	
	
	



	
	
	



University of Wales Trinity Saint David

Wales Institute of Science & Art



[image: ]




Engine Performance Characteristics
Powertrain Technology (ACHA4029) 

1875 Words
Alexander King
2501127
March 2026
Contents
1	Introduction	2
2	Theory	3
2.1	Power and Torque	4
2.2	Efficiency	4
3	Equipment & Methodology	4
3.1	Equipment List	5
3.2	Experimental Procedure	5
4	Health and Safety	5
4.1	Personal Responsibility	6
5	Results and Analysis	7
5.1	Torque Versus Engine Speed	8
5.2	Brake Power Versus Engine Speed	9
5.3	Specific Fuel Consumption Versus Engine Speed	9
6	Evaluation & Conclusion	10
6.1	Limitations	11
6.2	Evaluation of Data Processing	11
6.3	Conclusion	11
7	Reference List	11



[bookmark: _Toc238063735]Introduction
The powertrain is fundamental to any vehicle as this is the system in which chemical energy is converted into kinetic energy to propel the vehicle. The objective of this investigation is to analyse the characteristics of a Honda 1.6 litre VTEC engine by testing it using the university’s engine dynamometer. More specifically I will analyse the correlation between engine speed and important characteristics such as torque, specific fuel consumption and brake mean effective pressure. I will use graphs to display my findings and as a medium to convey my analysis. I will also use my understanding of engineering principles to explain the data gathered and come to educated conclusions regarding the engine's efficiency and performance.


[bookmark: _Toc1599022751]Theory
[bookmark: _Int_hHz6BYAV]In order to successfully evaluate any engine, an understanding in engineering principles is required and must be applied. The engine used in this experiment is a four-stroke engine which means it follows the Otto cycle. This is a four-stage cycle (intake, compression, power and exhaust). According to Heywood (2018), the performance of a spark-ignition engine is primarily defined by its ability to convert chemic1al energy into useful mechanical work, a process governed by the air-standard Otto cycle.
[bookmark: _Toc76569814]Power and Torque
Torque can be defined as the force of rotation produced by the engine at the crankshaft. Brake power is defined as the rate in which work is done. The equation that links these terms is as follows:

Where  = Brake Power (kW),
N = Engine Speed (RPM),
And  = Torque (Nm)

[bookmark: _Toc205945957]Efficiency
BMEP or Brake Mean Effective Pressure is a tool that is used to compare engines of different sizes. SFC or Specific Fuel Consumption can be used to measure the volume of fuel used to produce a single unit of power which is crucial as it allows engineers to evaluate the efficiency of an engine.



[bookmark: _Toc149884030]Equipment & Methodology
[bookmark: _Toc1749012610]Equipment List
· 1.6l Honda VTEC Engine.
· Schenk WS230 Dynamometer which is used to apply a controlled load to the engine.
· Digital sensors to measure RPM, torque, and flow rates of fuel.
· Flow meter to measure the mass fuel flow rate.
[bookmark: _Toc1151356448]Experimental Procedure
· The engine is started via the control board and left to reach optimal temperature to allow the oil to reach optimum oil lubrication and to allow components to thermally expand.
· The engine is set to a speed of 2000 RPM as a baseline.
· Maximum throttle is then applied as the load on the dynamometer is adjusted to allow the engine to sit at specific RPM increments.
· At each RPM increment, torque and fuel consumption data is taken. 
· The process is to be repeated to 3600 RPM.

physical testing was substituted with a detailed review of recorded dynamometer sessions (Fall, 2021a; Fall, 2021b). These recordings allowed for the observation of engine behaviour under load and the extraction of raw performance figures.



[bookmark: _Toc1643278582]Health and Safety
In all engineering tests and experiments, health and safety must be considered and respected. This experiment in particular poses serious risk as exhaust gasses must be managed and rotating parts could cause harm if not treated as they should. 
Risks envolved in this experiment are detailed below:
Table 1 – Risk Assessment 
	Hazard
	Risk
	Control Measures / Mitigation

	Rotating Parts
	Entanglement with the driveshaft or flywheel.
	physical guards; safe standing distance; ensuring no loose clothing or jewellery.

	High Temperatures
	Burning from exhaust manifold or engine block.
	Sufficient cooling time before maintenance; wearing heat-resistant PPE.

	Exhaust Gases
	Carbon Monoxide poisoning or respiratory irritation.
	Well-ventilated test cell with an extraction system vented to the outside atmosphere.

	Noise Pollution
	Hearing damage from engine operation.
	PPE such as ear defenders or earplugs for anyone near the test cell.

	Fuel Handling
	Fire or skin irritation.
	Storing fuel in approved containers; keeping a fire extinguisher nearby; using gloves when handling fuel.



[bookmark: _Toc427724628]Personal Responsibility
Any individual involved in an experiment of this nature has their own responsibility to follow a professional conduct which ensures their own safety and the safety of others. This entails pre-test inspection of all essential fluids, bolts and rotating components; identifying the location of the emergency stop button and fire exit in case of an emergency; and maintaining a proffesional, clear standard of communication with the lead technician (who in this case is Mark Fall).


[bookmark: _Toc140741117]Results and Analysis
Using the data collected, the following calculations can be made (the table displays the averages of these calculations):
Table 2 – Calculated Figures
	Torque
	Observed Power
	Corrected Power
	BMEP
	SFC
	Thermal Efficiency

	Nm
	kW
	kW
	Bar
	g/kWh
	%

	93.960
	31.426
	31.087
	7.380
	299.216
	28%



These calculations have been processed into graphs as seen below.
[bookmark: _Toc1351413363]Torque Versus Engine Speed

Graph 1 – Torque Vs Engine Speed
[image: ]

This graph plots the torque curve of the engine, and this follows an initial rise before it peaks to 103.36 Nm at 2350 RPM before beginning to decline however there is another lower peak to 101.23 Nm at 3550 RPM. As noted by Stone (2012), the initial peak represents the point of maximum volumetric efficiency. Literature suggests that this is often the result of "inertial charging," where the kinetic energy of the incoming air column is used to force a greater mass of air into the cylinder than would be possible through static pressure alone. The main reason there are two peaks on the graph is that this engine uses VTEC meaning the engine uses Variable Valve Timing, this allows the engine to switch cam profiles after a certain speed. This causes a peak in torque for the “low speed” cam and a peak in torque for the “high speed” cam.
[bookmark: _Toc1861270893]Brake Power Versus Engine Speed
Graph 2 – Brake Power Vs Engine Speed
[image: ]
The Brake Power shows an almost linear increase as the RPM increases and as Heisler (1995) explains, power is a rate-based measurement. Where the torque begins to drop after 3550 RPM, the power continues to increase to a peak of 44.1 kW at 4700 RPM.  The power band for this engine is between 1000 and 4000 RPM, which can be seen as the power begins to plateau between 4000 and 4500 RPM.  Beyond this point the volumetric efficiency begins to drop too aggressively for the increase in engine speed to make up for the lost torque which results in a loss of power at the top band of RPM.




[bookmark: _Toc654568025]Specific Fuel Consumption Versus Engine Speed

Graph 3 – SFC Vs Engine Speed
[image: ]
The SFC can be seen to start at 358.08 g/kWh at 1000 RPM before rapidly lowering to the most efficient point on the graph of 257.72 g/kWh at 1750 RPM before gradually becoming less efficient as it reaches the least efficient point of 372.16 g/kWh at 5500 RPM. The “U” shaped trend is common in SFC data because at low speeds, the engine is less efficient due to heat loss as the piston moves slower so the gasses with high thermal energy are in contact with the cylinder walls for longer allowing more thermal energy to escape into the cooling system.  The SFC gets lower as the piston speeds up but as the engine reaches 5000 RPM the SFC rises again. This is due to high internal friction which means a lot of the fuel's energy is used to overcome this friction. 
In the modern engineering context, performance must be balanced with sustainability. The Specific Fuel Consumption (SFC) data is used to calculate Brake Thermal Efficiency. As highlighted by the Engineering Council (2020) in the AHEP4 standards, engineers must understand the environmental impact of their designs. Our results show a minimum SFC of 257.72 g/kWh. Comparing this to Honda Motor Co., 1998 technical specifications confirms that the engine is operating within its designed efficiency window, though higher than modern multi-cylinder automotive engines which often achieve sub-250 g/kWh figures due to superior thermal management.



[bookmark: _Toc1376591504]Evaluation & Conclusion
[bookmark: _Toc1783854249]Limitations
Unfortunately, technician illness meant that the physical dynamometer experiment could not take place as an individual student activity so a data set that was collected at an earlier date was used to perform the technical analysis. This unfortunately meant that students lacked the opportunity to gain hands-on experience however it did give them the opportunity to act as a data analyst. This simulates the workflow of real-world engineering companies.
[bookmark: _Int_KHMNA3Yw]If the experiment had been completed, I would recalibrate the sensors in the system prior to running the experiment in an attempt to reduce the “noise” in the torque curve.
[bookmark: _Toc514736060]Evaluation of Data Processing
[bookmark: _Int_2gGwq372]My role in this task was cleaning and performing calculations with the raw data. I successfully converted Observed Power to Corrected Power and calculated BMEP and SFC figures in order to successfully analyse and evaluate the provided data. This meant that i had to maintain a strategic and methodical approach despite the change in data collection.
[bookmark: _Toc429912283]Conclusion
The Honda engine has been successfully tested and analysed to gather the necessary information required for this report. This has confirmed that the engine reaches peak torque of 103.36 Nm at 2350 RPM which means this is the point in which the engine is at peak volumetric efficiency. Where the torque changes after its peak, the power continues to increase to a peak of 42.34 kW at 5050 RPM.
[bookmark: _Int_mqCb3W8a]The evaluation of Specific Fuel Consumption validates the efficiency of the engine proven by the minimum value of 333.19 g/kWh at the peak in the torque value. This indicates that this engine should be operated at peak torque, when possible, for peak efficiency rather than at peak power. This information can be used to select a favoured gear ratio in order to keep the engine within a peak torque window.
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