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The aim of this report is to record, analyse and evaluate the process and results of an Engine Dynamometer Test (Dyno Test) . The results of the dyno test will produce raw data of load and speed at a throttle opening of 100%. The actual test was performed in a small group of 3. The application of the raw data and calculation of Corrected Power, Torque and BMEP using equations was done individually. 

Figure 1 
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The specific dyno available is an Eddy Current Dynamometer with a liquid water cooling system. An Eddy Current Dyno is an electromechanical energy conversion device, which converts mechanical energy to electrical energy. Above is a photo of the engine in the dyno set up (Figure 1) and a diagram of the Eddy Current Dyno (Figure 2). The Cooling System is indicated by the purple piping in Figure .
Figure 2 consists of the outer frame as the stator, which is also called a stationary member of the machine. The stator consists of windings, which are placed in stator slots. When the stator windings are excited, a stator magnetic field is produced in the stator coils.
The stator windings are made of copper. The outer frame, i.e. the stator is made of a magnetic material like cast iron. The rotor is kept below the stator coils. The rotor is placed on a shaft so that it can rotate. Rotor windings are placed on the rotor slots.
The rotor must be connected to the prime mover (engine), such that when the prime mover rotates, it provides the mechanical input to the device. A direct current (D.C) supply is used to excite the stator windings. 

Once current meter (as shown in Figure ) is used to measure the current produced and torque induced. A pointer is connected by an arm to the stator, which can measure the torque generated in the rotor. And with the knowledge of speed, by using this torque value, we can calculate the power generated in the machine.
(Elprocus, 'No Date')
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The Dynamometer Test was done using a 1.6 D16 engine from a 2003 Honda Civic. According to AutoStatistics.net, this is a Petrol, naturally aspirated, inline 4. (AutoStatistics, 2021)
The recorded temperature in the room was 26°C The biometric pressure was 1010.67mBar and the humidity was 42.8%. 
Once we had ensured the equipment was calibrated correctly, the test was ready to be started. This was achieved by using a setup of monitors and dials in an observatory room to the dyno room. The observatory room provides necessary protection in the event of dyno and engine malfunctions. The observatory also provides noise insulation from excessive engine noise. 
Once the dyno room has been cleared and all systems are ready and functional. The engine can be started by holding down the crank button. After ignition. Then we needed to decide whether to do a sweep or step test. Due to the nature of our testing we needed to do a sweep test.
This is where the computer slowly rises the engine speed (rpm) from a chosen level to another chosen level. This was so the results would show the full rev range. We chose from 1000rpm (idle) to 5500rpm, which is the predicted above peak power rpm level. Top end RMP is hopefully above peak power and must be met. This is because if you make it too low then you might possibly not record the peak power. This will be evident from seeing a power run graph that does not have a dip at the end and just continually goes up. This is easily fixed by simply putting in a new top end rpm value for the computer to rev the engine up to.
Once the test is complete, the data is saved and sent to each tester. Using the data gathered each tester can create an excel data spreadsheet. The spreadsheet includes calculations of torque, corrected power and BMEP. 
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Using Excel, we were able to plot and calculate values using the data collected from the dyno tests.
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Figure 5
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To perform calculations, we use SI Units or the International System of Units. This allows our results to be internationally usable, even if language barriers are present.
Using SI units, equations and our raw data we can calculate various other values.
Firstly, torque, measure in Newton Meters. Using the function tool and typing in =SUM(A8*$G$5), which translates to the force multiplied by the radius of the torque arm. This can then be applied to all data values and gives us the torque for all levels of engine speed. 
Secondly, Power, Measured in Watts. Using the equation 𝑃=2𝜋𝑁𝑇60. T being the torque that was just calculated. So again, in the function tool typing SUM(2*PI()*B8*C8)/60. (PI() is how to write for pie in excel functions).
Thirdly, Corrected Power (Ps), also in Watts. In the function tool typing =SUM(((1.01325/$G$3)*(SQRT($G$2/293)*D8))). This is based off the corrected power equation 𝑃𝑠𝐵𝑃= 1.01325𝑃𝑎√𝑇𝑎293. (SQRT meaning square route in excel function form). 
Lastly, BMEP. This needed some equation reshuffling before use. Using 𝐵𝑃= 𝐵𝑀𝐸𝑃𝑥𝑙𝑥𝐴𝑥𝑁𝑥𝑛60𝑥2 and then reworking it to make BMEP on its own. It is done as shown in Figure 6.
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To fill in the function for BMEP, the equation =SUM((60*2*E8)/($J$3*$J$4*B8*4)) is needed. This is also dragged down the table to calculate the results for each value.
[image: ]Figure 7




Figure 7 then shows how, when applied, these equations can produce accurate values. These can then be used for different purposes. Most notably, plotting graphs.
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After calculating the various values, we can produce graphs.
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Until the engine reaches peak RPM, torque and speed are roughly directly proportional. At peak RPM, torque  begins to drop off. This is primarily due to the intake and exhaust flow restriction. In other words, Volumetric Efficiency declines because the engine can't breathe any faster. Mechanical efficiency also declines at higher RPM, due to increased frictional resistance. This further reduces torque at the output.
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Again, both values (Power and Engine Speed) appear to be directly proportional. At lower speed, there is not much difference in brake power. However, at higher RPM the power reaches maximum strength. 
As speed increases the brake power increases, leading to a higher Brake Thermal Efficiency (BTE). However, increasing friction and inertia of moving parts due to high-speed lead to a decrease in BTE. (Maawa, 2015)
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From what I expected and can tell, our tests were accurate and correct. While analysing and researching similar tests.
Similar Tests:
[image: ]                              Figure 10






                                                 (Stark, 'No Date')
Figure 10 details various versions of our graph Figure 8. When comparing the two we can see the higher percentage curves somewhat resemble our curve. The percentages are simply how much acceleration is being applied. This allows us to see our own work in further detail. Comparing Figure 8 to Figure 10, we can form  predictions and analysis into how acceleration effects torque vs speed.
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                                                           (Iqbal, 2013)
Figure 11 ‘Effect of Engine Speed Variation on Brake Power’ illustrates the success of our own tests. The graph shows a similar curve to that of our own graph Figure 9. The engine brake power at full load operating condition. At lower speed, there is not much difference in brake power but at higher speed a large deviation among the power curves is observed. (Lish, 2015)
From using this external data, we can infer that our dyno and engine are in healthy condition. The engine appears to be performing correctly at varying levels of torque. I can then infer that while controlling the speed and torque, the values I was witnessing on the command monitors were accurate.

[bookmark: _Toc90036967]6.0 Evaluation

To ensure accurate test results the engine is maintained and cooled.

Conditions are stated when recording and calculating data, as varying conditions can effect the engine and the dyno itself.

A cooling system of ventilation and fans are used to reduce the possibility of the engine overheating. Not only could this damage the engine and dyno, but it could effect the results of the test.

When performing the tests, a computer unit is used to control the equipment. This ensures that tests can be caried out in identical fashion without the chance of human error. This also means that if test results are different, then inferences can be made about the equipment being tested. On rarer cases it could also imply an error with the programme or dyno. However, in such a case, the programme will show an error message detailing the issue.
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