used in this test is a Schenck WS230 which has a maximum power rating of 230kW and is suitable for engine testing up to 10 000 rpm. It is an eddy current dyno which works by attaching the inner core to the crankshaft of the engine being tested. This inner core is able to spin freely and is powered by the engine. The outer casing is fed by current which creates an electromagnetic field. The electromagnetic field created puts a load on the engine, trying the slow it down. The result of this is that the outer casing of the dyno tries to turn due to the power of the engine, however as it is connected to a strain gauge, it is unable to turn. The strain gauge then sends a signal of 0-10 volts to the computer system that controls the dyno.
In order to convert the reading from the strain gauge in volts to a load in Newton’s, the system needs to be calibrated using calibration arms of a specific length, which are 815.776mm long. A mass is hung off the end of a calibration arm, which puts a turning force onto the outer casing of the dyno which will cause the strain gauge to send a signal of a certain voltage to the dyno computer system. The mass on the calibration arm can then be increased incrementally, noting that as the mass is increased, the voltage of the signal from the strain gauge will increase. The masses hung off the calibration arm can be converted to weight by multiplying it by the gravitational constant of 9.81. The weight values can be multiplied by the length of the calibration arms (0.815776m) to give a torque value in Newton’s. These torque values are then calibrated to the respective voltage from the strain gauge when the mass was hung on the calibration arms. This process enables us to calculate torque produced by an engine by using the voltage created by the strain gauge.

Testing:
After the dynamometer has been accurately calibrated, you can begin performance testing the engine in order to acquire the required data. In order to gain data for the entire rpm range, a sweep test must be conducted. Before a sweep test, you must ensure the starting rpm, finishing rpm and data interval are set up correctly on the dynamometer computer system. For this test, the starting rpm is set to 1250, the finishing rpm is set to 5500 and the data interval is set to 50 rpm, meaning the dyno will take data every time the engine speed increases by 50 rpm. To perform the test, the engine throttle must be set to 100% and then you can start the test. The dyno computer will control the engine as it performs the test and will plot a power and torque graph for the whole rpm range and will give you various other data aspects for every 50 rpm increase such as lambda and fuel flow rate as long as the required sensors as attached to the engine rig.







Graphs and analysis
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The above graph shows the relationship between specific fuel consumption (SFC) and engine speed. SFC is a measure of the amount of fuel used in order to make a certain amount of power, enabling the fuel efficiency of different power output engines to be directly compared. The lower the SFC value, the less fuel is being used to create the same amount of power, meaning the engine is more fuel efficient. On this graph, we can see that the SFC is lowest between 1500-2500 rpm, meaning this rpm range is where the engine is most efficient. This is due to the physical components used in the engine such as the camshafts, surrounding components required for the engine to run such as intake and exhaust design as well as factors that can be tuned within the ECU such as spark timing and air/fuel ratios. Because the SFC values are at their best low down in the rpm range, it indicates that this engine has been designed and tuned to be used in that range most often, meaning this engine is designed for good fuel economy in urban driving environment or has been detuned in order to not over work the engine as it is used on the dynamometer, which can put a lot of stress on an engine. The SFC increases significantly as the rpm increases, showing that the engine is getting less efficient. This is because the power strokes occur more frequently, therefore using fuel more often, resulting in a higher overall usage.
[image: C:\Users\alexj\OneDrive\Documents\UWTSD\Vehicle Motorsport Technology\Screenshot 2023-03-26 151446.png]











The graph above shows the torque produced by the engine across the rpm range. On this graph, it can be seen that the torque peaks at 2500rpm. This creates its highest torque at this rpm largely due to the physical specifications of engine components, such as the crank pin offset which is exactly half the stroke of the piston As torque is a measure of force over distance, a longer stroke will create more torque as the force will remain the same however it is being applied over a longer distance. This engine has a bore of 75mm and a stroke of 90mm. As the stroke is longer than the diameter of the bore, this engine is known as an under square engine, meaning it is optimised for higher torque at lower rpm but it cannot rev as high as an over square engine, which is optimised for higher power at high rpm. It is unable to rev as high as a longer stroke means the piston has to travel a further distance in the same amount of time, meaning the piston velocities are greater. Due to the greater piston velocities, the rpm limit of this engine will be lower as the piston will be unable to withstand the inertia at higher rpm, which explains why this engine only revs to 5500rpm.
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The graph above shows the brake power produces across the rpm range. Brake power is a measurement of the rate at which work is done, with the torque being the amount of work done and the rpm determines the rate. Since this engine makes its peak torque of 103.46Nm at 2350rpm, you may expect it to make its peak power at the same rpm, however, this is not the case as when the engine is rotating at 5500rpm, the torque produced is still at 72.3Nm which although 30.12% lower than peak torque, and the rpm has more than doubled, enabling the engine to still create its peak power in the high rpm range. This tells us that a higher rpm limit has a greater effect on the max power that can be produced as opposed to a higher peak torque.

Conclusion

In conclusion, it can be determined that the 1.6L Honda engine used for this dynamometer test has been detuned in order to reduce the stress occurred by the engine such that it endures less wear and can have a longer lifespan. This conclusion can be drawn due to the low peak power output of 44.15kW, the low rpm limit of 5500rpm and a lower than average BMEP value which peaks at 812.56kPa. The lower than typical BMEP value tells us that the combustion chamber and piston are under less pressure, which will reduce fatigue and therefore reduce the wear of the engine. The under square engine design also indicates that it has not been designed for high horsepower applications.
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