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Introduction.
This write-up investigates the testing of a 1.6 litre Honda petrol engine. The main aim of this test is to gain data on performance. This data can then be manipulated to give us new sets of data. The data that will be collected from the engine dynamometer is engine load (N), engine speed (RPM), fuel flow rate (l/min), and Lambda. From this given data, we can work out how much torque (N/M) the engine produces. As well as this we can also determine the Specific fuel Consumption (SFC) and overall thermal efficiency of the engine. The measured and corrected power produced by the engine in varying atmospheric conditions can also be calculated.
Testing equipment.
· Eddy current Engine dynamometer.
· 1.6l Honda engine.
· Calibration masses.
· Calibration arms.

[image: ]
Figure 1. Eddy current engine dynamometer with engine attached.



Method
Calibration.
· In the test we used a Schenk WS230 Dynamometer. This dynamometer has a power rating of 230KW and is capable of testing an engine up to 10 000rpm.
· The Dyno that was used has a driveshaft connecting the inner core of the dyno to the crankshaft of the engine that is being tested. This allows the inner core of the dyno to spin at the same speed as the engine as they are directly connected. (See figure 3)
· Photo
· The outer casing of the dyno floats. It is fed by a current that creates an electromagnetic field. This electromagnetic field puts a load on the engine and tries to slow it to a stop. This results in the outer casing trying to rotate.
· A strain gauge bridges the gap between the base of the dyno and the outer shell that rotates. The strain gauge can then measure how much the outer shell rotates based on this measurement it sends a signal between 0-10 volts to the computer that controls the dyno.
· In order for the dynamometer to effectively measure the characteristics of the engine, the system needs to be calibrated. This is done by using a pair of calibration arms that are each 815.776 mm long.
· A mass must be hung off the end of the calibration arm. This mass at this specific length creates a specific amount of torque turning the outer casing of the dyno. This will move the strain gauge, sending a certain amount of voltage to the computer operating the dyno.
· The mass of the arm is then increased incrementally. As this is done, the voltage of the signal sent by the strain gauge will also increase.
· The masses that have been hung off of the calibration arm are converted to weight by multiplying the mass by the gravitational constant (9.81). this weight that has been calculated can be multiplied by the length of the calibration arms (0.815776m) to give a torque value (N). 
· These torque values are calibrated to the respective voltage from the strain gauge when the mass was suspended from the calibration arms.
· [image: ]This process enables us to accurately calculate the torque produced by the engine using the voltage produced by the strain gauge.
[image: ] Figure 3. Driveshaft connecting the engine to the dynamometer


Figure 2. Mass being hung of calibration arm.                 

Testing.
· Once the dynamometer has been accurately calibrated, you can begin to test the engine, allowing you to accurately collect the required data.
· To gain data from the whole rpm range, you must conduct a sweep test. However, before you must ensure that the rpm you are starting from and finishing at are set up correctly on the dynamometer computer system. For this test, the starting rpm is at 1000 rpm and the finishing rpm was set at 5500 rpm. For every increment of 50 rpm, the dynamometer will take a reading.
· When performing the test, the engine’s throttle must be set to 100% open. The dynamometer computer will control the engine as it is being tested. (See figure 4).
· The computer will plot a power and torque graph for the entire rpm range. As well as this, other sets of data such as lambda and fuel flow rate can also be logged as long as the required sensors are put in place.

[image: ]
Figure 4. Engine dynamometer computer with controls for throttle position and resistivity of the dynamometer.





The graph above is showing the relationship between the specific fuel consumption (SFC) and the engine speed (RPM). The specific fuel consumption is the amount of fuel used to produce a specific amount of power. This allows us to compare the fuel efficiency of different power-output engines. 
Looking at the graph we can see that the engine is most fuel-efficient at 1300 – 2600 rpm. We know this because it is where the specific fuel consumption is at its lowest. Many components of the engine can have different effects on how the engine can perform. Moving components like the camshaft can affect how much fuel the engine uses at certain rpms. Other components such as the exhaust and intake design can also affect this. The tune that the engine control unit (ECU) uses to operate the engine can also massively the SFC at certain RPMs due to its ability to alter the air/fuel ratios. 
Because the SFC values are at their lowest in this specific RPM range (1300-2600). We can determine that this engine has been designed and tuned to operate in this rpm range most often. From this, we can say that the engine is designed for good fuel economy in mostly urban environments. However, the engine could have been de-tuned so that the engine is not overworked as the engine is on the dynamometer. This can put high amounts of stress on the engine. As the rpm’s increase, we can see that the SFC drastically increases. This is because the power strokes from the engine are occurring more frequently, thus using more fuel more often resulting in an overall higher usage of fuel.





The graph above shows the relation between the engine speed (RPM) and the torque (Nm) that the engine is developing.
Looking at the graph we can see that the engine is producing between roughly 75-105 Nm over the entire rpm range. We can also see that the engine is producing peak torque at 2350 rpm. 
Specific components of the engine can alter how much torque the engine can develop. The crank pin offset (which is half the length of the stroke of the piston) can have a large effect on how much torque the engine makes. This is because torque is a measurement of force over a distance, therefore, having the same amount of force applied but over a larger distance will increase the amount of torque produced by the engine.
The engine that was tested (D16 1.6l VTEC) has a bore of 75mm and a stroke of 90mm. As the stroke is larger than the bore, the engine is classed as under square. This means that the engine has been optimised to make more torque at lower rpm, however, this restricts its ability to rev as high as a square or over-square engine. These engines tend to be designed for more power at greater engine speeds. Longer stroke engines are unable to rev as high as short stroke engines because the piston has to travel further up and down. The velocity of a piston with a stroke of 80mm would be higher than that of a piston with a stroke of 70mm even if they are at the same rpm. Due to these greater piston velocities, the rpm limit of the engine will be set lower as the pistons would not be capable of withstanding the inertia at higher rpm. This is why the D16 engine used in the test has a limiter set at 5500 rpm.








Above shows a graph displaying the relation between engine speed and brake power. Brake power is the measurement of the rate at which work is done, torque being the amount of work and the engine speed (RPM) determines the rate.

Looking at the graph we can see that the engine that was tested made its peak power (44.08kW) at 4550 rpm which is considerably higher in the rpm range compared to the peak torque figure. We can also see that when the engine speed reaches roughly 4800 rpm, the power starts to drop off. This is because, after a certain point, the engine has to put more effort into turning the physical components of the engine. This is due to things like friction and the laws of thermodynamics. As well as this, the engine will struggle to breathe at such a high rpm as the engine has been designed to run most often between 1300-2600 rpm. Things like the profile of the camshaft lobes can affect how the engine can perform at higher rpms. At higher RPMs, the intake and exhaust valves can begin to float. This is when they don’t seat in the head properly and can bounce off or float between the cam lobe and its seat.









Evaluation.
I believe that the test could have been improved if there were to be a second engine that could have been tested so that we would have something that we could compare it with. I also think that on a whole the tasks have been completed effectively.
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SFC vs Engine speed
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Torque vs RPM
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RPM vs Measured Power
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