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Introduction 
The aim of the dyno sessions is to give students experience with analysing engine performance in a controlled environment conducted by a technician. Engaging in these sessions will allow students to gain a better understanding of operating a dynamometer. It is also great for students to get a better understanding of engine test data, and the relationship between engine parameters and performance outcomes. 
Before the sessions started students were advised to view recorded videos of engine tests, which serve as foundation for analyzing key performance indicators such as horsepower, torque, air-fuel ration (AFR) and other critical performance parameters.
 
 
Testing equipment and method used
The sessions were conducted using a dynamometer, which is used to measure the engine's power output under controlled circumstances. By applying a load and measuring the force it gives back, the dyno can then calculate the power output (which is often in horsepower or kilowatts). This data is crucial for assessing the engine's efficiency and diagnosing it with other potential issues. The dyno provides precise, repeatable measurements, making it an essential tool for engine development and testing. (The Insurance Universe, 21 Mar. 2024)
The control system is a system that allows the operator to control the amount of load on the engine at a given time and is used to monitor its performance in real-time. The control system offers an interface for modifying test parameters and making sure that the engine is operating at its safest level. (Graf, Rudolf F, 1 Jan. 1999)
The cooling system is one of the important equipment in dyno testing as it used to prevent the engine from overheating during long testing sessions. It is often water cooled because maintains the optimal engine temperatures, which ensures reliable and repeatable test results. Engines can overheat without the correct cooling which leads to numerous faults leading to inaccuracies in test data, decreased efficiency, or at extreme lengths mechanical failure. 
Lastly, to keep a track on variables such as temperature, pressure, air-fuel ratio, and pollutants, the engine is fitted with numerous sensors and probes. Real-time data from sensors assists with evaluating the engine efficiency, performance, and emissions. 


Testing Method
The dynamometer required a structured series of steps to accurately record the engines performance under testing conditions. This is so the data that is recorded such as power output, torque and fuel efficiency is as accurate as possible.
Before testing a technician must ensure that the engine is safely mounted to the dynamometer and is properly connected to the correct systems such as, fuel systems which ensures the engine gets a constant supply of fuel, the cooling systems which prevents the engine from overheating with cooled air and the data acquisition system by connecting sensors to monitor RPM, torque, temperatures, pressures and emissions. (PowerTest, 26 Aug 2020)
The engine must then go through a warm-up cycle to bring it up to operating temperatures. This process allows the oil to stabilize its temperature for proper lubrication, which guarantees stable fuel combustion for accurate power measurements (Ref). Ensuring that the engine has time to warm-up prevents temperature-related variations in test results. As stated by (The Insurance Universe, 18 May 2024)
After baseline testing, which is essentially the first test that is taken whilst the engine is running at a steady RPM with little load as it provides important data such as idle speed which assesses the engine's ability operating whilst being idle. It also gives you the baseline measurement of the initial fuel consumption. This determines how efficient the engine burns fuel whilst having small loads put through it. After baseline testing is complete the engine is then put through gradual load adjustments to examine how the engine performs under different conditions. The dynamometer imitates real-world situations by applying a regulated resistance.
Several methods are used during testing an engine performance under different conditions.
The step load test measures torque and power production at each step by running the engine at incremental RPM levels from 1000 RPM up to 5500 RPM going up in 50 revolution increments. This makes it easier for engineers to evaluate the performance of the engine at different RPM and makes it easier for engineers to see where the engine might go wrong in smaller increments. 









Spread sheet data results tables
	Baro
	Humidity
	Ambient temp
	Dyno length
	dyno length 
	
	
	
	
	
	
	
	
	

	mBar
	%
	Deg C
	mm
	m
	
	
	
	
	
	
	
	
	

	1018.9
	46
	27
	815.776
	0.815776
	  
	
	
	
	
	
	
	
	

	Load
	Dyno Speed
	Fuel Flow Rate
	Fuel flow rate 
	Lambda
	Torque
	Torque
	Measured power
	Corrected power
	Power
	BMEP
	Fuel mass flow rate
	SFC
	Thermal Efficiency 

	Newtons
	rpm
	l/min
	l/hour
	Lambda
	Nm
	Ft LBS
	Kw
	Kw
	BHP
	Bar
	l/hour
	            kg/kWh
	                %

	102.275
	1000
	0.0704
	4.224
	1.2658
	83.4
	61.5
	9
	8.8
	12
	6.55
	0.00087355
	0.5
	22.56

	102.756
	1050
	0.0724
	4.344
	1.26783
	83.8
	61.8
	9
	9.3
	12
	6.58
	0.00089836
	0.5
	23.15

	103.689
	1100
	0.0737
	4.422
	1.27344
	84.6
	62.4
	10
	9.8
	13
	6.64
	0.00091449
	0.5
	24.04

	104.209
	1150
	0.0728
	4.368
	1.28476
	85.0
	62.7
	10
	10.3
	14
	6.68
	0.00090333
	0.4
	25.57

	105.811
	1200
	0.0744
	4.464
	1.29181
	86.3
	63.7
	11
	10.9
	15
	6.78
	0.00092318
	0.4
	26.51

	107.51
	1250
	0.07895
	4.737
	1.29729
	87.7
	64.7
	11
	11.6
	15
	6.89
	0.00097964
	0.4
	26.44

	109.488
	1300
	0.079
	4.74
	1.29895
	89.3
	65.9
	12
	12.2
	16
	7.01
	0.00098026
	0.4
	27.98

	111.797
	1350
	0.0796
	4.776
	1.29469
	91.2
	67.3
	13
	13.0
	17
	7.16
	0.00098770
	0.4
	29.45

	114.268
	1400
	0.0835
	5.01
	1.2855
	93.2
	68.8
	14
	13.8
	18
	7.32
	0.00103610
	0.4
	29.76

	115.783
	1450
	0.0847
	5.082
	1.27818
	94.5
	69.7
	14
	14.4
	19
	7.42
	0.00105099
	0.4
	30.79

	116.985
	1500
	0.08865
	5.319
	1.2795
	95.4
	70.4
	15
	15.1
	20
	7.50
	0.00110000
	0.4
	30.75

	117.788
	1550
	0.0932
	5.592
	1.27766
	96.1
	70.9
	16
	15.7
	21
	7.55
	0.00115646
	0.4
	30.43

	118.471
	1600
	0.0959
	5.754
	1.28235
	96.6
	71.3
	16
	16.3
	22
	7.59
	0.00118996
	0.4
	30.70

	118.772
	1650
	0.09875
	5.925
	1.29028
	96.9
	71.5
	17
	16.8
	22
	7.61
	0.00122532
	0.4
	30.82

	118.656
	1700
	0.10005
	6.003
	1.29942
	96.8
	71.4
	17
	17.3
	23
	7.60
	0.00124145
	0.3
	31.32

	118.861
	1750
	0.10305
	6.183
	1.31053
	97.0
	71.5
	18
	17.9
	24
	7.62
	0.00127868
	0.3
	31.35

	119.584
	1800
	0.1093
	6.558
	1.3149
	97.6
	72.0
	18
	18.5
	25
	7.66
	0.00135623
	0.4
	30.59

	119.934
	1850
	0.11415
	6.849
	1.31849
	97.8
	72.2
	19
	19.1
	25
	7.68
	0.00141641
	0.4
	30.19

	120.176
	1900
	0.11745
	7.047
	1.31892
	98.0
	72.3
	20
	19.6
	26
	7.70
	0.00145736
	0.4
	30.20

	120.948
	1950
	0.12055
	7.233
	1.31484
	98.7
	72.8
	20
	20.3
	27
	7.75
	0.00149582
	0.4
	30.39

	122.157
	2000
	0.12555
	7.533
	1.31653
	99.7
	73.5
	21
	21.0
	28
	7.83
	0.00155787
	0.4
	30.23

	122.845
	2050
	0.12785
	7.671
	1.32098
	100.2
	73.9
	22
	21.6
	29
	7.87
	0.00158641
	0.4
	30.59

	123.796
	2100
	0.1309
	7.854
	1.32287
	101.0
	74.5
	22
	22.3
	30
	7.93
	0.00162425
	0.4
	30.85

	124.794
	2150
	0.13435
	8.061
	1.32164
	101.8
	75.1
	23
	23.1
	31
	8.00
	0.00166706
	0.4
	31.02

	125.137
	2200
	0.1377
	8.262
	1.31652
	102.1
	75.3
	24
	23.7
	32
	8.02
	0.00170863
	0.4
	31.05

	126.028
	2250
	0.14105
	8.463
	1.30465
	102.8
	75.8
	24
	24.4
	32
	8.07
	0.00175020
	0.3
	31.23

	126.66
	2300
	0.14495
	8.697
	1.29646
	103.3
	76.2
	25
	25.0
	33
	8.12
	0.00179859
	0.3
	31.22

	126.822
	2350
	0.14985
	8.991
	1.28229
	103.5
	76.3
	25
	25.6
	34
	8.13
	0.00185939
	0.4
	30.89

	126.69
	2400
	0.1537
	9.222
	1.27304
	103.4
	76.2
	26
	26.1
	35
	8.12
	0.00190716
	0.4
	30.73

	126.552
	2450
	0.15565
	9.339
	1.26984
	103.2
	76.1
	26
	26.7
	36
	8.11
	0.00193136
	0.4
	30.94

	126.438
	2500
	0.1596
	9.576
	1.27446
	103.1
	76.1
	27
	27.2
	36
	8.10
	0.00198037
	0.4
	30.76

	126.239
	2550
	0.1626
	9.756
	1.27876
	103.0
	76.0
	28
	27.7
	37
	8.09
	0.00201760
	0.4
	30.75

	126.161
	2600
	0.16805
	10.083
	1.27634
	102.9
	75.9
	28
	28.2
	38
	8.08
	0.00208522
	0.4
	30.32

	125.847
	2650
	0.17145
	10.287
	1.28027
	102.7
	75.7
	28
	28.7
	38
	8.06
	0.00212741
	0.4
	30.21

	124.911
	2700
	0.17465
	10.479
	1.28371
	101.9
	75.2
	29
	29.0
	39
	8.00
	0.00216712
	0.4
	29.99

	123.927
	2750
	0.1784
	10.704
	1.2812
	101.1
	74.6
	29
	29.3
	39
	7.94
	0.00221365
	0.4
	29.67

	123.689
	2800
	0.18005
	10.803
	1.27448
	100.9
	74.4
	30
	29.8
	40
	7.92
	0.00223412
	0.4
	29.88

	123.389
	2850
	0.1831
	10.986
	1.26036
	100.7
	74.2
	30
	30.2
	40
	7.91
	0.00227197
	0.4
	29.83

	122.519
	2900
	0.1879
	11.274
	1.2531
	99.9
	73.7
	30
	30.5
	41
	7.85
	0.00233153
	0.4
	29.37

	121.837
	2950
	0.19255
	11.553
	1.23943
	99.4
	73.3
	31
	30.9
	41
	7.81
	0.00238922
	0.4
	28.99

	121.709
	3000
	0.199
	11.94
	1.22735
	99.3
	73.2
	31
	31.4
	42
	7.80
	0.00246926
	0.4
	28.50

	121.123
	3050
	0.20605
	12.363
	1.2193
	98.8
	72.9
	32
	31.8
	42
	7.76
	0.00255674
	0.4
	27.85

	121.124
	3100
	0.21005
	12.603
	1.20692
	98.8
	72.9
	32
	32.3
	43
	7.76
	0.00260637
	0.4
	27.77

	120.851
	3150
	0.21605
	12.963
	1.19274
	98.6
	72.7
	33
	32.7
	44
	7.74
	0.00268082
	0.4
	27.37

	120.596
	3200
	0.21795
	13.077
	1.18481
	98.4
	72.6
	33
	33.2
	44
	7.73
	0.00270440
	0.4
	27.50

	120.84
	3250
	0.22305
	13.383
	1.17378
	98.6
	72.7
	34
	33.8
	45
	7.74
	0.00276768
	0.4
	27.35

	121.633
	3300
	0.2255
	13.53
	1.16118
	99.2
	73.2
	34
	34.5
	46
	7.79
	0.00279808
	0.4
	27.65

	122.181
	3350
	0.2285
	13.71
	1.15104
	99.7
	73.5
	35
	35.2
	47
	7.83
	0.00283530
	0.4
	27.82

	122.933
	3400
	0.2342
	14.052
	1.14117
	100.3
	74.0
	36
	35.9
	48
	7.88
	0.00290603
	0.4
	27.72

	123.475
	3450
	0.23605
	14.163
	1.12669
	100.7
	74.3
	36
	36.6
	49
	7.91
	0.00292899
	0.4
	28.03

	123.428
	3500
	0.24195
	14.517
	1.11975
	100.7
	74.3
	37
	37.1
	49
	7.91
	0.00300220
	0.4
	27.73

	124.205
	3550
	0.24545
	14.727
	1.10622
	101.3
	74.7
	38
	37.9
	51
	7.96
	0.00304563
	0.4
	27.90

	124.066
	3600
	0.25505
	15.303
	1.09697
	101.2
	74.7
	38
	38.4
	51
	7.95
	0.00316475
	0.4
	27.20

	123.967
	3650
	0.25755
	15.453
	1.09401
	101.1
	74.6
	39
	38.9
	52
	7.94
	0.00319577
	0.4
	27.29

	123.815
	3700
	0.26445
	15.867
	1.09659
	101.0
	74.5
	39
	39.4
	52
	7.93
	0.00328138
	0.4
	26.91

	123.767
	3750
	0.2651
	15.906
	1.09808
	101.0
	74.5
	40
	39.9
	53
	7.93
	0.00328945
	0.4
	27.19

	123.509
	3800
	0.2693
	16.158
	1.09907
	100.8
	74.3
	40
	40.3
	54
	7.91
	0.00334156
	0.4
	27.07

	122.672
	3850
	0.27375
	16.425
	1.10533
	100.1
	73.8
	40
	40.6
	54
	7.86
	0.00339678
	0.4
	26.80

	122.157
	3900
	0.2759
	16.554
	1.11704
	99.7
	73.5
	41
	41.0
	55
	7.83
	0.00342346
	0.4
	26.82

	121.184
	3950
	0.28285
	16.971
	1.12259
	98.9
	72.9
	41
	41.1
	55
	7.76
	0.00350970
	0.4
	26.29

	120.004
	4000
	0.28455
	17.073
	1.12461
	97.9
	72.2
	41
	41.3
	55
	7.69
	0.00353079
	0.4
	26.20

	118.734
	4050
	0.2871
	17.226
	1.1222
	96.9
	71.4
	41
	41.3
	55
	7.61
	0.00356243
	0.4
	26.02

	117.442
	4100
	0.28895
	17.337
	1.12394
	95.8
	70.7
	41
	41.4
	55
	7.52
	0.00358539
	0.4
	25.88

	116.5
	4150
	0.29305
	17.583
	1.12233
	95.0
	70.1
	41
	41.6
	55
	7.46
	0.00363626
	0.4
	25.63

	115.931
	4200
	0.2949
	17.694
	1.12179
	94.6
	69.8
	42
	41.9
	56
	7.43
	0.00365922
	0.4
	25.65

	115.034
	4250
	0.29715
	17.829
	1.12456
	93.8
	69.2
	42
	42.0
	56
	7.37
	0.00368714
	0.4
	25.56

	114.391
	4300
	0.3022
	18.132
	1.12278
	93.3
	68.8
	42
	42.3
	56
	7.33
	0.00374980
	0.4
	25.28

	114.016
	4350
	0.30605
	18.363
	1.11943
	93.0
	68.6
	42
	42.6
	57
	7.31
	0.00379757
	0.4
	25.17

	113.871
	4400
	0.3092
	18.552
	1.11986
	92.9
	68.5
	43
	43.1
	57
	7.30
	0.00383666
	0.4
	25.17

	113.985
	4450
	0.3099
	18.594
	1.11873
	93.0
	68.6
	43
	43.6
	58
	7.30
	0.00384534
	0.4
	25.42

	113.306
	4500
	0.31445
	18.867
	1.11563
	92.4
	68.2
	44
	43.8
	58
	7.26
	0.00390180
	0.4
	25.19

	113.074
	4550
	0.3171
	19.026
	1.10953
	92.2
	68.0
	44
	44.2
	59
	7.24
	0.00393468
	0.4
	25.20

	112.195
	4600
	0.3194
	19.164
	1.10569
	91.5
	67.5
	44
	44.4
	59
	7.19
	0.00396322
	0.4
	25.10

	111.061
	4650
	0.32055
	19.233
	1.09782
	90.6
	66.8
	44
	44.4
	59
	7.12
	0.00397749
	0.4
	25.02

	109.973
	4700
	0.3207
	19.242
	1.09558
	89.7
	66.2
	44
	44.4
	59
	7.05
	0.00397935
	0.4
	25.03

	108.654
	4750
	0.32485
	19.491
	1.08827
	88.6
	65.4
	44
	44.4
	59
	6.96
	0.00403085
	0.4
	24.68

	107.076
	4800
	0.32455
	19.473
	1.08396
	87.4
	64.4
	44
	44.2
	59
	6.86
	0.00402712
	0.4
	24.60

	105.24
	4850
	0.3257
	19.542
	1.08221
	85.9
	63.3
	44
	43.9
	58
	6.74
	0.00404139
	0.4
	24.34

	103.632
	4900
	0.3277
	19.662
	1.0846
	84.5
	62.4
	43
	43.7
	58
	6.64
	0.00406621
	0.5
	24.07

	102.335
	4950
	0.32845
	19.707
	1.08823
	83.5
	61.6
	43
	43.5
	58
	6.56
	0.00407552
	0.5
	23.96

	101.106
	5000
	0.3287
	19.722
	1.08687
	82.5
	60.8
	43
	43.5
	58
	6.48
	0.00407862
	0.5
	23.89

	99.3149
	5050
	0.32985
	19.791
	1.0891
	81.0
	59.8
	43
	43.1
	57
	6.36
	0.00409289
	0.5
	23.62

	97.5815
	5100
	0.3297
	19.782
	1.09185
	79.6
	58.7
	43
	42.8
	57
	6.25
	0.00409103
	0.5
	23.45

	95.8486
	5150
	0.33095
	19.857
	1.09407
	78.2
	57.7
	42
	42.4
	57
	6.14
	0.00410654
	0.5
	23.17

	94.8033
	5200
	0.3338
	20.028
	1.09346
	77.3
	57.0
	42
	42.4
	56
	6.07
	0.00414190
	0.5
	22.94

	93.0976
	5250
	0.3313
	19.878
	1.08804
	75.9
	56.0
	42
	42.0
	56
	5.96
	0.00411088
	0.5
	22.91

	91.7886
	5300
	0.3324
	19.944
	1.08339
	74.9
	55.2
	42
	41.8
	56
	5.88
	0.00412453
	0.5
	22.73

	90.5938
	5350
	0.3308
	19.848
	1.08007
	73.9
	54.5
	41
	41.7
	56
	5.80
	0.00410468
	0.5
	22.76

	89.6374
	5400
	0.3388
	20.328
	1.07895
	73.1
	53.9
	41
	41.6
	55
	5.74
	0.00420394
	0.5
	22.19

	88.9256
	5450
	0.3438
	20.628
	1.07923
	72.5
	53.5
	41
	41.7
	56
	5.70
	0.00426599
	0.5
	21.90

	88.6474
	5500
	0.3488
	20.928
	1.08366
	72.3
	53.3
	42
	41.9
	56
	5.68
	0.00432803
	0.5
	21.71



	Bore
	Stroke
	Displacment

	mm
	mm
	cm^3

	75
	90
	1590

	 
	 
	

	Pressure
	Ambient Temp
	

	Kpa
	Kelvin
	

	101.89
	300.15
	












Graphical Results

SFC against Engine Speed
[image: ]
The graph above shows Specific Fuel Consumption (SFC) vs. Engine Speed (RPM). The graph states that SFC initially decreases, reaching a minimum, and then increases as the RPM also increases. High SFC at low RPM can be explained by the engine not running efficiently (Engineering explained, 17 Feb. 2021). This is down to poor combustion, higher frictional losses, and inefficient air-fuel mixing at lower RPMs which causes the engine to use a lot more fuel and producing a lot less power. 
The SFC decreases and reaches its lowest level just as the engine speeds increase. This is where the engine is efficiently working at its best because combustion is at its peak performance, and the airflow into the engine is well balanced which allows the engine to produce more power with less fuel. (Automotive Quest, 26 June 2024)
Finally, as the RPM continues to rise beyond the efficiency range, the SFC to gradually increase yet again, this is due to the combustion process becomes less effective at higher speeds whilst needing more fuel to sustain its power (ref), making the engine less efficient. 



Torque against Engine Speed
[image: ]
As more air and fuel enter the engine at a low RPM, the torque increases which ultimately improves combustion. Torque reaches its maximum at a mid-ranged RPM, where the engine is running at its most efficient. Due to the higher frictions in the engine the torque drops reducing the air intake efficiency, and its limited combustion due to its low power. Overall, the engine performs best in the midrange (between 2200 RPM and 2800 RPM) while low or high speeds reduce torque out. 



Brake Power against Engine Speed
[image: ]
As the graph shows above brake power increases at lower RPM as engine speeds rises because power relies on both torque and speed, at higher revs, power drops odd due to friction, mechanical losses, inefficient air-fuel intake and heat buildup. In addition, at high-speed torque may reduce and much lowering power production. To protect the engine from wear and damage, certain engines include electrical limiters. These limiters help power increase with speed with speed before stabilising. 









Test Result Conclusions
The engine dynamometer test results reveal critical performance metrics, such as power output, fuel consumption, and the trends in torque under different conditions. Both torque and power production increased when the speed was applied. Peaking at 103.5 N/m and 59 BHP, before decreasing because of the efficiency constraints. The corrected power that was calculated is as close to the engine's true performance under normal circumstances, which can be used to cross-reference the manufacturers specifications. 
From the trends that thermal efficiency showed, the engine is the most efficient at converting fuel into power at specific operating ranges, peak efficiency mainly occurring at mid-to-high RPMs, with it in the region of the low 31% at 2150 RPM and 2300 RPM. The Specific Fuel Consumption (SFC), which calculates fuel consumption per unit of power. Better fuel efficiency is essentially indicated by a lower SFC value. 
Brake Mean Effective Pressure (BMEP) measures how efficiently an engine can convert combustion pressure into mechanical work by being as efficient as possible. Better efficiency and torque capacity are indicated by a higher BMEP. The BMEP peaks at 8.13 which is at 2350 RPM. Which is an ideal RPM before it starts to decrease due to efficiency loss. Air-fuel ratio, volumetric, and combustion efficiency can often affect the efficiency of the engine. 
In summary, the test results helped with determining the optimal operating conditions for the 1.6 L Honda V-Tech engine. From the table of results, peak efficiency and power occur at specific RPMs. Further performance can be found by analysing the air-fuel ratios, combustion stability and cooling down. 



Evaluation of how the testing went
Due to the dynamometer being broken I didn't have the chance to test out the dynamometer so the dyno session didn't go to plan as it should have.  however, we were provided with the results to work out, corrected power, Torque, BMEP, SFC and Thermal efficiency. Videos of how the dynamometer were also provided so I could have a better understanding of how it functioned. 
I believe I performed well analysing the data, but using the dynamometer would have been a great experience for me to build my knowledge on how an engine performs and how it works under different loads. 
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