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1.0 - Introduction

For this engine performance test, the main aim was to find the torque and power from the 1.6l D16 engine from a 2003 Honda Civic. By increasing the engine speed from 1000rpm all the way to 5500rpm, the test hopes to achieve accurate torque and power figures which can be calculated through several equations. 
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Description automatically generated]The 1.6l D16 engine from a 2003 Honda Civic being used, is a 4-stroke, naturally aspirated engine and weighs in at 120kg. It is an inline 4 cylinder with 4 valves for each cylinder, whilst the cylinders have a bore of 75.0mm and a stroke of 90.0 mm, giving a displacement of 1590cc. The average lifespan of the D16 engine is approximately 180,000 miles with typical problems being crankshaft pulleys breaking and cracks forming in the exhaust manifold. (Motor Reviewer, 2014-2021)
When put into graphs, for the torque curve, there is expected to be a rise in torque as the rpms start to increase, until it reaches around the mid-point in the rev range where the torque curve will start to decrease. When it comes to the graph for power,  there should be a steadily increasing curve which starts to flatten out as it reaches the top of the rev range.
To carry out the tests to receive the data needed for these graphs, an engine dynamometer is needed to run the engine and collect the data. A dynamometer (dyno) is a piece of machinery that is used to find the force (torque) and the power produced by an engine. To find these figures, the engine that is being tested spins a disk within the dynamometer, which, in conjunction with an electrical current passing through coils surrounding the disk, causes a magnetic resistance to the movement of the disk. The dyno applies a load/resistance to the rotation of the engine, and this can be measured as torque and power through the amount of load/resistance being put on the engine. To stop the dyno disk housing from moving, torque arms are attached to each side (at equal lengths and weights) to counteract the movement. (Dr. Horizon Gitano, Dynamometer Basics)


2.0 - Experimental Procedure

To carry out the test there were a number of things to do before starting the initial testing. The first of these was to attach the torque arms to each side of the electromagnet housing. This was done to prevent the electromagnet from shifting before the test had even started, and, whilst testing the engine, they were there to provide resistance, which in turn is what allowed us to find out the torque figures for the engine. After attaching them, the engine was started and was left for a few minutes to idle away and warm up before raising the rpms to carry out the test. This was so unnecessary stress was not on parts withing the engine that might have been cold and not working at maximum efficiency.
[image: ]After letting the engine warm up, the test could be carried out to find the torque and power figures for the engine. It was initially started out by completing a step test. This was where specific rpms where the engine would be held for a specified amount of time, were selected so accurate data could be recorded. From there, the amount of load applied to the engine was selected, and this was done through the electromagnets within the dyno. The electromagnets, as you increase the magnetic strength, produce a greater load on the engine and prevent it from turning. In response to this, more rpms are needed to counteract the increased load, however, increasing load and rpms puts more stress on the engine which could lead to parts breaking or wearing quicker. The step test provided us with accurate data for the points at which the rpms were held, however it was a much more time-consuming procedure than doing a sweep test and it also produced less data than compared with a sweep test. For the data used in this report, a sweep test was used to collect it. For a sweep test, unlike with the step test where it stops to allow time for precise data recording, the engine just makes its way through the rev range, collecting data at specified intervals however without stopping and just continuing through the whole time.
This provided many data points increasing the accuracy in the sense of there being more data points, but each individual one is less accurate than with the step test due to the dyno having less time to record.


3.0 - Results
	Force (N)
	Engine Speed (rpm)
	Force (N)
	Engine Speed (rpm)
	Force (N)
	Engine Speed (rpm)

	130.037
	1000
	158.838
	2800
	143.855
	4600

	130.61
	1050
	159.646
	2850
	142.954
	4650

	131.485
	1100
	160.156
	2900
	141.876
	4700

	132.641
	1150
	160.53
	2950
	140.982
	4750

	133.729
	1200
	160.755
	3000
	140.028
	4800

	135.143
	1250
	160.772
	3050
	139.039
	4850

	136.396
	1300
	160.64
	3100
	137.983
	4900

	137.723
	1350
	160.269
	3150
	136.865
	4950

	139.186
	1400
	159.847
	3200
	135.733
	5000

	140.496
	1450
	159.295
	3250
	134.623
	5050

	141.522
	1500
	158.657
	3300
	133.253
	5100

	142.271
	1550
	158.007
	3350
	131.742
	5150

	143.07
	1600
	157.267
	3400
	129.994
	5200

	143.631
	1650
	156.714
	3450
	128.245
	5250

	143.895
	1700
	156.031
	3500
	126.542
	5300

	143.984
	1750
	155.394
	3550
	125.13
	5350

	143.769
	1800
	154.841
	3600
	123.554
	5400

	143.411
	1850
	154.283
	3650
	122.083
	5450

	143.045
	1900
	153.895
	3700
	121.004
	5500

	142.816
	1950
	153.537
	3750
	
	

	142.873
	2000
	153.207
	3800
	
	

	143.19
	2050
	152.982
	3850
	
	

	143.772
	2100
	152.81
	3900
	
	

	144.551
	2150
	152.686
	3950
	
	

	145.344
	2200
	152.585
	4000
	
	

	146.106
	2250
	152.443
	4050
	
	

	146.954
	2300
	152.235
	4100
	
	

	147.835
	2350
	151.91
	4150
	
	

	148.72
	2400
	151.399
	4200
	
	

	149.675
	2450
	150.827
	4250
	
	

	150.825
	2500
	150.068
	4300
	
	

	152.138
	2550
	149.154
	4350
	
	

	153.556
	2600
	148.116
	4400
	
	

	155.005
	2650
	147.008
	4450
	
	

	156.482
	2700
	145.914
	4500
	
	

	157.786
	2750
	144.832
	4550
	
	



	Temperature
	26
	°C
	299
	K

	Barometric Pressure
	1010.67
	mBar
	1.01067
	Bar

	Humidity
	42.8
	%
	 
	 

	Torque arm
	815.744
	mm
	0.815744
	m




4.0 - Analysis
	T
	P
	Ps
	BMEP
	T
	P
	Ps
	BMEP

	Torque(Nm)
	Power(W)
	Corrected Power(W)
	BMEP(Pa)
	Torque(Nm)
	Power(W)
	Corrected Power(W)
	BMEP(Pa)

	106.076903
	11108.347
	11250.15405
	848838
	131.148794
	41888.302
	42423.03953
	1049466

	106.544324
	11715.16
	11864.71352
	852578.3
	131.041116
	42540.04
	43083.09725
	1048604

	107.2581
	12355.246
	12512.97059
	858290
	130.738475
	43126.338
	43676.88013
	1046182

	108.2011
	13030.412
	13196.75505
	865836
	130.394231
	43695.526
	44253.33405
	1043428

	109.088629
	13708.481
	13883.48102
	872938.1
	129.94394
	44225.017
	44789.58445
	1039824

	110.242091
	14430.656
	14614.8747
	882168.2
	129.423496
	44725.549
	45296.50625
	1035660

	111.264219
	15147.03
	15340.39401
	890347.4
	128.893262
	45217.197
	45794.43048
	1031417

	112.346711
	15882.642
	16085.3965
	899009.6
	128.289612
	45677.153
	46260.25765
	1026586

	113.540144
	16645.855
	16858.352
	908559.6
	127.838505
	46185.899
	46775.49787
	1022977

	114.608769
	17402.613
	17624.77129
	917110.8
	127.281352
	46651.052
	47246.58947
	1018518

	115.445722
	18134.172
	18365.66864
	923808.2
	126.761723
	47124.321
	47725.9
	1014360

	116.056715
	18837.818
	19078.29721
	928697.4
	126.310617
	47617.981
	48225.86167
	1010750

	116.708494
	19554.696
	19804.32696
	933913
	125.855432
	48105.357
	48719.46016
	1007108

	117.166126
	20244.853
	20503.29481
	937575.1
	125.538923
	48641.699
	49262.64906
	1004575

	117.381483
	20896.672
	21163.43471
	939298.4
	125.246887
	49184.337
	49812.21411
	1002238

	117.454084
	21524.585
	21799.36339
	939879.3
	124.977691
	49733.006
	50367.88713
	1000084

	117.278699
	22106.514
	22388.72103
	938475.9
	124.794149
	50313.389
	50955.67884
	998615.3

	116.986663
	22664.007
	22953.33105
	936139
	124.653841
	50909.507
	51559.40663
	997492.5

	116.6881
	23217.144
	23513.5288
	933749.9
	124.552688
	51520.352
	52178.04961
	996683.1

	116.501295
	23789.975
	24093.67259
	932255
	124.470298
	52137.997
	52803.57918
	996023.8

	116.547793
	24409.713
	24721.32178
	932627.1
	124.354463
	52740.594
	53413.86913
	995096.9

	116.806383
	25075.469
	25395.57661
	934696.4
	124.184788
	53318.862
	53999.5196
	993739.1

	117.281146
	25791.471
	26120.71958
	938495.5
	123.919671
	53853.876
	54541.36319
	991617.6

	117.916611
	26548.627
	26887.54116
	943580.5
	123.502826
	54319.38
	55012.8095
	988282

	118.563496
	27315.069
	27663.76693
	948757
	123.03622
	54758.372
	55457.40588
	984548.1

	119.185093
	28082.326
	28440.81891
	953731
	122.417071
	55123.788
	55827.48687
	979593.6

	119.876844
	28872.99
	29241.57601
	959266.5
	121.671481
	55425.123
	56132.66861
	973627.4

	120.595514
	29677.522
	30056.37882
	965017.4
	120.824738
	55672.043
	56382.74029
	966851.6

	121.317448
	30490.4
	30879.63415
	970794.4
	119.920894
	55883.486
	56596.88227
	959619

	122.096483
	31325.489
	31725.38339
	977028.3
	119.02847
	56090.845
	56806.88884
	952477.7

	123.034589
	32210.38
	32621.57088
	984535.1
	118.145835
	56293.523
	57012.15438
	945414.8

	124.105661
	33140.602
	33563.66758
	993105.9
	117.348853
	56528.219
	57249.84576
	939037.3

	125.262386
	34105.361
	34540.74229
	1002362
	116.613868
	56784.757
	57509.65902
	933155.8

	126.444399
	35089.25
	35537.19205
	1011821
	115.734496
	56962.534
	57689.70544
	926119

	127.649253
	36091.976
	36552.71837
	1021462
	115.005221
	57205.763
	57936.03966
	920283.3

	128.712983
	37066.678
	37539.86343
	1029974
	114.227001
	57416.753
	58149.72312
	914055.9

	129.571145
	37992.244
	38477.24505
	1036841
	113.42023
	57605.093
	58340.46711
	907600

	130.230267
	38867.393
	39363.56551
	1042116
	112.558804
	57756.939
	58494.25189
	900706.8

	130.646296
	39675.62
	40182.1101
	1045445
	111.646803
	57873.548
	58612.34923
	893408.9

	130.951384
	40453.931
	40970.35712
	1047886
	110.72338
	57974.626
	58714.71813
	886019.6

	131.134927
	41197.252
	41723.1676
	1049355
	109.817905
	58075.526
	58816.90535
	878773.9




	T
	P
	Ps
	BMEP

	Torque(Nm)
	Power(W)
	Corrected Power(W)
	BMEP(Pa)

	108.700335
	58053.67
	58794.77048
	869831

	107.467746
	57958.08
	58697.96017
	859967.7

	106.041826
	57744.305
	58481.45632
	848557.3

	104.615089
	57515.149
	58249.37545
	837140.4

	103.225877
	57291.88
	58023.25546
	826023.8

	102.074047
	57187.055
	57917.09287
	816806.7

	100.788434
	56994.517
	57722.09666
	806519.1



With a number of different equations, the torque, power, corrected power and BMEP of the D16 engine were able to be calculated. The first of these was to work out the torque of the engine, and this was done through using this equation , where W is the work done and R is the radius of the torque arm (0.815744 m). In the case of these results this meant that torque for this engine fluctuated slightly when rpms were raising with some points where torque increased faster than at other points. It eventually reached a point at 3050 rpm where torque started to decrease after reaching its peak at 131.148794 Nm. From the start of the test at 1000rpm, the torque figure was 106.076903 Nm, and at the end of the test at 5500 rpm, the torque was 100.788434 Nm. This shows that the 1.6l D16 engine is more efficient, when it comes to torque, in the lower rpms. One reason for this could be due to this engine being fitted to a selection of normal, everyday Hondas, such as the Civic, where drivers rarely use the higher rpms so torque is needed lower down in the rev range.
The next thing worked out from the initial raw data was the power of the engine,  where N is the engine speed and T is the torque. After using this equation for each data point, it was found that the peak power was 58075.526 W at 5050 rpm. However, to get accurate power figures, corrected power needed to be calculated which takes into account temperature and pressure to produce accurate figures. The equation used for corrected power is . In this equation 1.01325 is the standard pressure in bar, Pa is the ambient pressure on the day of the testing, Ta is the ambient pressure on the day of testing, 293 is the standard temperature in kelvin and P is the power at each data point. After using this equation on all the data points received from the testing, a graph could be produced to show the accurate power figures for the engine. The graph shows the power to be steadily increasing at virtually the same rate all the way from 1000 rpm to around 4000 rpm. At this point, the curve starts to plateau and the rate at which the power is increasing is reducing as the rpms are increasing. The point at which the engine power peaks is at 5050 rpm, where the power reaches 58816.90535 W. When converted to brake horsepower (bhp), (unitsconverters.com), it gives this Honda D16 engine a power figure of 78.87 bhp which is not a particularly high figure when compared to other cars such as the Ferrari 812 with 800 bhp. However, unlike with the Ferrari, the Honda engine is not made for speed and is just used for normal, everyday driving where there is no need for excess power. At the start of the test, where the rpms were at 1000, the power of the engine was at 11250.15405 W, compared to at the end of the test where at 5500 rpm, the power was 57722.09666 W. 
Lastly, the final factor worked out was BMEP (brake mean effective pressure) using the equation . BMEP is the average pressure forcing the pistons down that produces the measured torque output, it is a more accurate way to calculate torque per litre, and it can be used to compare different engines even if they have a different number of cylinders or displacement (Brian Silvestro, Road and Track, 2020). This pressure (BMEP), increased steadily from a point of 848838 Pa at 1000 rpm, to a peak of 1049466 Pa at 3050 rpm, and from there it starts to decrease until it reaches 5500 rpm where the pressure is 806519.1 Pa.












5.0 - Conclusion

From all the data collected through completing a sweep test on the 1.6l D16 Honda engine, and putting the figures through a set of different equations, several conclusions can be drawn from the final calculated figures.
The first of these comes from calculating the torque figures from the engine. By multiplying the engine speed and the radius of the torque arm, a maximum torque figure of 131.148794 Nm was achieved at 3050 rpm. In addition to this peak torque, the torque at the start of the test (1000 rpm) was 106.076903 Nm, at the end of the test (5500) it was 100.788434 Nm. These figures, with the lowest torque being highest up the rev range, and the peak torque being relatively in the middle of the rev range, shows how this engine was built to have more torque lower down in the rpms, perhaps to help with situations such as driving in traffic and at slow speeds due the cars this engine has been produced for are standard, family orientated vehicles.
The next conclusion that can be drawn from this dyno test is to do with the power of this engine. After putting the raw data through the equation, the peak power was found to be 58816.90535 W at 5050 rpm, with it starting at 1000 rpm with 11250.15405 W and ending the test at 57722.09666 W. In conjunction with the graph, these power figures at these points in the rev range, shows how the power delivery is very steady and linear at then when it reaches peak power, its starts to plateau and the power starts to decrease. Again, this has most likely been designed to be more useable everyday and this is shown through the steady power delivery with no spikes in power.
Lastly, the BMEP of this engine correlates with the data for the torque figures with peak power being at 3050 rpm, and both pressure and torque decreasing after that point. The peak BMEP figure was 1049466 Pa whilst torque was at 131.148794 Nm. It makes sense for the torque and BMEP figures to be correlated due to them both being forces that are being applied to parts of the engine.
Overall, the main conclusion that can be drawn from completing this sweep test on the dynamometer to get the performance figures of the 1.6l D16 Honda engine, is that the engine has been produced to be working at maximum performance lower in the rev range and at lower speeds, particularly when it comes to performance cars. The reason for this is that the cars this engine goes into are family-orientated vehicles and so spend most of their life in the low ends of the rev range.






6.0 - Evaluation

Throughout this test, as with any other test, there are criticisms to be made, and areas where improvements could be made to increase the accuracy of the figures. The first criticism, and perhaps the factor which had the largest impact on the accuracy of the data, is completing a sweep test instead of a step test. With a sweep test, the dyno continuously increases the rpms of the engine in a steady manner, up until the specified rpm limit. On the other hand, with a step test, the engine is help for a specified amount of time at specific intervals in the rev range such as every 500 rpms. Although doing this at every 500 rpms would not take much longer than a sweep test, if the engine is help at each point for a time period of 5 seconds, to get the same number of data points as the sweep test carried out for this report (every 50 rpms) it would take 450 seconds to complete (7 and a half minutes) which is significantly longer than the sweep test. However, the benefit of doing this is that the dyno has longer to record the data at each rpm and therefore can produce much more accurate results.
Another factor that may have impacted the results of the test, is the wear of the engine and its moving parts. It was unknown how much the engine has been used and how much it has been put under stress. Like with all other engines and objects with moving parts, the components within the engine start to wear and become damaged with more and more usage. With this amount of usage being unknown, the results could’ve been skewed due to parts being worn and may not represent the engine when it is in perfect working condition. 
Although there were some improvements in the technique and maintenance of the engine that potentially could’ve played a part in altering the data, the carrying out of the test went smoothly and exactly how it was needed to be done. Data points were recorded at the specified 50 rpm intervals between 1000 rpm and 5500 rpm and then engine went through the revs very smoothly, perhaps discarding any concerns about the engine’s maintenance. In turn, getting all these data points allowed for calculated figures to be worked out to produce tables and graphs of data.
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Corrected Power vs Engine Speed
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Torque vs Engine Speed
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