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The aim of this investigation was to analyse the performance characteristics of a spark ignition engine using dyno test data. The study focuses on understands how key areas like torque, brake power, and specific fuel consumption vary with engine speed, and how these relationships reflect engine efficiency and performance. The engine used was a Honda 1.6L VTEC engine, a typical naturally aspirated engine, as commonly referred to in manufacturer service guide (Honda Motor Co., 1988). 
Engine testing was carried out using an eddy-current dynamometer, specifically a Schenck WSS230, which allows controlled loading of the engine while measuring torque output. It operates by applying an electromagnetic resistance to the rotating shaft, which allows for performance data to be collected across a range of engine speeds. According to the Schenck technical specifications (Schenck Pegasus.,2001), the dynamometer is capable of measuring torque with an accuracy of +-0.2% of the rated value using a strain gauge load cell, allowing for reliable calculation of brake power. 
Due to equipment limitations, the investigation was based on pre-recorded data and instructional videos rather than direct experimental testing. However, the data still provides a valid bases for analysing the engine behaviour. 
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The engine dynamometer test was conducted using an eddy current dynamometer, Schenck WSS230. The test was done on a Honda VTEC 1.6 engine from around 2000-2001. This dyno is rated to a maximum speed of 10,000rpm and a maximum load capacity of 230kW. 
The engine was mounted on a test rig and was connected to the dyno through a driveshaft that was bolted to the crankshaft. This allowed the dynamometer speed to be equal to the engine speed. The engine is a self-controlled unit on the rig, with main functions controlled via sensor modules, however the throttle is controlled by computer actuators from the throttle actuator box. A range of sensors were used to monitor the performance of the engine and its operating conditions, including coolant temperature sensors, a flow meter, a lambda sensor and speed sensors. 
Due to the high electrical loads using inlet and outlet pipes connected to a cooling system on the roof that entails radiators and fans to maintain a certain operating temperature. 
The Schenck WSS230FW dynamometer operates with a main principle of electromagnetic resistance, where the inner rotor was driven by the engine and the outer casing was subjected to an electromagnetic generated by the current the outer case is fed by. Subsequently, this produces a resistive force, which attempts to rotate the outer casing. the casing was restrained by a load cell which includes a strain cell, which measures the reaction forces and produces a voltage signal within a range of 0-10 volts. This signal was the primary output of the dyno, with all other parameters being calculated using the additional sensor data. 
The system was calibrated using known amounts of mass being applied to a calibration arm of a fixed length (815.776mm), the torque was calculated by multiplying the arm length by the newtons recorded. 
The primary testing method used for this run of the dyno was the sweep test. This was used because of its efficiency, and it places less thermal load on the engine than the step test does. Before testing, the engine was brought up to operating temps and stabilised. The test parameters were then selected in the computer menu, this included a start speed of 1000rpm and an end speed of 5500rpm, with the dyno logging data every 50rpm. The throttle was set wide open to 100% and the dyno was configured so it controlled the engine speed by varying the electromagnetic load. 
As the test began, the engine would attempt to accelerate under full throttle while the dyno applied a controlled resistance, this let the speed of the engine rise progressively across the set range. Data was continuously collected without pausing at each 50rpm increment. At the end of the test, the system slowly returned the engine speed to idle at a controlled rate. Although this method may be less accurate than the step test, as the dyno has to play catchup almost, it significantly reduces the risk of engine overheating and excessive engine strain. 
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Below is my raw data collected and calculated based on the dynamometer test of a Honda VTEC 1.6L engine. 


	Load
	Dyno Speed
	Fuel Flow Rate
	Lambda
	Torque
	Power 
	BMEP
	SFC
	Overall thermal 
efficiency 
	Corrected BP
	Power

	Newtons
	rpm
	l/min
	Lambda
	N/m 
	kW
	 kPa
	kg/kWh
	%
	kW
	W

	102.275
	1000
	0.0704
	1.2658
	83.35413
	8.724398
	657.9485985
	0.36312
	22.84826141
	8.779046667
	8724.398

	102.756
	1050
	0.0724
	1.26783
	83.74614
	9.203701
	661.0429351
	0.353988
	23.43766017
	9.26135131
	9203.701

	103.689
	1100
	0.0737
	1.27344
	84.50654
	9.729519
	667.0450475
	0.34087
	24.33964353
	9.79046323
	9729.519

	104.209
	1150
	0.0728
	1.28476
	84.93034
	10.22278
	670.3902763
	0.320461
	25.8897597
	10.28681521
	10222.78

	105.811
	1200
	0.0744
	1.29181
	86.23597
	10.83124
	680.6961541
	0.309106
	26.84080021
	10.89908236
	10831.24

	107.51
	1250
	0.07895
	1.29729
	87.62065
	11.4637
	691.6260458
	0.309913
	26.77090608
	11.53550852
	11463.7

	109.488
	1300
	0.079
	1.29895
	89.23272
	12.1416
	704.3507813
	0.292795
	28.33603718
	12.21765182
	12141.6

	111.797
	1350
	0.0796
	1.29469
	91.11456
	12.87449
	719.2048836
	0.278225
	29.81996851
	12.95513037
	12874.49

	114.268
	1400
	0.0835
	1.2855
	93.12842
	13.64642
	735.1011533
	0.275347
	30.1316224
	13.73189681
	13646.42

	115.783
	1450
	0.0847
	1.27818
	94.36315
	14.32118
	744.8473487
	0.266144
	31.1735111
	14.41088558
	14321.18

	116.985
	1500
	0.08865
	1.2795
	95.34278
	14.96882
	752.5799736
	0.266504
	31.13142701
	15.06257797
	14968.82

	117.788
	1550
	0.0932
	1.27766
	95.99722
	15.57395
	757.7457788
	0.269296
	30.80868512
	15.67150174
	15573.95

	118.471
	1600
	0.0959
	1.28235
	96.55387
	16.16955
	762.1396081
	0.26689
	31.08635196
	16.27083745
	16169.55

	118.772
	1650
	0.09875
	1.29028
	96.79918
	16.71722
	764.0759809
	0.265819
	31.21168675
	16.8219324
	16717.22

	118.656
	1700
	0.10005
	1.29942
	96.70464
	17.20698
	763.3297376
	0.261653
	31.70865802
	17.31476074
	17206.98

	118.861
	1750
	0.10305
	1.31053
	96.87172
	17.74367
	764.6485297
	0.261347
	31.74576246
	17.85481266
	17743.67

	119.584
	1800
	0.1093
	1.3149
	97.46096
	18.36164
	769.2996843
	0.267868
	30.97289137
	18.4766593
	18361.64

	119.934
	1850
	0.11415
	1.31849
	97.74621
	18.92692
	771.5512805
	0.271399
	30.56993117
	19.04547972
	18926.92

	120.176
	1900
	0.11745
	1.31892
	97.94344
	19.47769
	773.1080985
	0.271349
	30.57557651
	19.59969057
	19477.69

	120.948
	1950
	0.12055
	1.31484
	98.57262
	20.11867
	778.0744766
	0.269638
	30.7696402
	20.24469192
	20118.67

	122.157
	2000
	0.12555
	1.31653
	99.55796
	20.8408
	785.8521335
	0.271091
	30.60468875
	20.97134204
	20840.8

	122.845
	2050
	0.12785
	1.32098
	100.1187
	21.48213
	790.2781285
	0.267816
	30.97896781
	21.61669103
	21482.13

	123.796
	2100
	0.1309
	1.32287
	100.8937
	22.17644
	796.3960372
	0.26562
	31.23507769
	22.31535379
	22176.44

	124.794
	2150
	0.13435
	1.32164
	101.7071
	22.88749
	802.8163032
	0.264151
	31.40876241
	23.0308536
	22887.49

	125.137
	2200
	0.1377
	1.31652
	101.9867
	23.48413
	805.0228675
	0.263859
	31.44349478
	23.63122795
	23484.13

	126.028
	2250
	0.14105
	1.30465
	102.7128
	24.18887
	810.7547883
	0.262404
	31.61788401
	24.34038436
	24188.87

	126.66
	2300
	0.14495
	1.29646
	103.2279
	24.8504
	814.8205279
	0.262481
	31.60861233
	25.00605541
	24850.4

	126.822
	2350
	0.14985
	1.28229
	103.3599
	25.4231
	815.8626953
	0.265241
	31.27966137
	25.58234371
	25423.1

	126.69
	2400
	0.1537
	1.27304
	103.2524
	25.93699
	815.0135219
	0.266665
	31.112581
	26.09945552
	25936.99

	126.552
	2450
	0.15565
	1.26984
	103.1399
	26.4485
	814.1257496
	0.264826
	31.32869483
	26.61417246
	26448.5

	126.438
	2500
	0.1596
	1.27446
	103.047
	26.96396
	813.3923725
	0.266356
	31.14878199
	27.13285511
	26963.96

	126.239
	2550
	0.1626
	1.27876
	102.8848
	27.45995
	812.1121792
	0.266461
	31.13648008
	27.63195389
	27459.95

	126.161
	2600
	0.16805
	1.27634
	102.8212
	27.98108
	811.6103949
	0.270263
	30.6984384
	28.15634903
	27981.08

	125.847
	2650
	0.17145
	1.28027
	102.5653
	28.4482
	809.5903914
	0.271203
	30.59197964
	28.62639176
	28448.2

	124.911
	2700
	0.17465
	1.28371
	101.8025
	28.76938
	803.5689796
	0.273181
	30.3705173
	28.94958343
	28769.38

	123.927
	2750
	0.1784
	1.2812
	101.0005
	29.07131
	797.2387775
	0.276149
	30.04416305
	29.25341012
	29071.31

	123.689
	2800
	0.18005
	1.27448
	100.8065
	29.54304
	795.7076921
	0.274252
	30.25187617
	29.72808809
	29543.04

	123.389
	2850
	0.1831
	1.26036
	100.562
	29.99766
	793.7777524
	0.274671
	30.20572681
	30.1855556
	29997.66

	122.519
	2900
	0.1879
	1.2531
	99.85299
	30.30871
	788.1809274
	0.278979
	29.73931707
	30.49855834
	30308.71

	121.837
	2950
	0.19255
	1.23943
	99.29716
	30.65965
	783.7935312
	0.282611
	29.35715865
	30.85169876
	30659.65

	121.709
	3000
	0.199
	1.22735
	99.19284
	31.14655
	782.9700902
	0.287512
	28.85673574
	31.34164725
	31146.55

	121.123
	3050
	0.20605
	1.2193
	98.71525
	31.5132
	779.2002748
	0.294234
	28.1974717
	31.71059039
	31513.2

	121.124
	3100
	0.21005
	1.20692
	98.71606
	32.03007
	779.2067079
	0.295105
	28.11418786
	32.23070223
	32030.07

	120.851
	3150
	0.21605
	1.19274
	98.49357
	32.47333
	777.4504628
	0.299392
	27.71168039
	32.67673617
	32473.33

	120.596
	3200
	0.21795
	1.18481
	98.28574
	32.91917
	775.8100141
	0.297934
	27.84725156
	33.12537099
	32919.17

	120.84
	3250
	0.22305
	1.17378
	98.4846
	33.50118
	777.3796983
	0.299609
	27.69160831
	33.71102418
	33501.18

	121.633
	3300
	0.2255
	1.16118
	99.1309
	34.23981
	782.4811722
	0.296366
	27.99465644
	34.45428389
	34239.81

	122.181
	3350
	0.2285
	1.15104
	99.57752
	34.9152
	786.0065287
	0.294499
	28.17206021
	35.13389927
	34915.2

	122.933
	3400
	0.2342
	1.14117
	100.1904
	35.65442
	790.8442441
	0.295587
	28.06834696
	35.87775555
	35654.42

	123.475
	3450
	0.23605
	1.12669
	100.6321
	36.33826
	794.3310018
	0.292316
	28.38248749
	36.56587745
	36338.26

	123.428
	3500
	0.24195
	1.11975
	100.5938
	36.85087
	794.0286445
	0.295454
	28.08099161
	37.0816974
	36850.87

	124.205
	3550
	0.24545
	1.10622
	101.2271
	37.61261
	799.0271883
	0.293658
	28.25274995
	37.84820625
	37612.61

	124.066
	3600
	0.25505
	1.09697
	101.1138
	38.09968
	798.1329829
	0.301243
	27.54141715
	38.33832641
	38099.68

	123.967
	3650
	0.25755
	1.09401
	101.0331
	38.59801
	797.4961028
	0.300268
	27.63081733
	38.83978573
	38598.01

	123.815
	3700
	0.26445
	1.09659
	100.9092
	39.07878
	796.5182667
	0.304519
	27.2450585
	39.32356249
	39078.78

	123.767
	3750
	0.2651
	1.09808
	100.8701
	39.59152
	796.2094764
	0.301315
	27.53485122
	39.8395112
	39591.52

	123.509
	3800
	0.2693
	1.09907
	100.6598
	40.03577
	794.5497283
	0.302692
	27.40956724
	40.28654944
	40035.77

	122.672
	3850
	0.27375
	1.10533
	99.97768
	40.28767
	789.1651966
	0.30577
	27.13365993
	40.54002805
	40287.67

	122.157
	3900
	0.2759
	1.11704
	99.55796
	40.63956
	785.8521335
	0.305503
	27.15736286
	40.89411698
	40639.56

	121.184
	3950
	0.28285
	1.12259
	98.76496
	40.83273
	779.5926958
	0.311717
	26.61598395
	41.08849636
	40832.73

	120.004
	4000
	0.28455
	1.12461
	97.80326
	40.94696
	772.0015998
	0.312715
	26.53098986
	41.20345016
	40946.96

	118.734
	4050
	0.2871
	1.1222
	96.76821
	41.02004
	763.8315219
	0.314956
	26.34227381
	41.27698728
	41020.04

	117.442
	4100
	0.28895
	1.12394
	95.71523
	41.0746
	755.519915
	0.316564
	26.20842522
	41.33188046
	41074.6

	116.5
	4150
	0.29305
	1.12233
	94.9475
	41.24203
	749.4599045
	0.319753
	25.94708809
	41.50036262
	41242.03

	115.931
	4200
	0.2949
	1.12179
	94.48377
	41.53506
	745.7994522
	0.319501
	25.96751731
	41.79523215
	41535.06

	115.034
	4250
	0.29715
	1.12456
	93.75271
	41.70433
	740.0289326
	0.320632
	25.87591685
	41.96555982
	41704.33

	114.391
	4300
	0.3022
	1.12278
	93.22867
	41.95911
	735.8924286
	0.324101
	25.59895177
	42.22193974
	41959.11

	114.016
	4350
	0.30605
	1.11943
	92.92304
	42.30786
	733.480004
	0.325525
	25.48701672
	42.57286985
	42307.86

	113.871
	4400
	0.3092
	1.11986
	92.80487
	42.73973
	732.5471998
	0.325552
	25.48488369
	43.00744875
	42739.73

	113.985
	4450
	0.3099
	1.11873
	92.89778
	43.26869
	733.2805769
	0.3223
	25.74201081
	43.53971521
	43268.69

	113.306
	4500
	0.31445
	1.11563
	92.34439
	43.49421
	728.9124801
	0.325336
	25.50175991
	43.76664852
	43494.21

	113.074
	4550
	0.3171
	1.10953
	92.15531
	43.88743
	727.4199935
	0.325139
	25.51727184
	44.16233438
	43887.43

	112.195
	4600
	0.3194
	1.10569
	91.43893
	44.02479
	721.7652702
	0.326475
	25.4128137
	44.30055876
	44024.79

	111.061
	4650
	0.32055
	1.09782
	90.51472
	44.05351
	714.4700983
	0.327437
	25.33816041
	44.32945601
	44053.51

	109.973
	4700
	0.3207
	1.09558
	89.628
	44.091
	707.4708504
	0.327312
	25.34786004
	44.36717737
	44091

	108.654
	4750
	0.32485
	1.08827
	88.55301
	44.0256
	698.985549
	0.33204
	24.98692353
	44.30137422
	44025.6

	107.076
	4800
	0.32455
	1.08396
	87.26694
	43.84291
	688.8340664
	0.333115
	24.90623565
	44.11753571
	43842.91

	105.24
	4850
	0.3257
	1.08221
	85.7706
	43.54002
	677.0228356
	0.336621
	24.64683453
	43.81274334
	43540.02

	103.632
	4900
	0.3277
	1.0846
	84.46008
	43.31676
	666.678359
	0.340434
	24.37080352
	43.58808902
	43316.76

	102.335
	4950
	0.32845
	1.08823
	83.40303
	43.21111
	658.3345865
	0.342047
	24.25584767
	43.48177479
	43211.11

	101.106
	5000
	0.3287
	1.08687
	82.40139
	43.12339
	650.428267
	0.343004
	24.18820046
	43.39351221
	43123.39

	99.3149
	5050
	0.32985
	1.0891
	80.94164
	42.78305
	638.9058838
	0.346942
	23.91363682
	43.05104098
	42783.05

	97.5815
	5100
	0.3297
	1.09185
	79.52892
	42.45254
	627.7546924
	0.349484
	23.73969028
	42.71845481
	42452.54

	95.8486
	5150
	0.33095
	1.09407
	78.11661
	42.10746
	616.6067176
	0.353684
	23.45778208
	42.37121058
	42107.46

	94.8033
	5200
	0.3338
	1.09346
	77.26469
	42.0526
	609.8821645
	0.357196
	23.22719661
	42.3160058
	42052.6

	93.0976
	5250
	0.3313
	1.08804
	75.87454
	41.69306
	598.9091708
	0.357577
	23.20238788
	41.95422067
	41693.06

	91.7886
	5300
	0.3324
	1.08339
	74.80771
	41.49833
	590.4882008
	0.360448
	23.01759426
	41.75826874
	41498.33

	90.5938
	5350
	0.3308
	1.08007
	73.83395
	41.34455
	582.8018944
	0.360047
	23.04321584
	41.6035249
	41344.55

	89.6374
	5400
	0.3388
	1.07895
	73.05448
	41.29039
	576.6492467
	0.369238
	22.46963093
	41.54902914
	41290.39

	88.9256
	5450
	0.3438
	1.07923
	72.47436
	41.34179
	572.0701432
	0.374222
	22.17041201
	41.60075148
	41341.79

	88.6474
	5500
	0.3488
	1.08366
	72.24763
	41.59055
	570.2804458
	0.377393
	21.98409265
	41.85106955
	41590.55
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SFC against Engine speed

The specific fuel consumption (SFC) curve shows high values at low engine speeds, decreasing to a minimum around 2000-2500rpm, and then increasing steadily towards higher speeds. At low engine speeds, SFC is high a significant proportion of energy is lost as heat due to longer combustion durations and increased heat transfer to the cylinder walls. Combustion may also be less efficient under these conditions, further increasing fuel consumption per unit power. At the mid-range engine speeds, SFC reaches a minimum, and in this range, the engine operates with optimal combustion conditions, allowing the most efficient conversion of fuel energy. At higher engine speeds, SFC increases again as air has less time to enter and exit the engine, flow resistance increasing, reduced combustion efficiency caused by shorter available combustion time, and increased fuel demand to sustain power output. Therefore, more fuel is required per unit of brake power, resulting in the observed increase in SFC.  
Torque against Engine speed

The torque curve increases from approx. 80NM at 1000rmp to a peak of around 105NM at approx. 2500rpm, after which it gradually decreases, with a more pronounced decline beyond 4000rpm. At low engine speeds, torque is limited due to poor volumetric efficiency, as low intake air velocity results in less effective cylinder filling and suboptimal fuel-air mixing, leading to lower combustion pressures. 
As engine speed increases, volumetric efficiency improved due to enhanced airflow dynamics and more effective fuel atomisation, which results in higher cylinder pressures and increased torque output. The peak torque observed in the mid-range corresponds to optimal engine breathing and combustion conditions. Beyond this point, torque decreases due to reduced time available for air intake and combustion, increased flow losses through the intake and exhaust systems, and rising mechanical and pumping losses. These factors reduce the mean effective pressure, leading to the decline in torque at higher engine speeds. 

Brake power against engine speed

The brake power curve shows a steady increase from low engine speeds up to approx. 4500rpm, where a peak of 45-45kW is hit, followed by a slight decline towards 5500rpm. This trend is governed by the relationship power, torque and rotational speed: 

At lower to mid-engine speeds, brake power increases primarily thanks to the rise in engine speed while torque remains quite high, as shown in the torque curve. The increasing number of power strokes per unit time results in higher overall power output. In this region of the graph, volumetric efficiency improves, allowing more effective cylinder filling and efficient combustion. 
Beyond approximately 4500rpm, brake power begins to decrease slightly despite the increasing engine speed. This is due to the significant reduction in torque at higher speeds, caused by declining volumetric efficiency, increased intake and exhaust flow restrictions, and reduced time available for complete combustion. Furthermore, frictional losses increase with engine speed, further reducing the net brake power output. As a result, the decrease in torque outweighs the increase in speed, leading to the observed drop in power. 
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What the results have told us. 
The dynamometer results show trends consistent with typical internal combustion engine characteristics. There are clear links shown between engine speed, torque, brake power and specific fuel consumption in the graphs created from results. Torque increased from the low engine speed areas and top out around 2000-3000rpm, showing the engine achieves its highest efficiency within that region. Above this range, it decreases due to the reduced time available for air intake and exhaust to occur, as well as mechanical losses and flow restrictions. 
Brake power, on the other hand, continues to increase higher than the torque peak, as it is dependent on both the engine speed and torque. The max power was achieved at higher engine speeds, near 4500-4800rpm, where both torque and engine speed are at their highest. After this peak, power begins to decline as the reduction in torque outweighs the effect of increasing speed. 
SFC trends do also further support these conclusions as it shows high values at low engine speeds, thank to poor efficiency due to incomplete combustion and low airflow. Minimum SFC, however, occurs within the middle range speeds, similar to the torque curve, also representing the most efficient operating area of the engine. At higher speeds, SFC increases again due to it’s rising frictional losses, as well as reduced combustion efficiency. 
Overall, the results highlight that the engine’s optimal efficiency, max torque, and max power occur and different points, showing the consequent trade-off between having good fuel economy and high performance. 
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The overall investigation was limited by the inability to physically carry out the dyno test, the equipment was not available and operational at the time. As a result, all data used in the analysis was pre-prepared, and the methodology was derived from instructional videos rather than practical experience. This reduced the level of hands-on learning and understanding of the equipment as well as the testing experience, mostly in areas like system set-up and calibration. Additionally, reliance on secondary data meant that any sort of experimental error could not be observed, which limits the depth of the evaluation. 
The process of completing the methodology was also affected by this, as it required interpretation of verbal explanations from the videos provided, both of which are linked in the references section. This introduced the possibility of minor inaccuracies or misunderstandings, mostly with technical terminology and system operation. Greater clarity could have been achieved if there was a written guidance provided along with the videos. 
In terms of improving the performance of the test, conducting the dynamometer run would have allowed for better control over testing conditions, more accurate data validation and a clearer understanding of how things like throttle input affect the engine behaviour. Repeating tests and comparing multiple data sets would also improve the reliability. 
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SFC – specific fuel consumption
Submit both documents for assignment, excel sheet and report. Zip files together. 
815.776mm distance from pivot (0.815m) * by load to get n/m. 
Calculate torque, power, BMEP, SFC, overall thermal efficiency.  



Torque vs Dyno Speed
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Corrected Brake power vs Dyno speed
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Corrected brake power



SFC vs dyno speed
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Calculated SFC
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