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[bookmark: _Toc193802551]Introduction
The aims of the engine dynamometer test are to measure an engine’s performance by collecting data such as the load on the engine, the fuel flow rate, and the engine speed. These values can then be used to calculate the power, torque, specific fuel consumption, and thermal efficiency of the engine. The data can then be analysed to determine the safety and performance of the engine as well as highlighting any issues.

[bookmark: _Toc193802552]Description 
The engine being tested is a Honda 1.6l Vtec D16 Model. The sensors on the engine are a coolant temperature sensor, and a lambda sensor. The dynamometer being used is a Schenck WS230 eddy current dyno with limits of 10000rpm and 230kW. The engine is connected to the dyno by the driveshaft which is bolted directly to the crankshaft. This means that the engine speed is the same as the dyno speed. The engine is also connected to the fuel supply board and the sensor recording modules. The fuel supply board is fed from the fuel safe where the fuel is stored. The fuel runs to the engine through the fuel supply board which filters the fuel and measures the fuel flow rate before running to the regulator. The regulator allows the system to be useable for both fuel injected and non-injected engines.
(UWTSD WISA Workshops, 2020 a)

The dyno has an inner core that is connected to the driveshaft and can rotate as the engine runs. The outer shell can rotate and is fed a current which produces an electromagnetic field. This field means that as the inner core spins it will be resisted by the magnetic field. Because of this resistance the outer shell will try to rotate but is prevented by a strain gauge. This strain gauge is calibrated using calibration arms. At weight is attached to the end arm on the opposite side of the dyno to the strain gauge at a radius of 815.776mm. using this known radius and known weight allow the voltage of the strain gauge to be calibrated so that the voltage measured can be converted to torque produced by the dyno.
(UWTSD WISA Workshops, 2020 a)

For all the tests there are three screens, the left shows the dyno torque, lambda which is the oxygen content of the exhaust, fuel flow rate, and some other numerical data. The right hand screen shows the dyno speed, components such as the fuel and coolant pumps, displaying whether they are on or off, as well as more numerical values. The central screen displays what is happening with the dyno, plotting it throughout the test.
(Wilmink Engine Parts, 2025) (UWTSD WISA Workshops, 2020b)
[bookmark: _Toc193802553]Brief Description of Alternate Methods
For all tests the Engine mode is direct.
[bookmark: _Toc193802554]Manual
For the manual test the dyno mode is set to torque and then the dyno and engine dials are turned as desired to increase and decrease the rpm and the current. The more current the more resistance to the engine. (UWTSD WISA Workshops, 2020 b)
[bookmark: _Toc193802555]Test Sequencing
Test sequencing allows the system to run the test. After you fill out all the parameters you press start and the test will automatically run and hold the rpm for a time as to your programmed specifications. This test can be looped to test things like drive cycles and other tests.(UWTSD WISA Workshops, 2020b)
[bookmark: _Toc193802556]P Curve (Step)
The P curve step test is good for targeting specific things. Set the start and finish rpm as well as the steps of rpm. Set the dyno mode to speed on the computer and then turn the engine dial until the throttle is fully open, then press start test. The system will change the current to hold the engine at each step of rpm and record the force required to hold the engine at the rpm. At the end of the test, it returns to 0. (UWTSD WISA Workshops, 2020b)
[bookmark: _Toc193802557]Method Used
The method used to collect the data shown in section 3 was a P curve sweep test. This test has the same setup as the step test but with the added setup of the ramp time which is the time from start to finish rpm. The start rpm was set to 1000 and the finish at 5500rpm with a step of 50rpm and a ramp time of 15s. Next set the end test throttle position to 0 and the rpm to idle (1000rpm) and the end test ramp time to 5s. Set the throttle position to 100 and start the test, the dyno will then run from 1000-5500rpm and take a reading every 50rpm as well as for the start and finish rpm. This test is less accurate compared to the step test because the sensors have a much shorter time to record the data, but it is less stress intensive on the engine because it isn’t being held at specific rpm while the throttle is fully open.
(UWTSD WISA Workshops, 2020b)


[bookmark: _Toc193802558][image: ]Data
Table 1 Dataset with calculated values

[image: ][image: ](Honda Motor Co. LTD)Table 3 Fixed values
Table 2 Dataset continued

[image: ]Table 4 Fixed values continued

(World Nuclear Association, 2020) (BP Australia, 2021) (Honda Motor Co. LTD)

[bookmark: _Toc193802559]Graphs
[bookmark: _Toc193802560]SFC vs Engine speedFigure 1 SFC vs Engine speed

[image: ]
Looking at figure 1 it can be seen that the specific fuel consumption has a u-shaped curve. This means that at the lower rpm there was a higher fuel consumption, in the middle range of engine speed from about 1500-3000rpm, the SFC is stable, and between 3000rpm and 5500rpm it climbs up again. The reason for this could be because of incomplete combustion (Irawan, B. and Winoko, Y. A. and Puspitasari, E. and Dwiyono, T., 2021). This is when the fuel can’t combust, often due to insufficient oxygen in the combustion chamber which can be caused by the valves not having enough time open before ignition at higher rpm.
(Speight, James G., 2011, p281-323).
The high initial SFC could also be because the engine has to overcome the rolling resistance.

[image: ]Figure 2 shows the torque curve of the engine; the torque rises initially with the rpm until it reaches its maximum of 103.4583Nm and is indicated by the orange line. After the maximum torque is reached the curve flattens off until around 3900rpm where it starts to drop off. It does this because at higher rpm there isnt enough time for full combustion as well as there being less airflow in the combustion chamber. When the engine reaches a certain rpm, the piston is moving too fast to allow enough air into the engine to complete the combustion, causing the torque to drop off.(Bite-Sized Science, 2020)(driving 4 answers, 2022)Figure 2 Torque vs Engine speed



[image: ]Figure 3 shows that as the rpm of the engine increases, so does the brake power. However, at around 4600rpm the power starts to drop off. This is because the power of the engine is related to the torque.   with P being power and T being torque. The lower the torque the lower the power. When looking at figure 2 it can be seen that the torque starts to fall off earlier than the power, but this could be because power is also related to the engine speed (N). So, while the torque drops the speed of the engine keeps rising which offsets the fall of the brake power. Like with torque, at higher rpm the engine can’t take in enough air for complete combustion because the piston is moving too fast. This causes the power to drop off at the high rpm. (driving 4 answers, 2022)Figure 3 Brake Power vs Engine speed




[bookmark: _Toc193802561]Conclusions
Looking at figure 1 it is clear that the engine tested is the most fuel efficient between 1500rpm and 2500rpm this is because that area of the graph is at the lowest point and remains flat. We can also conclude that the engine requires more fuel at lower and higher rpm because two of the highest points on the graph are at 1000rpm and 5500rpm. This range where the fuel consumption is lowest is good because that is around the rpm range that a road car would be at when cruising at a constant speed.
Figure 2 shows that the torque is at its highest between 2400rpm and 3900rpm which is slightly after the engine speed that has the lowest SFC. This indicates that the engine is producing the most torque as it starts increasing the fuel consumption past its optimum fuel efficiency rpm range. This is important because in your average road car, as you accelerate your rpm increases and thus provides more torque. The higher the torque the more easily the car can overcome the inertia of its mass. When you are just cruising at a constant speed you can drop the rpm back into the fuel efficient range because the extra torque is no longer needed to overcome the resistance to acceleration. 
Figure 3 shows that the power steadily climbs as the rpm increases and that there are no significant spikes in power. This suggests that the engine is in good condition and has no major problems or timing issues which could result in an uneven curve. Figure 3 also shows that the max power is 44.1554kW and is at around 4700rpm. 

[bookmark: _Toc193802562]Evaluation
As students were not able to run the test due to equipment failure a major improvement would be to fix the issue with the equipment and have the students run the test. Because of this a personal evaluation is not possible as the test was not able to be run. Looking at the data analysis side of the investigation I feel like I performed well and have accurately calculated the required values and displayed them appropriately. If I were to run the test it would be done following the health and safety guidelines and following the correct procedure to ensure accurate results acquired in a safe manner.
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[bookmark: _Toc193802566]Symbols
T=Torque
W=Engine load
R=Torque radius
V=Volume of fuel
0.75=Mass density of fuel
t=Time taken
Ps=Corrected Power
P=Power
=Overall thermal efficiency
n= Number of revolutions per power stroke
D=Displacement
CV=Calorific value of the fuel
Pa=Ambient pressure
Ta=Ambient temperature
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Load Dyno Speed Fuel Flow Rate Lambda Power Corrected P Torque BMEP SFC BP OTE
Newtons rpm I/min Lambda Watts Watts Nm kPa kg/kWh kw %
102.275 1000 0.0704 1.2658 8737.1347| 8791.8627 83.4335 659.4064| 0.3603 8.7371 22.56%
102.756 1050 0.0724 1.26783 9217.1368] 9274.8714| 83.8259 662.5076| 0.3513 9.2171 23.15%
103.689 1100 0.0737 1.27344 9743.7226 9804.7558 84.5870 668.5230 0.3383 9.7437 24.04%|
104.209 1150 0.0728 1.28476 10237.7050 10301.8324 85.0112 671.8756 0.3180 10.2377 25.57%
105.811 1200 0.0744 1.29181 10847.0491 10914.9933 86.3181 682.2043| 0.3067 10.8470 26.51%
107.51 1250 0.07895 1.29729 11480.4369 11552.3486 87.7041 693.1585 0.3075 11.4804 26.44%|
109.488 1300 0.079 1.29895 12159.3236 12235.4877 89.3177 705.9114| 0.2905 12.1593 27.98%
111.797 1350 0.0796 1.29469 12893.2814 12974.0428 91.2013 720.7984| 0.2761 12.8933 29.45%
114.268 1400 0.0835 1.2855 13666.3395 13751.9432 93.2171 736.7299 0.2732 13.6663 29.76%
115.783 1450 0.0847 1.27818 14342.0867 14431.9232 94.4530 746.4977| 0.2641 14.3421 30.79%
116.985 1500 0.08865 1.2795 14990.6678 15084.5670 95.4336 754.2474| 0.2645 14.9907 30.75%|
117.788 1550 0.0932 1.27766 15596.6845 15694.3797 96.0886 759.4247| 0.2672 15.5967 30.43%
118.471 1600 0.0959 1.28235 16193.1590 16294.5903 96.6458 763.8283 0.2648 16.1932 30.70%
118.772 1650 0.09875 1.29028 16741.6229 16846.4898 96.8913 765.7689 0.2638 16.7416 30.82%|
118.656 1700 0.10005 1.29942 17232.0985 17340.0376 96.7967 765.0210| 0.2596 17.2321 31.32%
118.861 1750 0.10305 1.31053 17769.5721 17880.8779 96.9640 766.3427| 0.2593 17.7696 31.35%
119.584 1800 0.1093 1.3149 18388.4500 18503.6324 97.5538 771.0042| 0.2658 18.3885 30.59%|
119.934 1850 0.11415 1.31849 18954.5548 19073.2832 97.8393 773.2608| 0.2693 18.9546 30.19%
120.176 1900 0.11745 1.31892 19506.1198 19628.3031 98.0367 774.8210| 0.2693 19.5061 30.20%
120.948 1950 0.12055 1.31484 20148.0419 20274.2460 98.6665 779.7984| 0.2676 20.1480 30.39%|
122.157 2000 0.12555 1.31653 20871.2229 21001.9569 99.6527 787.5933 0.2690 20.8712 30.23%
122.845 2050 0.12785 1.32098 21513.4909 21648.2480 100.2140 792.0291 0.2658 21.5135 30.59%
123.796 2100 0.1309 1.32287 22208.8182 22347.9307 100.9898 798.1606| 0.2636 22.2088 30.85%
124.794 2150 0.13435 1.32164 22920.9022 23064.4751 101.8040 804.5951 0.2621 22.9209 31.02%
125.137 2200 0.1377 1.31652 23518.4103 23665.7259 102.0838 806.8065 0.2618 23.5184 31.05%|
126.028 2250 0.14105 1.30465 24224.1811 24375.9175 102.8106 812.5511] 0.2604 24.2242 31.23%

126.66 2300 0.14495 1.29646 24886.6742 25042.5604| 103.3262 816.6259 0.2605 24.8867 31.22%
126.822 2350 0.14985 1.28229 25460.2112 25619.6900 103.4583 817.6704 0.2632 25.4602 30.89%|
126.69 2400 0.1537 1.27304 25974.8543 26137.5567 103.3507 816.8193| 0.2646 25.9749 30.73%
126.552 2450 0.15565 1.26984 26487.1139 26653.0250 103.2381 815.9296 0.2628 26.4871 30.94%
126.438 2500 0.1596 1.27446 27003.3203 27172.4649 103.1451 815.1946 0.2643 27.0033 30.76%|
126.239 2550 0.1626 1.27876 27500.0364 27672.2923 102.9827 813.9115 0.2644 27.5000 30.75%
126.161 2600 0.16805 1.27634 28021.9280 28197.4529 102.9191 813.4087| 0.2682 28.0219 30.32%
125.847 2650 0.17145 1.28027 28489.7267 28668.1819 102.6630 811.3842| 0.2691 28.4897 30.21%
124.911 2700 0.17465 1.28371 28811.3754 28991.8453 101.8994| 805.3494| 0.2711 28.8114 29.99%
123.927 2750 0.1784 1.2812 29113.7516 29296.1156 101.0967 799.0052 0.2740 29.1138 29.67%
123.689 2800 0.18005 1.27448 29586.1634 29771.4865 100.9025 797.4707| 0.2721 29.5862 29.88%
123.389 2850 0.1831 1.26036 30041.4470 30229.6218, 100.6578 795.5365 0.2726 30.0414 29.83%
122.519 2900 0.1879 1.2531 30352.9554 30543.0815 99.9481 789.9273 0.2768 30.3530 29.37%|
121.837 2950 0.19255 1.23943 30704.4099 30896.7375 99.3917 785.5302 0.2804 30.7044 28.99%
121.709 3000 0.199 1.22735 31192.0193 31387.4012 99.2873 784.7049 0.2853 31.1920 28.50%
121.123 3050 0.20605 1.2193 31559.2011 31756.8829 98.8092 780.9267| 0.2920 31.5592 27.85%
121.124 3100 0.21005 1.20692 32076.8299 32277.7540 98.8101 780.9332 0.2928 32.0768 27.77%
120.851 3150 0.21605 1.19274 32520.7344 32724.4391 98.5873 779.1730| 0.2971 32.5207 27.37%
120.596 3200 0.21795 1.18481 32967.2274 33173.7289 98.3793 777.5289 0.2956 32.9672 27.50%
120.84 3250 0.22305 1.17378 33550.0846 33760.2370 98.5784 779.1021 0.2973 33.5501 27.35%
121.633 3300 0.2255 1.16118 34289.7959 34504.5818, 99.2253 784.2149 0.2941 34.2898 27.65%
122.181 3350 0.2285 1.15104 34966.1668 35185.1893 99.6723 787.7481] 0.2922 34.9662 27.82%
122,933 3400 0.2342 1.14117 35706.4718 35930.1315 100.2858 792.5965 0.2933 35.7065 27.72%
123.475 3450 0.23605 1.12669 36391.3086 36619.2579 100.7279 796.0910| 0.2901 36.3913 28.03%|
123.428 3500 0.24195 1.11975 36904.6659 37135.8309 100.6896 795.7879 0.2932 36.9047| 27.73%
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Baro Bore @ Radius. Stroke Area Torque Radius| Total Displacement | Standard pressure Mass Density of fuel | rev/power stroke |
mBar m m m ) m 3 Bar ke/l Standard 4 stroke
1018.9 0.075 0.0375 0.09 0.004417865 | 0.815776 0.00159 1.01325 0.75





