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[bookmark: _Toc30384983]Introduction

The purpose of this report is to performing a testing and analysis one a Honda engine (B16A). To analyse how the Honda Engine (B16A) is engineered to run by using an4 engine dynameter; using all the data from the engine dynameter then calculate the total Load, Power, Torque output, Fuel consumption and also the efficiency. 
The Engine chosen is from a Honda Civic 1.6L DOHC VTEC B16A. This engine was designed for high fuel economy when on normal driving conditions but also high power in high RPM for spirited driving conditions. This is achieved by a system called VTEC (Variable Valve Timing & Lift Electronic Control). VTEC also known as Variable Valve Timing & Lift Electronic Control is a system which increases the volumetric efficiency of a combustion chamber, this is accomplished by switching an electronically controlled solenoid which locks the larger cam profile which is also attached to the camshaft. This larger cam lobe results the intake valve to stay open for longer and also the valve to go further in the combustion chamber allowing the engine to take in more air which then resulting in a higher power output.
The Dynameter chosen for this report is the SCHENCK W230. This is an engine dynameter, this uses a sensitive strain gauge to calculate the load and also uses electro magnets to create resistance to the engine which is mounted. The engine is connected to the dynameter via the drive shaft straight from the flywheel.







[bookmark: _Toc30384984]Experiment & Procedures

[bookmark: _Toc30384985][image: ]Safety 

When starting the procedure wearing the correct PPE (Personal Protection Equipment) is needed for protection, this includes; Steel cap Boots, Fireproof Lab Jacket, safety goggles, gloves.
(n/a, dynamometer, 2019)
[bookmark: _Toc30384986]Set up
When setting up the Dynamometer, Calibrating the Dynamometer is needed. This is done by placing two 1 metre long plates on the calibrating bolts on both sides of the of the dynamometer. Then placing 20kg on post ends of the calibrating plates. This then would cause a load value to the strain gauge on the dynamometer; this is measured in ‘nm’ also called Newton Metres. Then calculate the values and then compare it to the system value then add or decrease value to equalize the two values.
[image: ]Calculating the Total load DL  (Distancelength)
	(n/a, calibration arms, 2019) (n/a, Fuel System, 2019)
  = Kg 

[image: ]After Calibrating the Dynamometer then checking the fuel system is needed; this is by switching on the engine and checking if there is fuel pressure on the engine fuel injectors and also fuel priming the fuel system, also extraction fan if they are working, this can be tested by testing if the fan turn on by switching it on.
All of these safety procedures are needed to perform a dynamometer test in a safe manner and reduces the risk for any accidents.
(n/a, Fuel System, 2019)






Before starting any test on the dynameter, it is important that the engine which is going to be tested it warmed up to operating temperature, this is so that the engine is running on the default programmed mapping. This is important that when the engine is cold the vehicle is programmed to a rich air to fuel ratio, this is also called open loop. During Open loop the ECU (Engine Control Unit) only takes reading from the Coolant temperature sensor (thermostat) to read the engine temperature and disables the 02 (oxygen/Lambda sensor), this is so that the engine would not know fuel it is burning while trying to warm up.
[bookmark: _Toc30384987]Dynamometer
Setting up the dynamometer software can varies depending on what application it is used for. For this Report the run graph is set up to x axis = engine speed (RPM), Left y axis = Dyno Torque (Nm) and Right y axis= Engine power (BHP).
For this report doing a sweep test is needed, when setting up the sweep test; Ramp time to start (sec) set to 3 (the time in-between for the engine to raise its engine speed; Hold time (sec) 1 (the time of the engine to hold the specific engine speed, Starting at 1000 rpm; Finishing at 5500 rpm.
Then selecting start test for the test to proceed; The Dynamometer will automatedly go through the specific rpm and wait for the engine to settle then raise again until 5500 rpm, doing this will produce a more accurate reading of the fuel consumption and also give time for the sensors of the engine and the dynamometer to get more accurate readings
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Results
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[bookmark: _Toc30384988]Analysis


[bookmark: _Toc30384989]Units used

N – Newton – Load 
RPM (Revolution Per Minute) – Engine speed
 L/min - Litres Per Minute – Fuel Flow Rate
Lambda – Oxygen content 
Nm – Newton metre – Torque 
M – metres – Radius – Bore – Stroke 
mBar – milli-bar – Baro – Pressure
% - Humidity – Brake Thermal Efficiency 
 - Temperature – Ambient Temp
W – watts – Brake Power – Corrected Power 
Kg/min – Kilogram per min – Fuel Flow Rate
Kg/hour – Kilogram per hour – Fuel Flow Rate
Kg/KW.hr – Kilogram per Kilowatts hour – SFC – Specific Fuel Consumption 



[bookmark: _Toc30384990]Formulas/Calculations Used
Load, Dyno speed, Fuel Flow Rate (L/min), Lambda, Baro, Humidity and Ambient temperature were made from the dynamometer automatically from the test
The Radius, Bore Stroke and number of Cylinder was found by researching the engine manufacture specification
Torque – 
Brake power – 




 *120)/ (Area*Load*Number of Cylinder*Bore)






[bookmark: _Toc30384991]Graphical Data
[bookmark: _Toc30384992][image: ]
[image: ]The data on this Table shows the brake Power Curve as it raises through the engine speed






The data on this table shows the SFC (Specific Fuel Consumption) as it goes through the engine speed
[bookmark: _Toc30384993][image: ]
The data on this table shows the Torque curve of the engine as is goes through higher engine speed




[bookmark: _Toc30384994]Data Analysis
[bookmark: _Toc30384995]Load 
Load on the engine raises to the point of 3500 rpm, this is where the engine is at its maximum load and then past this point the engine cannot produce more load
[bookmark: _Toc30384996]Fuel rate
Fuel rate is the amount of fuel the engine takes for it to run. Fuel rate increases through as the engine speed increases, this is because the engine is running faster so it will need to inject more fuel so for each revolution the engine will produce power.
[bookmark: _Toc30384997]Lambda 
Lambda is the value of the oxygen content in the exhaust, this is how the vehicle calculates if the engine needs more fuel to get the perfect mixture of 14.7:1 Air to Fuel mix ratio, the values of the lambda reduces this shows that the higher the engine speed is the leaner the fuel to air mixture it becomes, this is most like due to its mapping it is programmed to run at.
[bookmark: _Toc30384998]Torque
Torque is the twisting force of the engine, the higher the torque the higher the power output and also the higher load capacity. Torque is at its maximum at 3500 rpm, this is because as the engine speed raises it is not as efficient creating a strong combustion, to increase torque more fuel would be needed, this would mean needing to run a rich mixture but then this can also lead to damaging the engine if too rich due to carbon deposits, to prevent this increasing the volumetric efficiency could be achieved by adding a turbo or a supercharger.
[bookmark: _Toc30384999]Brake Power
Brake power is the acceleration force of the engine, the higher the Brake power the higher the vehicle can accelerate and also increase its top speed. The Brake Power figures for this engine shows that at its peak at 4900rpm. This shows that this engine has a high-top end power, having this can lead to less power at lower rpm but then for spirited driving a high revving engine would be a more exciting drive for the driver,













[bookmark: _Toc30385000]Conclusion

Doing this Task was a great experience not just as an engineer to know what happens throughout the engine while it goes through its ranges of rpm but as a programmer who programs mapping for engine. This can be used if you would like to increase power and torque or increase fuel efficiency. Using the dynamometer and learning how the software work was a great transferable skill. Also, after analysing how the engine performs it taught me why engine power and torque dips after a point of certain rpm and also showed how a standard engine mapping looks like.
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As the task was restricted due to time and money, if there wasn’t any limit to either then I would test varies type of 4-cylinder engines and then go into detail with its manufacture mapping and then talk about why each engine are engineered for different needs and applications.
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Lload | Dyno Speed Lambda Torgue Radius Baro Humidity | Ambient Temp |Brake Power Fomected Powe

Newtons pm. Lambda nm m mBar % Degc w w
107.988 1000 135027 | 88.00401869] o0.815776 1027.82 23.34 18 9225.184065] 9063319138
108.283 1050 134645 | 88.33467261] o0.815776 1027.82 23.34 18 9712.904548] 9542.482086
109.063 1100 133703 | 88.97097789] o0.815776 1027.82 23.34 18 10248.72092] 10068.89703
110217 1150 132465 | 89.91238339] o0.815776 1027.82 23.34 18 10827.94319] 10637.95627
111.791 1200 130002 | 91.19641482] o0.815776 1027.82 23.34 18 11460.07947] 11259.00111
113.675 1250 1.29069 92.7333368] 0815776 1027.82 23.34 18 12138.7654] 11925.77882
115.798 1300 126850 | 94.46522925] 0.815776 1027.82 23.34 18 12860.08838 12634.44548
117.834 1350 125016 | 96.12614918] 0.815776 1027.82 23.34 18 13589.51418] 13351.07279
119.729 1400 123304 97.6720447] 0815776 1027.82 23.34 18 14319.46964] 14068.22047
121.549 1450 122146 | 99.15675702] o0.815776 1027.82 23.34 18 15056.32341] 14792.1454
123.002 1500 12150 | 1003420796 0.815776 1027.82 23.34 18 15761.697| 15485.14252
124.207 1550 21348 | 101.3250896] 0.815776 1027.82 23.34 18 16446.64479] 16158.07223
125.046 1600 21477 | 102.0095257] 0815776 1027.82 23.34 18 17091.86008] 16791.96659
125.773 1650 21667 | 102.6025948] 0.815776 1027.82 23.34 18 17728.4557| 17417.39251
126.462 1700 21943 | 103.1646645] 0.815776 1027.82 23.34 18 18365.74329] 18043.49826

815776 1027.82 23.34 18 19050.17851] 18715.9244

128.461 1800 21977 | 104.7954007] 0.815776 1027.82 23.34 18 19753.46766] 19406.87365

129.247 1850 21868 | 105.4366007] 0.815776 1027.82 23.34 18 20426.39576] 20067.99455

130.02 1900 21742 | 106.0671955] 0.815776 1027.82 23.34 18 21103.92841] 20733.63923

1
1
1
1
127.427 1750 122083 | 1039518884
1
1
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130.66 1950 21583 | 106.5892922] 0.815776 1027.82 23.34 18 21765.90892] 21384.00464

131.235 2000 12137 | 1070583634 0.815776 1027.82 23.34 18 22422.25119] 22028.83074
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131814 2050 121076 | 107.5306977] 0.815776 1027.82 23.34 18 23084.20607] 22679.17097
132.387 2100 120792 | 107.9981373] o0.815776 1027.82 23.34 18 23750.03083] 23333.31319
132.961 2150 120609 | 108.4663927] 0.815776 1027.82 23.34 18 24420.93428] 239944498
133.331 2200 120505 | 108.7682209] o0.815776 1027.82 23.34 18 25058.40127] 24618.72698
133.565 2250 120200 | 108.9591214] 0815776 1027.82 23.34 18 25672.88816] 25222.43209
134,052 2300 119683 | 109.3564044] 0.815776 1027.82 23.34 18 26339.08453] 25876.93939
134326 2350 119373 100.579927] 0815776 1027.82 23.34 18 26966.68033] 264935234
133,502 2400 119131 | 109.7235036] o0.815776 1027.82 23.34 18 27576.52421] 2709266698
134.605 2450 118738 | 109.8075285] o0.815776 1027.82 23.34 18 28172.59286] 27678.27701
134,703 2500 118304 | 109.8874745] o0.815776 1027.82 23.34 18 28768.47356] 28263.7024
134,866 2550 117955 110.020446] 0815776 1027.82 23.34 18 29379.35112 28863.86151
135.033 2600 34758 | 110.1566806] 0.815776 1027.82 23.34 18 29992.50961] 2946626153
135.024 2650 117023 | 110.1493386] o0.815776 1027.82 23.34 18 30567.25118] 300309187
134,996 2700 116508 | 110.1264969] 0.815776 1027.82 23.34 18 31137.53343] 30591.19478
133,623 2750 116377 | 109.8222124] 0815776 1027.82 23.34 18 31626.52678] 31071.60827
13267 2800 116077 | 109.8605539] o0.815776 1027.82 23.34 18 32212.79685] 31647.59165
134,778 2850 115658 | 109.9486577] 0.815776 1027.82 23.34 18 32814.32006] 32238.56055
132878 2900 135067 | 110.0302353] o0.815776 1027.82 23.34 18 33414.78397] 32828.48872
135.029 2950 114355 | 110.1534175] o0.815776 1027.82 23.34 18 34028.95477] 334318833
135.123 3000 143561 | 110.2301004] o0.815776 1027.82 23.34 18 34629.80738 34022.19335
135.581 3050 11273 | 1106037259 0.815776 1027.82 23.34 18 35326.30502] 34706.47025
136.193 3100 111603 | 1111020808 o0.815776 1027.82 23.34 18 36067.49851] 35434.65878
137.043 3150 110508 | 111.7963904] o0.815776 1027.82 23.34 18 36877.96546] 36230.90529
137.899 3200 10926 | 1124946946 0.815776 1027.82 23.34 18 37697.33399] 370358972
138,677 3250 107947 | 113.1293684] o0.815776 1027.82 23.34 18 38502.35919] 37826.79743
139.137 3300 10682 | 1135046253 0.815776 1027.82 23.34 18 39224.38267] 385361523
139.64 3350 105829 | 113.9149606] 0.815776 1027.82 23.34 18 39962.64172] 39261.45787
140.063 3400 104948 | 114.2600339] o0.815776 1027.82 23.34 18 40681.96141] 39968.15639
140,364 3450 104381 | 114.5055825] o0.815776 1027.82 23.34 18 41368.93812| 40643.07941
140534 3500 103441 | 114 6442684] 0.815776 1027.82 23.34 18 42019.31752| 4128204727
140.405 3550 102886 | 114.5390293] o0.815776 1027.82 23.34 18 42580.4718] 41833.35554
140.25 3600 1.02574 114.412588] 0815776 1027.82 23.34 18 43132.528] 42375.72538
139.872 3650 102464 | 114.1042207] o0.815776 1027.82 23.34 18 43613.72607| 42848.48036]
139.386 3700 102413 | 113.7077535] o0.815776 1027.82 23.34 18 44057.55799| 43284.52481
138.693 3750 102545 | 113.1424208] 0.815776 1027.82 23.34 18 44430.92474] 4365134047
137.873 3800 102746 | 112 4734884] 0815776 1027.82 23.34 18 44757.14385] 43971.83574]
137.091 3850 103043 | 1118355476] o0.815776 1027.82 23.34 18 45088.85597| 44297.72765
136.417 3900 103217 | 1112857146] o0.815776 1027.82 23.34 18 45449.86984] 44652.40718
135675 3950 103419 | 110.6804088] 0.815776 1027.82 23.34 18 45782.17996| 44978.88659
13391 4000 103547 | 110.0563402] 0.815776 1027.82 23.34 18 46100.29196] _ 45291.417
134.369 4050 103616 | 109.6150053] 0.815776 1027.82 23.34 18 4648936889 45673.6672
133.9 4100 103635 | 109.2324064] 0.815776 1027.82 23.34 18 46899.04248| 46076.15266]
133.51 4150 103608 | 108.9142538] 0815776 1027.82 23.34 18 47332.71703| 46502.21796]
133313 4200 103402 | 108.7535459] 0.815776 1027.82 23.34 18 47832.30771] 46993.04283
133.197 4250 103119 | 108.6589159] o0.815776 1027.82 23.34 18 48350.62401] 47511.10685
132.909 4300 102852 | 108.4239724] o0.815776 1027.82 23.34 18 48822.7669] 47966.12344
132.455 4350 102693 | 108.0536101] o0.815776 1027.82 23.34 18 49221.76201] 48358.11778
132.072 4400 102496 | 107.7411679] o0.815776 1027.82 23.34 18 49643.56635| 48772.52116]
131378 4450 102362 | 107.1750193] o0.815776 1027.82 23.34 18 49943.87092| 49067.55658
130.662 4500 102275 | 106.5009237] o0.815776 1027.82 23.34 18 50229.78943| 49348.45838
129.988 4550 102094 | 106.0410907] 0.815776 1027.82 23.34 18 50525.91658] 49639.38968
128.982 4600 101926 105.22042| 0.815776 1027.82 23.34 18 50685.82045] 49796.48788
128.015 4650 101876 | 104.4315646] 0.815776 1027.82 23.34 18 50852.62262] 49960.36335
127.041 4700 101811 | 103.6369988] o0.815776 1027.82 23.34 18 51008.35335] 50113.36162
125.897 4750 20185 | 102.7037511] 0.815776 1027.82 23.34 18 51086.7804] 50190.41259
124,636 4800 10187 | 1016750575 0.815776 1027.82 23.34 18 51107.45821 50210.72759
123.348 4850 1.01873 100.624338] 0815776 1027.82 23.34 18 51106.17679] 50209.46866
122106 4900 101850 | 99.61114426] 0.815776 1027.82 23.34 18 51113.14771] 50216.31726
120.895 4950 101828 | 98.62323952| 0.815776 1027.82 23.34 18 51122.61738] 50225.62079
119.617 5000 101774 | 97.58067779] o0.815776 1027.82 23.34 18 51093.12341] 50196.64432
118.36 5050 101691 | 96.55524736] 0.815776 1027.82 23.34 18 51061.77139] 50165.84239
116.917 5100 101569 | 95.37808259] 0.815776 1027.82 23.34 18 50938.64421] 500448756
115.417 5150 101519 | 94.15441859] 0.815776 1027.82 23.34 18 50778.11244] 49887.16052
114,077 5200 101537 | 93.06127875] o0.815776 1027.82 23.34 18 50675.84247] 49786.68498
112.549 5250 101623 | 91.81477302] o0.815776 1027.82 23.34 18 50477.80787] 49592.12509
11097 5300 101661 | 90.52666272| 0.815776 1027.82 23.34 18 50243.62874] 49362.05487
109.551 5350 101656 | 89.36907658] 0.815776 1027.82 23.34 18 50069.08681] 49190.57544
107.967 5400 101606 | 88.07688739] o0.815776 1027.82 23.34 18 4980630643 48932.4058
106.818 5450 101634 | 87.13956077] 0.815776 1027.82 23.34 18 49732.52238| 48859.91637

0

105.969 5500 201744 | 86.42696694] 0815776 1027.82 23.34 18 49789.87865| 48916.26626
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Bore | stoke | Area |Cylinders| BMEP bke Thermal Effficen
[ [ [ %

0.081] 0.077a] 0.00471 4] 6724561.50]  22.88900373
0.081] 0.077a[ 0.00471 4] 7060789.67]  23.43338693
0.081] 0.077a[ 0.00471 4] 7397017.74]  24.28995377
0.081] 0.077a[ 0.00471 4] 7733245.82]  25.97999709
0.081] 0.077a[ 0.00471 4] 80694739 26.9053845
0.081] 0.077a[ 0.00471 4] 840570198 26.8563441
0.081] 0.077a[ 0.00471 4] 8741930.06]  28.43a22337
0.081] 0.077a[ 0.00471 4] 9078158.14] 29.820531
0.081] 0.077a[ 0.00471 4] 9414386.22]  29.95469946
0.081] 0.077a[ 0.00471 4| o750614.3[ 31.04988767
0.081] 0.077a[ 0.00471 4] 10086842.4]  31.05623065
0.081] 0.077a[ 0.00471 4] 10423070.5]  30.82378093
0.081] 0.077a[ 0.00471 4] 107592085 31.13115478
0.081] 0.077a[ 0.00471 4] 11005526.6] 31.35871884
0.081] 0.077a[ 0.00471 4] 11431758.7]  32.06386901
0.081] 0.077a[ 0.00471 4] 11767982.8]  32.20055893
0.081] 0.077a[ 0.00471 4] 121042109]  31.56804543
0.081] 0.077a[ 0.00471 4] 12440438.9]  31.25649925
0.081] 0.077a[ 0.00471 4| 12776667 31.3859149
0.081] 0.077a[ 0.00471 4] 131128951  31.53799658
0.081] 0.077a[ 0.00471 4] 13a49123.2[  31.19514477
0.081] 0.077a[ 0.00471 4] 137853513 31.5383319
0.081] 0.077a[ 0.00471 4] 141215793 31.6019557
0.081] 0.077a[ 0.00471 4| 14a57807.4]  31.75039358
0.081] 0.077a[ 0.00471 4] 14794035.5]  31.78658912
0.081] 0.077a[ 0.00471 4] 15130263.6] 31.79260742
0.081] 0.077a[ 0.00471 4] 15466491.6] 31.74000314
0.081] 0.077a[ 0.00471 4] 15802719.7] 31.43368152
0.081] 0.077a[ 0.00471 4] 16138947.8]  31.33036321
0.081] 0.077a[ 0.00471 4] 164751759 31.6156564]
0.081] 0.077a[ 0.00471 4| 16811404] 31.48534388
0.081] 0.077a[ 0.00471 4| _17147632]  31.56066659
0.081] 0.077a[ 0.00471 4| 174838601 31.17444991
0.081] 0.077a[ 0.00471 4| 17820088.2] 31.14177806
0.081] 0.077a[ 0.00471 4] 181563163 31.1415429
0.081] 0.077a[ 0.00471 4| 184955484  30.96571835
0.081] 0.077a[ 0.00471 4| 18828772.4] 31.25070484
0.081] 0.077a[ 0.00471 4] 191650005]  31.30398123
0.081] 0.077a[ 0.00471 4] 19501228 6] 31.0624986]
0.081] 0.077a[ 0.00471 4] 19837456.7]  30.86950003
0.081] 0.077a[ 0.00471 4] 201736848 30.39635503
0.081] 0.077a[ 0.00471 4] 205099128 29.9467781
0.081] 0.077a[ 0.00471 4] 20846140.9]  29.99285761
0.081] 0.077a[ 0.00471 4| 21182360]  29.81516325
0.081] 0.077a[ 0.00471 4] 21518507.1]  30.21191631
0.081] 0.077a[ 0.00471 4] 218548252 30.1515486]
0.081] 0.077a[ 0.00471 4] 22191053.2]  30.38323971
0.081] 0.077a[ 0.00471 4] 22527281.3[  30.54868315
0.081] 0.077a[ 0.00471 4] 22863500.4]  30.34167148
0.081] 0.077a[ 0.00471 4] 23199737.5]  30.61222365
0.081] 0.077a[ 0.00471 4] 23535065.6]  30.33527085
0.081] 0.077a[ 0.00471 4] 23872193 6] 30.3020452
0.081] 0.077a[ 0.00471 4] 242084217 29.5395649
0.081] 0.077a[ 0.00471 4] 245436498 29.5791811
0.081] 0.077a[ 0.00471 4] 24880877.9]  29.10056085
0.081] 0.077a[ 0.00471 4] 25217105.9]  29.27521771
0.081] 0.077a[ 0.00471 4] 25553334] 29.0302329
0.081] 0.077a[ 0.00471 4] 258895621  28.76998247
0.081] 0.077a[ 0.00471 4] 26225790.2]  28.77434539
0.081] 0.077a[ 0.00471 4] 265620183 28.27253784
0.081] 0.077a[ 0.00471 4] 268982463  28.29890263
0.081] 0.077a[ 0.00471 4] 2723a47a.4]  28.28426953
0.081] 0.077a[ 0.00471 4] 27570702.5]  28.35083055
0.081] 0.077a[ 0.00471 4] 27906930.6]  28.21267189
0.081] 0.077a[ 0.00471 4] 28243158.7]  28.33150799
0.081] 0.077a[ 0.00471 4] 28579386.7]  28.42704324
0.081] 0.077a[ 0.00471 4] 289156148  28.21970201
0.081] 0.077a[ 0.00471 4] 202518a29]  28.00242832
0.081] 0.077a[ 0.00471 4| 29588071 28.04451909
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