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[bookmark: _Toc99327575]Introduction
An engine dynamometer allows tests to be run on an engine that has been removed from its chassis. An engine dynamometer measures power by determining the torque needed to hold a spinning engine at a set speed. Engine dynamometers can also take readings from the various sensors across the system. Because it measures values directly, it gives an extremely accurate data readings, making it ideal for analysing the performance characteristics of an engine. (Fuller, 2012)
[bookmark: _Toc99327576]Aims and Objectives
This report aims to outline the basics of how engine dynamometers are used, as well as to analyse data taken from a dynamometer in MATLAB to determine all the performance characteristics of the Honda 1.6 VTEC engine being tested.

[bookmark: _Toc99327577]Testing Equipment and Methodology
All information in section 2 is taken from the UWTSD WISA Workshops [online] unless otherwise stated.
[bookmark: _Toc99327578]Equipment Used
[bookmark: _Toc99327579]Fuel Supply board
The function of the fuel supply board is to provide the engine with fuel. The fuel is pumped from a supply tank by a fuel lift pump, which is used to supply the system with fuel at a higher pressure from a lower pressure system, such as the supply tank (Spegar et al, 2009). This is passed through a filter and a fuel flow meter, which measures the fuel flow rate (Stuhldreher et al, 2015). It is then transferred into a swirl pot, which ensures that no air pockets enter the fuel line (Aras, 2004). The fuel is then fed to the main pump, which pumps the fuel to the engine block via a regulator. Excess fuel is cooled and returned to the swirl pot, bypassing the flow meter. Flow meter readings, only measure what is used in the system whilst the engine is operational.
[bookmark: _Toc99327580]Dynamometer
The dynamometer that was used to take measurements was a Schenck W230, which is an Eddy-current dynamometer. An Eddy-current system consists of two fundamental components; a stator that produces an electromagnetic field and a solid rotor (Sinaga et al, 2019). The rotor is turned by the engine via a drive shaft connected directly to the crank. As the rotor spins, the stator attempts to slow it down and, as a result, attempts to turn. The component is restricted from turning by a strain gauge, which sends a voltage signal between 0 and 10 volts to the computer. The voltage is determined by the load exerted. 
The voltage signal must be converted into a value for torque. On either side of the dynamometer there are calibration arm, both the exact same length so that the turning forces that each exert on the engine cancel each other out. By placing a mass on one of the arms, the turning force on the outer casing can be determined. This force will cause the strain gauge to send a value to the computer. It can thus be concluded that the voltage value sent to the computer correlates to the turning force exerted on the calibration arms.


[bookmark: _Toc99327581]Methodology
There are multiple methods in which a dynamometer can be run and/or date can be obtained. This section details the four methods of running the dynamometer and determines which one should be used to gather the data used in section 3.
[bookmark: _Toc99327582]Manual Operation
When using the dynamometer manually, two dials are used to produce engine statistics. One dial (labelled “Engine”) controls the speed of the engine, whilst the other (labelled “Dynamometer”) controls how much current is sent to the electromagnet. The higher the current sent, the stronger the magnetic field is. This increases the resistive forces on the engine, decreasing the engine speed.
The computer will display a series of parameters for the current torque and engine speed. To gather the data required, the “Dynamometer” dial should be adjusted until the dynamometer is exerting the desired torque on the engine. The RPM can then be changed by adjusting the “Engine” dial, and any readings which the user wishes to record can be noted from the outputs.
[bookmark: _Toc99327583]Test Sequencing
Test sequencing is a method in which the system runs everything automatically. The system’s “Test Manager” displays an array of parameters for how the engine should behave during testing. This will then run the engine autonomously to the operator’s specifications.


[bookmark: _Toc99327584]Step Testing
Step testing will return values for engine performance at a specified RPM range. This is useful if there is an issue with the way that the engine is functioning under certain conditions, as it will only return the values that the user has specified, allowing the analysis of the data within that RPM range. To run a step test, the system requires the user to input a speed at which to start testing, a speed at which to stop testing, the incremental value at which to take measurements, how long the system should allow the engine to take to reach the next increment, how long the engine should be allowed to settle for, and how long the system should allow for average measurements to be taken. The system also requires inputs for the engine speed and throttle position after the test is complete, and the amount of time it should take for the engine to return to said speed and position. This should be set to idle speed, with a throttle position of zero. “Dyno Mode” should be set the speed so that the electromagnet will limit the speed of the engine. The amount of force applied to maintain that engine speed will be recorded for each increment of RPM. Running this will produce numerical values for each increment, as well as a graph. The biggest issue with step testing is that holding the engine at a specific RPM using an external force causes strain on the engine, as well as high thermal loads, so prolonged testing is ill advised. 
[bookmark: _Toc99327585]Sweep Testing
A sweep test is extremely similar to a step test, however, the engine does not hold a specific RPM when measurements are being taken. This means that there’s less strain and lower thermal loads exerted on the engine. This allows a much lower interval between measurements, but this comes at the cost of accuracy. To run a sweep test, the user must input the ramp time (time taken before the process begins), hold time (how long the rpm should be held for before the RPM begins increasing), the starting RPM, the RPM at which to finish the test, the interval at which to record data, and the total time that the process should finish. The inputs for when the test is complete are the same as in a step test. Once the process is complete, graphical and numerical data is produced. 
To obtain that data for section 3, sweep tests were performed to find measurements for the forces exerted by the engine, the fuel mass consumed and the pressures within the cylinder for a given crank angle. This method was used due to the large quantity of data required, as it will allow more data to be measured at once without causing excessive damage to the engine.


[bookmark: _Toc99327586]Data and Analysis
[bookmark: _Toc99327587]Torque and Power 
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[bookmark: _Toc99320211]Figure 1 - Torque and Power against RPM at Full Load
Figure 1 shows the behaviour of both torque and power when the at varying engine speeds. Torque is the turning force applied to the crankshaft per power stroke. Initially, as the RPM increases, torque also increases. This occurs until around 3000RPM, at which point it begins to decrease. This is because at low engine speed, more of the air/ fuel mixture is passed into the cylinder, giving it more combustible matter to burn and, therefore, making the pressure on the power stroke higher. At higher engine speeds, however, it becomes harder to move the mixture into and out of the cylinder before the next stroke, resulting in a lower amount of useful combustible matter in the chamber. (McMillian, 2017)
Power is a product of the turning force and the engine speed; power is effectively the amount of force delivered to the crankshaft in a second. While torque begins to drop after around 3000 RPM, power does not, as the higher engine speed means that more force is applied to the crankshaft in a second even though the amount of force has lowered. Eventually, the torque becomes too low for the engine speed to counter the diminishing forces, and the power will also begin to decline.

[bookmark: _Toc99327588]BMEP and Thermal Efficiency
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[bookmark: _Toc99320212]Figure 2 - BMEP and Thermal Efficiency against RPM at Full Load
BMEP initially increases with engine speed but drops after about 3000 RPM in the same way that torque does. This is also because of the issue with the flow of air/fuel mixture at higher RPMs, as poor flow means less mixture to combust and therefore there is less pressure on the power stroke.
Thermal efficiency is a measure of the ability of an engine into useful work. The chemical energy stored within fuel does not all get burned as useful output; a significant proportion is wasted as heat. The graph above shows a trend not dissimilar to BMEP and torque, which indicates that the amount of mixture in the cylinder correlates to how efficiently said mixture is burned. However, this deviates massively at 3000 RPM, the point at which torque and BMEP were at their highest. Torque/ Thermal efficiency  should follow a similar trend, as shown below:
[image: Engine torque – Brake thermal efficiency chart  ]
[bookmark: _Toc99320213]Figure 3 - Brake Thermal Efficiency Against Torque (Balaji et al, 2010)
The sharp drop in efficiency in figure 2 appears to be a drop in the average when calculating the graph in MATLAB due to a low value of thermal efficiency for some of the higher loads. This may have been caused by having the most mixture burning at once, and as such at the mix burned the hottest. Some of the useful energy may have been lost to heat, accounting for the sharp drop.

[bookmark: _Toc99327589]SFC
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[bookmark: _Toc99320214]Figure 4 - SFC Heatmap
Figure 4 shows an SFC heatmap for a given load and engine speed. Regarding load, the SFC gets progressively better up until 40%, its optimum running conditions. This is because when the load is increased, the power increases at a greater rate than the fuel consumption (Maawa et al, 2015). This also explains why the lowest SFC is at 2% load, as the power is at its lowest however the fuel consumption is comparatively high.

[bookmark: _Toc99327590]RPM, Crank Angle and Pressure
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[bookmark: _Toc99320215]Figure 5 - 3D Plot of RPM Crank Angle and Pressure
Pressure within the cylinder rises during compression, peaks during combustion, and then falls during when the piston is moving back towards bottom dead centre (BDC) (Kuo, 1996). This is because, during the compression stroke, the piston pushes the particles of the air/fuel mixture closer together, forcing them to connect with each other and the walls of the cylinder more, increasing the pressure. The pressure caused during the combustion event pushes the piston back down the cylinder, decompressing the burnt gas. Pressure is low in the exhaust stroke, as the piston is pushing the gases out of the exhaust valves instead of compressing them.

[bookmark: _Toc99327591]Conclusion
By testing the engine using an engine dynamometer, a wide array of accurate measurements is produced. These can be referred to as a guide to how the engine can be used most effectively and efficiently, as well as being used as a comparison with other engines. For example, it is shown that Honda 1.6 VTEC produces its peak torque and BMEP at around 3000 RPM. It is also shown that the SFC is best at 2250 RPM with a 40% load applied. 
The system measured data at regular intervals. However, if a seemingly unusual datum is recorded, such as the thermal efficiency peak, more data would help to determine if the datum was truly anomalous. More data is required for more accurate readings and trendlines.
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