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1. [bookmark: _Toc224991180]Introduction
[bookmark: _Toc224991181]Dynamometers are a machine used to calculate various characteristics of engines by measuring the voltage produced by a strain gauge and using other data measured by sensors on the engine itself.

Dynamometers have been around since 1763 but they didn’t look anything like they do today until 1840 with a belt and pulley dynamometer, Loude, Jean-François. (2014). These very early dynamometers were used to calculate the power of men and animals. This still looked very different to the dynamometers in use today. Modern day engine dynamometers first appeared in 1930 and in 1931, the first eddy current engine dynamometer was created, Clipping Path Agency (2017).

The eddy current dynamometer is the same type as was used to collect the data during the experiment detailed in this report.

This report will look into the collection of data from an experiment performed on an older 4 stroke, 4-cylinder engine from 2000 – 2001. The collected data will be used to calculate different characteristics of the engine and analyse the results, producing graphs to show the relationship between certain data.

2. Testing Methods and Equipment

The dynamometer used in the experiment was a Schenck WS230 with a maximum speed of 10,000 rpm and maximum power of 230 kW, Achmad Praptijanto (2026). It is connected to support panels around the room it’s housed in, such as fuel, exhaust, control and cooling are in place to help run the dynamometer safely and efficiently. It works by mounting an engine to it, within its maximum limits and connecting the engine via a propeller shaft to the dynamometer itself. The engine will spin the inner part freely, depending on how much current is being supplied to the outer part of the dynamometer. The outer part, uses the supplied current to power electromagnets, which try to slow down the speed of the engine, opposing the rotation of the engine. This in turn, causes the outer part of the dynamometer to try to rotate. This rotation is opposed by a strain gauge fitted between the outer part and the base, the dynamometer pulling the strain gauge as it tries to turn. The strain gauge sends a voltage signal, ranging from 0V to 10V, to the computer controlling the dynamometer system. This is the only information the dynamometer gives directly, the other information is gathered from sensors on the engine itself. The dynamometer needs to be calibrated by adding weights to one of the calibration arms incrementally and logging the voltage produced. The computer then extrapolates from this data to determine the power and torque produced by the engine.
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[bookmark: _Toc225045844]Figure 1 - Schenck WS230 Dynamometer, UWTSD WISA Workshops (2020) on www.YouTube.com
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[bookmark: _Toc225045845]Figure 2 - Data table for Schenck WS230 Dynamometer, Achmad Praptijanto (2026) 
The engine used in the experiment was a Honda D16 1.6 litre Vtec engine taken from a Honda Jazz or CRX from the year 2000 or 2001. This particular engine is known to have issues, causing it to be down on power and torque. This can be seen in the data as the figures do not reach the values expected from an engine like this. The engine would typically be expected to produce a maximum power of 80 kW and a maximum torque of 136 Nm, Zara (2026).

There are 4 methods of testing using the dynamometer. These are listed below, UWTSD WISA Workshops (2020) on www.youtube.com.

Manual Control is simply done by using 2 rotary input devices. One controls engine speed while the other controls the current supplied to the outer part of the dynamometer, thus varying the load placed on the engine. The engine speed, torque and the horsepower required to overcome the resistance generated by the electromagnets in the outer part of the dynamometer are logged by the computer. The less resistance generated by the electromagnets, the more easily the engine can rotate and so, the rpm will increase.

Test Sequencing is an automatic testing method, where the computer is given certain parameters to run the test within. It can have up to 1000 steps, each with its own parameters that must be met before the computer moves on to the next step. These parameters include starting rpm, finishing rpm, the steps to be taken, such as increasing rpm by 100 rpm each time. Once setup, the computer will carry out the test, logging the data in accordance with the set parameters.

Step Testing is an automatic testing method which is really good for targeting specific areas of the engine’s performance. Similar to the Test Sequencing, parameters are set at the start and then the test will run automatically. The manual rotary control is used to set the engine speed to maximum, allowing the dynamometer to carry out the test as per the set parameters. The parameters include starting and finishing rpms, logging steps, ramp, settling and averaging times. The Dyno is set to the speed setting and the engine is set to the direct setting. This test can lead to more stress and a greater build up of heat in the engine.

Sweep Testing is similar to the step testing, using much of the same parameters. It requires the user to input parameters such as, ramp time starting and finishing rpms and logging steps, i.e. every 250 rpm. The engine speed is set to maximum manually, using the rotary control. The test then runs automatically, following the set parameters. This is a short test, keeping the build up of stress and heat in the engine down. It is however less accurate than the Step Testing as the engine doesn’t get paused at each rpm to gather the data, leaving the sensors lagging slightly behind. This was the testing method used to gather the data given in the excel spreadsheet.




3. [bookmark: _Toc224991182]Data and Graphs

Below is the data obtained through the experiment. In this case the data was given due to the dyno being inoperable. The green highlighted data was given in an Excel spreadsheet, while the non-highlighted data was calculated using the given data and the constants and conditions during the experiment seen below.
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[bookmark: _Toc224998744][bookmark: _Toc225045846]Figure 3 – Constants and Conditions During Experiment 
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[bookmark: _Toc225045847]Figure 4 - Honda D16 1.6 Vtec engine, Ebay (2026)
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[bookmark: _Toc225045848]Figure 5 - Data Table from the Experiment

The data for engine torque, engine power, correction factor, corrected power, brake mean effective pressure, specific fuel consumption, fuel flow rate by mass and thermal efficiency was calculated in the steps below.

The engine torque, measured in Nm, was calculated by multiplying the load by the arm length, as seen below in the torque equation.

Therefore:


The engine power, measured in kW, was calculated by multiplying 2, Pi, engine speed and Torque together and dividing it all by 60. This was then all divided by 1000 to convert the answer from Watts to kiloWatts. The engine power equation can be seen below.


The Correction Factor was calculated by dividing atmospheric pressure by Barometric pressure divided by 1000. All of this was multiplied by the square root of the ambient temperature plus 273 both divided by 293. The correction factor equation is shown below.


The corrected power, measured in kW, was calculated by multiplying engine power by the correction factor. This formula is listed below.

The brake mean effective pressure (BMEP), measured in MPa, was calculated by multiplying engine torque by 4 and Pi and dividing all of that by the engine displacement. See below for the BMEP equation.

The specific fuel consumption, measured in kg/kWh, was calculated by multiplying the fuel flow rate by 60 and multiplying all of that by the density of petrol divided by engine power. The formula for SFC can be found below.

The fuel flow rate was converted from litres/minute to kg/second to aid with the subsequent calculation. This was calculated by dividing the fuel flow rate by 60 and multiplying that by the density of petrol. This formula is visible below.

Finally, the thermal efficiency, shown as a percentage, was calculated by dividing the corrected power by the fuel flow rate (kg/s) multiplied by the calorific value of petrol. The thermal efficiency formula is available below.







[bookmark: _Toc225045849]Figure 6 - Graph of Specific Fuel Consumption vs the Engine Speed
The graph above illustrates the relationship between engine speed and the specific fuel consumption. The curve starts high and quickly drops to its lowest point around 1500 rpm and starting to climb again around 2500 rpm until the maximum rpm. This suggests that the engine is most efficient between 1500 rpm and 2500 rpm. This curve is the bumpiest, showing the constant fluctuations in the amount of fuel being consumed at any given time. The data began at 1000 rpm, thus, there is a blank section on the graph at the start. Had the data been available, it would show a rapid increase up to the point where the data begins. The curve could be shaped like this due to increased frictional losses at higher rpms, heat loss and poorer engine efficiency at lower rpms. The best range for fuel efficiency being between 1500 rpm and just before 3000 rpm.




[bookmark: _Toc225045850]Figure 7 - Graph of Brake Power vs Engine Speed
The above graph shows the engine speed vs brake power. It shows that as the engine speed increases the brake power increases, reaching its peak at around 4500 rpm and steadily decreasing from there on. This is a normal shape for a power curve for an engine, so should be expected. The data given began at 1000 rpm, causing a blank section from the starting point at 0,0 to the starting point of the data. The graph would show a steady rise from the graph origin to the starting point of the data. The curve likely looks like this as a result of the frictional losses, Honda, R., Ito, A., Saika, S., Yamase, R. et al. (2025), and volumetric efficiency at higher rpms, as the engine generates more friction as it moves so fast and struggles to draw in the air it requires to operate effectively, ‌ Yagi, S., Ishizuya, A., and Fujii, I. (1970).


 

[bookmark: _Toc225045851]Figure 8 - Graph of Torque vs Engine Speed
The graph above plots the engine speed against the engine torque. The curve is flatter than the brake power vs engine speed curve. It starts relatively high, climbing to its maximum around 2500 rpm before slowly dropping off, though it reaches another high point around 3750 rpm before its steady decline. The curve is relatively smooth, but not completely. This shape is generally what would be expected. The data started at 1000 rpm, but would start from 0,0 on the graph so would show a rapid increase to the shown starting point. This curve likely looks like this due to poorer air intake efficiency at lower rpms and the engine’s ability to draw in enough air quickly enough, at higher rpms, Yagi, S., Ishizuya, A., and Fujii, I., (1970). The best torque being produced in the mid-range of the rpms, giving the best acceleration in this band.


4. [bookmark: _Toc224991183]Conclusions
In conclusion, the provided data was used to calculate the required data found in the table in figure 5. That data was then used to produce the graphs showing the relationship between specific fuel consumption, brake power and torque with RPM. The graphs show the expected curves even though the engine was not working well at the time the data was collected. The best fuel efficiency was found between 1500 rpm and 2500 rpm, the best fuel efficiency being found to be 0.261 kg/kWh at 1750 rpm, the peak torque of 103.35 Nm, occurred around 2350 rpm and the peak brake power of 44.1 kW, occurred at around 4500 rpm.

5. [bookmark: _Toc224991184]Evaluation
To improve the experiment, firstly, due to the dynamometer not being in a usable condition, the experiment could have been run after the dynamometer was repaired and fully functional. Also, the experiment could have been run multiple times, taking the average of the results to get more accurate data and help to reduce the effects of any anomalies. In addition, the engine used in the experiment could be repaired or replaced with an engine which runs properly without any problems, allowing for a better analysis between the manufacturer’s published data and the measured data.
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114.268 1400 0.0835 1.2855 93.12842 13.65333947 13.73886183 731.4289003 0.275207396 29.92% 0.00104375

115.783 1450 0.0847 1.27818 94.363145 14.32844388 14.41819499 741.1264078 0.266009347 30.95% 0.00105875

116.985 1500 0.08865 1.2795 95.342775 14.97640808 15.07021792 748.8204038 0.266368944 30.91% 0.001108125

117.788 1550 0.0932 1.27766 95.99722 15.58184832 15.67945056 753.9604028 0.269159339 30.59% 0.001165

118.471 1600 0.0959 1.28235 96.553865 16.17775536 16.27909026 758.3322824 0.266755177 30.86% 0.00119875

118.772 1650 0.09875 1.29028 96.79918 16.7256976 16.83046472 760.2589819 0.265683986 30.99% 0.001234375

118.656 1700 0.10005 1.29942 96.70464 17.21570657 17.32354303 759.5164665 0.261519908 31.48% 0.001250625

118.861 1750 0.10305 1.31053 96.871715 17.75266898 17.86386889 760.8286705 0.261214244 31.52% 0.001288125

119.584 1800 0.1093 1.3149 97.46096 18.37095816 18.48603093 765.4565899 0.267732361 30.75% 0.00136625

119.934 1850 0.11415 1.31849 97.74621 18.93652447 19.05513986 767.6969381 0.271261498 30.35% 0.001426875

120.176 1900 0.11745 1.31892 97.94344 19.4875648 19.60963182 769.2459789 0.271211414 30.36% 0.001468125

120.948 1950 0.12055 1.31484 98.57262 20.12887622 20.25496032 774.1875471 0.269500887 30.55% 0.001506875

122.157 2000 0.12555 1.31653 99.557955 20.85136934 20.98197901 781.9263501 0.270953428 30.39% 0.001569375

122.845 2050 0.12785 1.32098 100.118675 21.49302641 21.62765533 786.3302347 0.267679846 30.76% 0.001598125

123.796 2100 0.1309 1.32287 100.89374 22.18769227 22.32667246 792.4175809 0.265485023 31.01% 0.00163625

124.794 2150 0.13435 1.32164 101.70711 22.89909885 23.04253518 798.805774 0.26401694 31.18% 0.001679375

125.137 2200 0.1377 1.31652 101.986655 23.49603858 23.64321405 801.0013153 0.263725308 31.22% 0.00172125

126.028 2250 0.14105 1.30465 102.71282 24.20113806 24.35273015 806.7046019 0.262270724 31.39% 0.001763125

126.66 2300 0.14495 1.29646 103.2279 24.86300094 25.01873884 810.7500307 0.262347655 31.38% 0.001811875

126.822 2350 0.14985 1.28229 103.35993 25.43599241 25.59531944 811.7869919 0.265106621 31.06% 0.001873125

126.69 2400 0.1537 1.27304 103.25235 25.95014594 26.11269354 810.9420606 0.266530293 30.89% 0.00192125

126.552 2450 0.15565 1.26984 103.13988 26.46191829 26.62767156 810.0587233 0.264691695 31.10% 0.001945625

126.438 2500 0.1596 1.27446 103.04697 26.97763366 27.14661729 809.3290098 0.266220533 30.93% 0.001995

126.239 2550 0.1626 1.27876 102.884785 27.4738772 27.64596922 808.0552118 0.266325715 30.91% 0.0020325

126.161 2600 0.16805 1.27634 102.821215 27.99527239 28.17063034 807.5559342 0.270125966 30.48% 0.002100625

125.847 2650 0.17145 1.28027 102.565305 28.4626261 28.64091149 805.5460218 0.271065993 30.37% 0.002143125

124.911 2700 0.17465 1.28371 101.802465 28.78396885 28.96426708 799.5546904 0.273042611 30.15% 0.002183125

123.927 2750 0.1784 1.2812 101.000505 29.08605741 29.26824787 793.2561113 0.276008532 29.83% 0.00223

123.689 2800 0.18005 1.27448 100.806535 29.55801985 29.7431666 791.7326745 0.274113423 30.04% 0.002250625

123.389 2850 0.1831 1.26036 100.562035 30.01287029 30.20086615 789.812376 0.274532223 29.99% 0.00228875

122.519 2900 0.1879 1.2531 99.852985 30.3240824 30.51402765 784.2435103 0.278837786 29.53% 0.00234875

121.837 2950 0.19255 1.23943 99.297155 30.67520258 30.86734719 779.8780317 0.282467572 29.15% 0.002406875

121.709 3000 0.199 1.22735 99.192835 31.16234817 31.35754419 779.0587043 0.287366021 28.65% 0.0024875

121.123 3050 0.20605 1.2193 98.715245 31.52918066 31.72667446 775.3077212 0.294084712 28.00% 0.002575625

121.124 3100 0.21005 1.20692 98.71606 32.04631705 32.24705011 775.3141222 0.294955891 27.91% 0.002625625

120.851 3150 0.21605 1.19274 98.493565 32.48979932 32.69331028 773.5666506 0.299240075 27.51% 0.002700625

120.596 3200 0.21795 1.18481 98.28574 32.9358676 33.14217266 771.9343968 0.297783259 27.65% 0.002724375

120.84 3250 0.22305 1.17378 98.4846 33.51817038 33.7281229 773.4962396 0.299456978 27.49% 0.002788125

121.633 3300 0.2255 1.16118 99.130895 34.25717806 34.4717596 778.5722287 0.296215292 27.79% 0.00281875

122.181 3350 0.2285 1.15104 99.577515 34.9329055 35.15171969 782.079974 0.294349979 27.97% 0.00285625

122.933 3400 0.2342 1.14117 100.190395 35.67250634 35.89595327 786.8935222 0.29543761 27.87% 0.0029275

123.475 3450 0.23605 1.12669 100.632125 36.35669163 36.58442419 790.3628615 0.292167673 28.18% 0.002950625

123.428 3500 0.24195 1.11975 100.59382 36.86956069 37.10050578 790.0620148 0.295304576 27.88% 0.003024375

124.205 3550 0.24545 1.10622 101.227075 37.63168449 37.86740341 795.0355879 0.293509317 28.05% 0.003068125

124.066 3600 0.25505 1.09697 101.11379 38.11900078 38.35777217 794.1458496 0.301090001 27.34% 0.003188125

123.967 3650 0.25755 1.09401 101.033105 38.61759135 38.85948583 793.5121511 0.300115818 27.43% 0.003219375

123.815 3700 0.26445 1.09659 100.909225 39.09860053 39.34350797 792.5391998 0.304365114 27.05% 0.003305625

123.767 3750 0.2651 1.09808 100.870105 39.6115976 39.85971838 792.2319521 0.301161799 27.34% 0.00331375

123.509 3800 0.2693 1.09907 100.659835 40.05607843 40.30698337 790.5804954 0.302538353 27.21% 0.00336625

122.672 3850 0.27375 1.10533 99.97768 40.30810694 40.56059054 785.2228625 0.3056147 26.94% 0.003421875

122.157 3900 0.2759 1.11704 99.557955 40.6601702 40.91485907 781.9263501 0.305347959 26.96% 0.00344875

121.184 3950 0.28285 1.12259 98.76496 40.85343758 41.10933705 775.6981819 0.311558849 26.43% 0.003535625

120.004 4000 0.28455 1.12461 97.80326 40.96773375 41.22434915 768.1450078 0.312556952 26.34% 0.003556875

118.734 4050 0.2871 1.1222 96.76821 41.04085018 41.29792357 760.0157441 0.31479611 26.15% 0.00358875

117.442 4100 0.28895 1.12394 95.71523 41.09542933 41.35284459 751.7456585 0.3164038 26.02% 0.003611875

116.5 4150 0.29305 1.12233 94.9475 41.26294764 41.52141221 745.7159212 0.319590595 25.76% 0.003663125

115.931 4200 0.2949 1.12179 94.483765 41.55613028 41.8164313 742.073755 0.319339166 25.78% 0.00368625

115.034 4250 0.29715 1.12456 93.75271 41.72548354 41.98684536 736.3320625 0.320469623 25.69% 0.003714375

114.391 4300 0.3022 1.12278 93.228665 41.98039677 42.24335532 732.2162227 0.32393691 25.42% 0.0037775

114.016 4350 0.30605 1.11943 92.92304 42.32931927 42.59446343 729.8158495 0.325359591 25.30% 0.003825625

113.871 4400 0.3092 1.11986 92.804865 42.76141204 43.02926276 728.8877053 0.325386823 25.30% 0.003865

113.985 4450 0.3099 1.11873 92.897775 43.29063351 43.56179918 729.6174187 0.322136658 25.56% 0.00387375

113.306 4500 0.31445 1.11563 92.34439 43.51626858 43.7888476 725.2711431 0.325171492 25.32% 0.003930625

113.074 4550 0.3171 1.10953 92.15531 43.90969081 44.18473416 723.7861122 0.324973821 25.33% 0.00396375

112.195 4600 0.3194 1.10569 91.438925 44.04712444 44.32302865 718.1596376 0.32630961 25.23% 0.0039925

111.061 4650 0.32055 1.09782 90.514715 44.07585637 44.35194056 710.9009092 0.327271009 25.16% 0.004006875

109.973 4700 0.3207 1.09558 89.627995 44.11336193 44.38968105 703.9366266 0.327145775 25.17% 0.00400875

108.654 4750 0.32485 1.08827 88.55301 44.04793523 44.32384452 695.4937142 0.331871402 24.81% 0.004060625

107.076 4800 0.32455 1.08396 87.26694 43.86514842 44.13991276 685.392944 0.332946554 24.73% 0.004056875

105.24 4850 0.3257 1.08221 85.7706 43.56209971 43.8349658 673.6407171 0.336450724 24.47% 0.00407125

103.632 4900 0.3277 1.0846 84.46008 43.33873059 43.61019753 663.3479171 0.340261466 24.20% 0.00409625

102.335 4950 0.32845 1.08823 83.403025 43.23302455 43.50382937 655.0458266 0.341874069 24.08% 0.004105625

101.106 5000 0.3287 1.08687 82.40139 43.14526691 43.41552203 647.1790037 0.342830189 24.02% 0.00410875

99.3149 5050 0.32985 1.0891 80.9416435 42.80475489 43.07287709 635.7141815 0.346766382 23.74% 0.004123125

97.5815 5100 0.3297 1.09185 79.5289225 42.47407137 42.74012223 624.6186967 0.349307225 23.57% 0.00412125

95.8486 5150 0.33095 1.09407 78.116609 42.12881365 42.39270187 613.5264124 0.353505089 23.29% 0.004136875

94.8033 5200 0.3338 1.09346 77.2646895 42.07392469 42.33746909 606.8354523 0.357014472 23.06% 0.0041725

93.0976 5250 0.3313 1.08804 75.874544 41.71420925 41.97550046 595.9172751 0.357396203 23.04% 0.00414125

91.7886 5300 0.3324 1.08339 74.807709 41.51937833 41.77944914 587.5383726 0.36026551 22.85% 0.004155

90.5938 5350 0.3308 1.08007 73.833947 41.36551974 41.62462681 579.8904637 0.359864933 22.88% 0.004135

89.6374 5400 0.3388 1.07895 73.054481 41.31133575 41.57010341 573.7685521 0.369051248 22.31% 0.004235

88.9256 5450 0.3438 1.07923 72.474364 41.3627622 41.62185199 569.2123238 0.374032081 22.01% 0.0042975

88.6474 5500 0.3488 1.08366 72.247631 41.61164824 41.87229702 567.431567 0.377202074 21.83% 0.00436
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