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[bookmark: _Toc99320867]Introduction
Engine dynamometer testing is in use throughout automotive manufacturing and motorsports, offering versatility in powertrain development when not installed in a vehicle, unlike a comparatively complex and bulky rolling road. Factoring out the gearbox, wheels, driveshafts etcetera allows engineers to inspect the engine’s operation more closely, improving performance and troubleshooting capability.
This report will encapsulate the dataset from a dynamometer test of a four-stroke Honda engine through analysis in MATLAB. From evaluating the results, justification into accuracy of the data generated will help evaluate the effectiveness of open powertrain testing. The concept has potential usage throughout automotive development for both performance applications and component longevity for the mass market.

[bookmark: _Toc99320868]Literature Review
An engine dynamometer is basically a power and torque measuring device that mounts in place of the gearbox at the crankshaft of the powertrain. The dynamo has a variable resistive current that can toughen itself and simulate load to the engine, to which can be automated to perform multiple runs of varying resistances across the RPM range repeatedly, logging results to the master computer. The dynamo can also run manually with two main inputs from the operator: speed and load.[image: A machine in a factory  Description automatically generated with low confidence]Figure 1: IQ’s Engine Dyno, for car and bike ICEs

Dynamometers can range enormously in size; from handheld force measurement of electric motors to those for marine engines where displacement is in m3, the purpose of a dyno is to confirm the operation and performance of a powertrain (PowerTest, n.d.) before the engine is installed back into the equipment or vehicle. Automotive engine-out tasks vary but usually involve upgrades to improve output, or the troubleshooting of operation on a serious level. Therefore, the quality and useability of the dyno for not any single job is of critical importance.
There are three main ICE dynamometer types, creating load via water brake resistance (high engine power <10,000BHP), Eddy Current units (low power <250BHP) or the middle option used in IQ: the electric AC dyno, offering excellent operator control, a wide force capability range from 10 to 5,000BHP and the regenerated power can return to the national grid. A counteraction to exhaust discharge would have corporations’ favour this dynamo for (but not limited to) automotive usage, to mitigate carbon footprint as well as offer ample capability for small, large and extra-large engines.
The engine tested here is a Honda four-stroke 4-cylinder L13 powertrain, used commonly in the Jazz, Civic and Airwave. It is therefore a mass-produced unit with emphasis on reliability, smooth NVH and a modest regard to performance, although they have reasonable tuning potential.

[bookmark: _Toc99320869]MATLAB
MathWorks’ programming language is a numeric computational interface useful for processing giant datasets; where MS Excel has adequate interpretation power and is designed for everyone, MATLAB is purpose built for mathematicians and engineers with capacity to manipulate matrices from tables with many thousands of datapoints.
[bookmark: _Toc99320870]Provided Data
Provided spreadsheet is DynoData.xlsx with 5 sub sheets, too large to all be inserted into the report. Dyno Speed (RPM) is in the appendix.
	Table 1: Test data & engine info

	Ambient Pressure
	1024.00
	mBar

	Ambient Temperature
	24.00
	Deg C

	Dyno Radius
	800.00
	mm

	
	
	

	Fuel
	95.00
	ron

	
	
	

	Bore
	71.90
	mm

	Stroke
	82.00
	mm

	Cylinders
	4
	



[bookmark: _Toc99320871]Calculated Data
See .mlx script for all the numbers.
	Table 2: Mean Real Pressure throughout the 4-stroke cycle

	RPM
	Intake (bar)
	Compression (bar)
	Power (bar)
	Exhaust (bar)

	1000
	1.1885
	5.9586
	18.4566
	1.3081

	1500
	1.8940
	9.0756
	28.0614
	2.6132

	2000
	2.2951
	11.0343
	32.9597
	2.7855

	2500
	2.2892
	11.8194
	34.6222
	3.2959

	3000
	2.4289
	11.9757
	35.1474
	3.6947

	3500
	2.4305
	11.7616
	35.6254
	3.7927

	4000
	2.3011
	11.4222
	34.4751
	4.0838

	4500
	2.1331
	10.7306
	32.8940
	3.9656

	5000
	2.2156
	11.2233
	32.2947
	4.3724

	5500
	2.0894
	10.8276
	31.6469
	4.4552

	6000
	1.8726
	10.2134
	30.5232
	4.3403




[bookmark: _Toc99320872]Results and Analysis
The first graph produced by the MATLAB script is among the most familiar associated with engine measurements: the torque and power output. [image: Chart, line chart  Description automatically generated]Figure 2: Output from Honda engine

A conventional output with a peak power of 92,412watts at 6,000RPM (around 125BHP) and a peak torque of 202.4Nm at half that, 3,000RPM. The powertrain’s torque curve rising exponentially between 1k and 2kRPM and staying around 200Nm until surpassing 3,500RPM shows that this engine is tuned for road usage. Torque bands in the 1,500-3,500RPM region is typical for petrol road cars as this is when vehicle drivability matters especially, to which if the driver wants more power, they keep their foot down as it becomes more prevalent after 4,000RPM, as torque drops off and speed increases. Motorsport engines tend to have higher cam profiles to shift the peak outputs to the top end of the rev range, suiting the vehicle’s operative environment.
Although the dataset is largely consistent a mistake was made in the display of the graph; for the power value at 3,500RPM it looks slightly lower than it should to attain a smooth curve. This is because on the full load run the RPM was slightly lower at that point; dyno speed values do vary slightly but usually by ±1RPM or two, at that point the RPM on full load was 3,251RPM, 249 lower than it should’ve been. Therefore, that datapoint should be to the left slightly and that power value would be higher if at full load the measurement was taken at 3,500RPM (see appendix).
The next graph is not so straightforward at first as there’s no clear trend for the thermal efficiency, and the brake mean effective pressure suffers from the same anomaly at 3,500RPM > 3,251RPM, mentioned earlier. The thermal efficiency may look as if it’s everywhere but is between 29% and 32% throughout the RPM range, peaking at 4,000RPM and around 31.5% between 1,500 and 2,500RPM. Investigation into a potential anomaly at 3,000RPM has no clear reasoning, although the graph scaling may amplify the issue as the uT value at this point is still good at 30.6%.[image: 6. Efficiency contours of Honda 1.5 L turbocharged engine when tested... |  Download Scientific Diagram]Figure 4: nT graph for comparison (source: (Leach & Kalghatgi, 2020))
[image: Chart, line chart  Description automatically generated]Figure 3: BMEP and nT of Honda engine

Importantly noted is that this graph may be for the same engine but with significant configuration differences; the displacement is higher at 1.5L, ‘Tier 2 Fuel’ has no clear octane or calorific energy value, and this engine is turbocharged whereas the tested engine isn’t (judging by the power/torque curves). The intent of this externally sourced diagram is to compare the trend of brake thermal efficiency seen here with the MATLAB calculation, and in the 75kW to 90kW region the boundaries are very close together. This can justify the small fluctuations of nT between RPM values or could be indicating a sensor fault for example, hard to say as the variance is minimal.[image: Chart, histogram  Description automatically generated]Figure 5a: SFC heatmap (untampered)

Heatmaps; the enormous SFC at low load makes the rest of the visualized data rather hard to interpret here as it’s literally one big, dark blue block of colour from 10% load upwards.[image: Chart, histogram  Description automatically generated]Figure 5b: SFC heatmap (rescaled)

Excluding the rows of 2% and 5% load gives a better picture of the engine’s SFC across the whole dataset. Specific fuel consumption is still at its highest/worst at low load especially when RPM is high, and the area of lowest/best SFC is now visible in the 2,000-3,500RPM region at 40-45% load. This low specific fuel consumption is in the rev range of the engine’s torque band as seen in Figure 2, to which shows this is when the powertrain is operating the most efficiently, as SFC is a mass per unit of power (in these calculations it’s kg/kWh). This further confirms the engine’s design for usage on the road, where fuel efficiency matters more than hitting the apex of corners.[image: Chart, surface chart  Description automatically generated]Figure 6: Cylinder Pressures

Special spark plugs with pressure sensors in the tested engine gave the largest dataset of them all, nearly 8,000 values overall! Plotting them all into a 3D surf diagram generates this; peak cylinder pressures are within 75 and 85bar unless the RPM is low <2,000 as volumetric efficiency is poor at these speeds. The variance of pressure throughout the 4-stroke cycle is hard to picture from this as the edge shading causes all but the power stroke near impossible to interpret.
Averaging the data significantly but separate for each phase of the cycle offers another view at looking into the huge dataset. The power stroke was seen to peak in cylinder pressure where the torque band is at its highest, this is to a lesser extent same for the intake and compression cycles but not the exhaust phase. Paired with SFC being high at the top end of RPM, the resulting discharge grows with throttle usage thus does the pressure of gas then as the piston moves at its fastest in the cylinder. The data at 4,500RPM seems a little low across the board however this is only to attain smooth continuity in graphs, to which can be a weak reason for error. Looking into the data offers no clear reason why all the data in that RPM column is slightly lower than it looks as if it should, therefore it may not be an anomaly at all.


[bookmark: _Toc99320873]Conclusions
Engine dynamometer testing offers a great insight to engineers regarding a powertrain’s performance outside, and later installed in the vehicle, however with most of the figures in the report there was a level of uncertainty regarding the data in them and how the anomalies were portrayed. Testing in many industries and areas often has a tolerable inaccuracy within the outcome, to which the operator should mitigate the end results accordingly and highlight findings of interest.
Dynamo testing is a powerful asset for engineers and scientists alike, but with any form of testing it has its limitations, but it also has its advantages. The application of the tested equipment would determine its feasibility.
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[bookmark: _Toc99320875]Appendix
	Appendix 1: DYNO_SPD (rpm) compressed to fit (332 words)
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	4000.00
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	6500.00
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	3500.00
	4000.00
	4500.00
	5000.00
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	6500.00



End of report, thank you for reading.

Figure 7: Mean Real Pressure throughout 4-stroke cycle
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Thermal Efficiency and BMEP across RPM @ Full Load
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Real Pressure across RPM throughout 4-stroke cycle
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