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[bookmark: _Toc90036390]1 Introduction 
Engine Dynamometers measure the Newtons Force, Torque and RPM of an engine by applying a load that resists the rotation of the shaft.
The goal of this task was to use an engine dynamometer to execute a sweep test on a Honda Civic 1.6 D16 engine to obtain a range of results for the Newtons Force and RPM. The recorded values were entered into a suitable spreadsheet and from there, calculations for the Torque, Power, Corrected Power and BMEP were made. The calculated results were then graphed and compared against other sources for evaluation and validation. 
There are three main types of dynamometers, the type used for the performance test was an Eddy-current dynamometer. These make use of magnetised coils inside the casing which produce a controllable magnetic field that opposes the applied torque from the engine. (Killedar, 2012). Increasing the current through the coils generates a stronger magnetic field, which provides a stronger resistance to the rotating shaft. The dyno housing is free to rotate. A torque arm is attached to the housing, and an electronic scale is set up to measure the force exerted by the dyno housing when it attempts to rotate. The torque is calculated by multiplying the force indicated at the scale by the length of the torque arm measured from the dynamometer's centre. (Harold Bettes, 2008)
[bookmark: _Toc90036391]2 Experimental Procedure
[image: A blue and yellow machine

Description automatically generated with low confidence]The Dynamometer adds load to the shaft by applying a current to the electromagnets in the casing of the dyno, which then functions as a form of magnetic clutch. The coils attempting to grip the shaft cause the dynamometer casing to rotate, the force of which is measured by a strain gauge – or an electronic scale.  “The power absorbed by the dynamometer is directly proportional to the input current flowing through the magnetizing coils in the casing. Varying the current through the coils varies the amount of magnetic field being generated by the coils.” (Killedar, 2012) 
Figure 1 - Engine Dynamometer at the University of Wales Trinity Saint David.


[image: Engine dynamometer schematic]Figure 2 – Engine Dynamometer Schematic
(Stark, Engine Dynamometer Schematic, 2021)
[bookmark: _Toc90036392]2.1 Calibration of the Dynamometer
[image: ]Calibration arms of exactly equal length and weight were fixed to either side of the Dynamometer, and the electronic readings zeroed. A weight was hung from one calibration arm and the torque was calculated by multiplying the weight by the length of the arm from the centre of the dynamometer - the weight being the mass of the block multiplied by gravity. The manually calculated value for torque was compared to the electronic reading and an assessment of the accuracy can be deduced from the difference between them.
Figure 3 – Calibration arms and weight block
[bookmark: _Toc90036393]2.2 Sweep Test
A sweep test is a way of acquiring a spread of results throughout a given rev range.
Before the test began, the start and end rpm for the engine were defined using the software for the dynamometer. Values were set for: the duration it would take for the engine to get from the start to the end rpm, the interval between rpm readings, and the duration it would take for the engine to reach idle from the end rpm.
For this sweep test, the start and end values for the engine speed were 1000 to 5500rpm. The equipment took measurements for the Newtons Force at full load (100% throttle) every increase of 50rpm, resulting in ninety-one measurements being taken.
[bookmark: _Toc90036394][image: Table
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Description automatically generated]3 Results
Figure 4 - Raw data obtained from the dynamometer test presented in an excel spreadsheet.
[bookmark: _Toc90036395]4 Analysis
Once the raw data was received from the software, the necessary calculations could be made, those being calculating Torque, Power, Corrected Power and BMEP. Values for temperature, pressure, humidity, and distance also needed to be translated into base units.
[bookmark: _Toc90036396]4.1 Torque

Where:
· T = Torque (Nm)
· F = Force (N)
· d = distance (m) (torque arm)
· Inputting values into the equation gives:

Where:
· Distance (torque arm) = 0.815744m
[bookmark: _Toc90036397]4.2 Power

Where:
· P = Power (W)
· N = rpm (r/m)
· T = Torque (Nm)
[bookmark: _Toc90036398]4.3 Corrected Power (W)

Where:
· = Corrected Power
· P = Measured Power
·  = Ambient Pressure
·  = Ambient Temperature
· 1.01325 = Standard Pressure in bar
· 293 = Standard Temperature in Kelvin




Inputting values into the equation gives:

Where:
· Ambient Pressure -  = 1.101067 bar
· Ambient Temperature -  = 299 Kelvin

[bookmark: _Toc90036399]4.4 BMEP

Where:
· BMEP = Brake Mean Effective Pressure (Pa)
· P = Corrected Power (W)
· L = Length of the Cylinder (m)
· A = Cross-Sectional Area of Cylinder (m^2)
· N = RPM (r/m)
· n = Number of Cylinders
Inputting values into the equation gives:

Where:
· Length of the Cylinder = 0.09m
· Diameter of the Cylinder = 0.075m
· Number of Cylinders = 4
· Cross-Sectional Area of Cylinder = 
    = 
(Honda Motor Co. LTD., 1987)
[bookmark: _Toc90036400]4.5 Calculated Values
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Description automatically generated]Figure 5 - Calculated values for Torque, Power, Corrected Power, BMEP presented in an excel spreadsheet.

From the calculated results, the following graphs were made using excel to visualise the data: 
Figure 6 - Torque vs Engine Speed of a Honda Civic 1.6 D16 engine 
Figure 7 - Corrected Power vs Engine Speed of a Honda Civic 1.6 D16 engine
[bookmark: _Toc90036401]4.6 Why torque varies with engine speed
Higher engine speeds increase the friction of the piston head against the cylinder, which reduces the mechanical efficiency of the engine as more energy is wasted as heat. Friction also encompasses that generated by the exhausted charge escaping through the exhaust manifold – it takes more energy to push the charge out of the cylinder, decreasing the output of the engine. Volumetric efficiency also decreases with engine speed, reducing the density of the air-fuel mixture and therefore also the amount of air entering the chamber during intake. This results in a weaker combustion, and therefore less torque output. At higher rpm, the time for effective combustion within the chamber is reduced, so the charge does not have enough time to fully combust before being exhausted. This again results in a weaker combustion. (Reddit, 2013)
[bookmark: _Toc90036402]4.7 Why brake power varies with engine speed
Power is dependent on torque and rpm. At the start of the test where both torque and rpm are increasing, the power will increase. Once the torque decreases below a certain point, the power will also start to decrease. Peak power is always later than peak torque because the engine speed is still increasing.
[bookmark: _Toc90036403]5 Conclusion
[image: Chart, line chart

Description automatically generated]Comparing the results to those of a 2012 1.4L Fiat 500 engine (below), it can be said that the Honda engine has a similarly shaped torque and power curve, the difference being that for a newer engine with a lower capacity, both values for peak Torque and Power are higher for the Fiat. This difference is due to the difference in age, and therefore improvements in the engine technology.
Figure 8 - Engine Performance Rating 1.4L Multiair – Fiat 500
(Fiat500USA, 2012)

The dynamometer test conducted for this report (with the Honda engine) only recorded values up to 5500rpm, whereas the test for the Fiat 500 engine recorded values up to 7000rpm. 
Based on the similarity of the two graphs, it can be said that the engine test was conducted correctly, that the engine used was in a good state and that the results obtained are adequate.
[bookmark: _Toc90036404]6 Evaluation
As outlined in the conclusion, the dynamometer test can be assumed to be accurate. Measurements were taken straight from the engine, without drag, and have been compared to existing results as validation. However, improvements to reliability and repeatability could be made by more accurately regulation the following variables:
· Ambient pressure
· Ambient temperature
· Engine Temperature
Ambient pressure is the atmospheric pressure of the air surrounding the engine, ambient temperature is the temperature of the air surrounding the engine. Both variables can be improved/regulated by installing better ventilation/air conditioning that has the capability of monitoring and controlling the temperature and pressure of the air in the room.
 Engine temperature is harder to control because it changes drastically during the engine test. It is controlled by the engine coolant and the exhaust system and can be reduced by having better cooling systems – in part by having the aforementioned better ventilation. The exhaust system would have to be replaced which could prove to be costly.
Improving the reliability of the results could be supported by repeating the dynamometer test; obtaining multiple sets of data which could be compared against each other as a form of validation. This would also be a way of eliminating possible outliers or anomalous results.
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Corrected Power vs Engine Speed
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134.623 5050 109.8179043] 58075.52554] '58816.90535)| 878773.8589)
133.253 5100 108.7003352) '58053.66968] 58794.77048| 869820.9577|
131742 5150 107.467745) 57958.07965)| 58697.96017] 859967.6557|
129.994 5200 106.0418253| 5774430481 58481.45632] 848557.2971
128.245 5250 104.6150893] 57515.14929) '58249.37545| 837140.4109|
126,542 5300 103.2258772) 57291.87951 '58023.25546) 826023.7972|
125.13 5350 102.0740467] 57187.05509] 57917.09287] 816806.7341)
123.55 5400 100.7884342) 56994.51679| 57722.09666)| 806519.1339)
122,083 5450 99.58847475| 56837.39975| 57562.97391 796916.9385)|
121.004 5500 98.70828698] '56851.89202] 57577.65118] 789873.5879]
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