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1.0 Introduction
For this study, it was of interest to investigate the performance characteristics of an internal combustion engine. 
The engine that will be used for this report is a Honda D16 Vtec engine. This a is a 1.6 single cam inline 4 cylinder which is used in Honda’s economic cars. This engine will be used on the electro engine dynamometer which can provide values for load, torque and power. However, for this report the torque and power will be found separately.
In engine testing, eddy-current dynamometers are used as load units for the test engine. The W series which is in the university is especially used for the development and testing all kinds of power engines as well as quality control, running in and endurance testing on engines. 



2.0 Experimental Procedure
The engine dynamometer in UWTSD is a Schenck Eddy-Current W series dynamometer. The Honda D16 engine will need to be mounted to the dyno and have all the starter wired up and coolant routed ready to be used with the dyno. 
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Figure 1. Honda D16

Figure 2. Honda D16 electronics


Before any testing can begin, the following values are needed:
· Radius of torque arm
· Temperature and pressure for the day
· Bore and stroke of engine
· Calorific value of fuel
Dynamometers calculate figures of load and torque by having the brake’s outer housing floating in trunnion bearings. However, the housing rotation is stopped by a torque arm. This attaches in the centre and projects radially. The distance of the calibration arm needs to be noted as this value is very important. The arm has a load acting downwards on the far end of it, this is the hanging weight, weights and gravity. This is needed later in the experiment as torque is calculated by multiplying distance by load (Bergeron, B. 2019).
Knowing this, the first step is to attach the weights to the calibration arm and document the total value of the load. 
Once the weights have been attached, the next step is to lock the door into the dyno room and occupy the operating room. Engine dynamometers operate using 3 main types of control, these being manual, short tests and test sequences. Manual control allows the operator to increase engine rpm as well as the load, the load provided by the dyno can also be referred to as “brake”, this is because the first types of dynamometers used a drum and band brake to increase load. 
[bookmark: _Hlk28598195]Short tests is the name given to cover both step and sweep tests, for step tests the engine is taken to a specific rpm and data is taken, once the data is taken It moves up to the next selected rpm and repeated until the specified max rpm is reached. The reasons for step tests is to receive reliable and accurate values as the engine does not accelerate once the data is being collected, as the engine is not accelerating there is no impact from the inertia of engine and dyno on the torque reading (McFarlend, J. 2003).
Sweep tests accelerate the engine at a specified rate, for example 200 rpm per second. This can be used to simulate road conditions and due to the steady acceleration, the inertia of the engine and dynamometer will affect the values and for that reason, the acceleration is consistent throughout the whole test to not impede results (McFarlend, J. 2003).
Test sequences are set parameters which the engine must perform, a good example of this would be the euro emission standard testing which simulations different journeys an engine can experience
Manual control is used in the test to help warm up the engine prior to taking figures related to the engine. This can be done on to dials on the operating desk as seen in figure 3.
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Figure 3. Engine RPM & Dyno speed


Once the engine has warmed up to a safe operating temperature, the step test can be performed. For the test performed the step was 50RPM per second starting at 1000RPM rising to a total speed of 5500RPM. 
After the tests have been completed, the engine can be brought to a steady idle to cool down, once cooled the engine can be shutdown
Normally, the dynamometer would read the torque value however, as previously mentioned for this test only the load, dyno speed, fuel flow rate and the lambda reading will be given, the rest will with be calculated using this values and known values such as the bore and stroke of engine. All the results will be documented and recorded in a Microsoft Excel sheet.



3.0 Results
[image: ]Figure 4 shows raw data from the Honda D16 on the engine dynamometer in the iQ campus.
Figure 4. Table of raw data from D16 engine
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Figure 6. Required data continued
Figure 5. Required data

[image: ]Figures 7, 8 & 9 shows the derived calculated values from figure 4, as well as figures 10, 11 &12 showing graphs plotting torque and brake power against engine speed along with specific fuel consumption against engine speed.Figure 7. Raw data and Derived calculations



[image: ]Figure 8. Raw data and Derived calculations continued

 

[image: ]Figure 9. Raw data and Derived calculations continued
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Figure 10. Graph 1 showing torque against engine speed




[image: ]Figure 11. Graph 2 showing power against engine speed
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Figure 12. Graph 3 showing specific fuel consumption against engine speed




4.0 Conclusion
Following analysing the collected and calculated data, for the most part the values replicate a smooth curve however, there are some differing values at certain peaks in the engine speed.
The torque figures are representative of what a torque curve should look like from an eco-engine, this statement can be backed up by looking at other torque graphs which other people have carried out. The curve has no clear peak whereas high performance petrol engines will have a sharper peak in the curve. The Honda engine made peak torque of 115.63Nm at 3500 rpm and tapers off by 4500 rpm even though the engine will rev to 5500 rpm. 
The peak power that the D16 engine made was at 4850 rpm at a value of 51.6 kW, the engine has always been run on the dynamometer for its whole life cycle, so therefore it has lost power over the years and has become less efficient. This is due to parts becoming worn out and having a negative impact on the torque and power values for example, piston rings can wear and slowly decrease compression in the combustion chamber. 
Within the excel document, there is a column for power corrected, the reason for this is to allow tests to performed with various atmospheric conditions to be compared, a correction equation can be used to gather and calculate the corrected power. This is important as the density of air has an impact on engine power values, thus cars (especially forced induction engines) perform better on a cold winter morning compared to a hot summer afternoon. To successfully do this correction the measured power, ambient pressure and ambient temperature is needed.
[bookmark: _Hlk28598835]Brake mean effective power is another way of measuring and comparing an engines output. Whilst torque offers values for the work done by the engine, it is still hard to compare the effectiveness of different engines as characteristics such as number of cylinders or displacement will have an input on readings, BMEP is the average pressure acting on the top of the piston that cylinder is on the power stroke. The Honda engine only produced a max value of 908 kPa, comparing this to a turbo F1 racing engine which has typical values of 28000kPa. A thesis for this engine is that the D16 is eco engine with a low compression ratio and performance isn’t a big priority. www.engineknowhow.com/engine-parameters/brake-mean-effective-pressure-bmep/  (Engine Know How. 2019)
[bookmark: _GoBack]Specific fuel consumption allows engineers and designers to define optimum operating conditions for the engine as well as calculating typical values for running costs. This is done by measuring kilograms of fuel burnt per kilowatt hour and is once again another measurement of efficiency. SFC is rarely quoted for passenger vehicles but is common on HGV’s and other type vehicles which travel long distances carrying a given load for goods, these vehicles usually need to follow strict laws so SFC values are very important. Average values vary from 0.3 to 0.5 kg/kWh and the D16 measured 0.24 – 0.33 kg/kWh.  Engines that use an electronic fuel injection (EFI) over a carburettor set up can find the SFC from the injection pulse width.
Brake thermal efficiency allows engineers to find a percentage of how effective the engine is. The thermal efficiency is the percentage of the energy from fuel and ignition and converted to mechanical energy. The percentage shows how well it converts the input to the output so therefore the higher percentage engine is more advantageous to the customer as it will more efficient.  Typically, engines lose on average up to 70% of the energy converted as it is gets lost and used by other attributes of the engine such as exhaust gas and heat soak from the coolant system. Knowing this most engines usually achieve values of 20% -30% efficiency. The D16 engine achieved very similar results ranging from 26% - 33% efficiency. This is very ideal as since this engine has been designed with economy as a main outcome rather than a high-performance engine. Honda do offer a high-performance 1600cc engine, this a double overhead cam engine optimising Honda’s Vtec technology which alters the valve lift and duration which results in making almost double the power of which the D16 engine tested, this engine is named as a B16 engine. 


5.0 Evaluation
Evaluating the test, all the performed tasks went well however there are some improvements that could have been made.
The engine was already set up to the dynamometer, so no engine setup was needed. However, when using the calibration arm and weight hanger, the weights that were used had been used over many years and had been chipped and damaged, so the total mass was incorrect to which was stamped on them. To fix this, brand new calibrated weights should be used to be accurate and precise.
To start, the engine was brought up to operating temperature using the manual control. being accurate in this type of control comes with practice due to having to balance the engine rpm and dyno load to hold at a certain speed. So, to improve in this area would require more time spent on the machine testing other engines. 
The step tests are all controlled by the computer module, so the results are very accurate with regards to engine and dyno speeds. To get closer and smoother results on a graph, smaller increments of steps could be implemented. 



6.0 References
[bookmark: _Hlk28597980]Bergeron, B. (2019, January 28). Dynamometer How Dynamometers Work. Available at:  https://www.dynomitedynamometer.com/dyno-dynamometer-article.htm (Accessed: 20 December 2019). 
McFarlend, J. (2003, March 01). Engine Testing Methods From the Pros – Technology Transfer. Available at: https://www.hotrod.com/articles/ctrp-0303-engine-testing-methods-pros/ (Accessed: 20 December 2019).
Engine Know How (2019). Brake Mean Effective Pressure (BMEP). Available at: www.engineknowhow.com/engine-parameters/brake-mean-effective-pressure-bmep/ (Accessed: 21 December 2019).


Pg. 2 | Evan Morcom
image4.jpg
-





image5.png
25, Wrap Text

] Merge & Center ~

Evan Morcom

2

Conditional Format as

S Fill
Sort& Find &
- & Clearv Filter v Select
Editing
R s T

utoSave Engine Dynamometer resuts GrD BENG (1) - Excel
File  Home Insert Pagelayout Formulas Data Review View Help
& cut Calibri M o
Paste [Bcopy ~ I < |EB|a- ==
v < Format Painter L = =
Clipboard 1 Font 1 Alignment
w2 -
A B c D E F G H
1 Baro  Humidity Ambient temp
2 mBar % DegC
3 | 1027.85 3138 25
4 load  Dyno SpecFuel Flow [Lambda
5 |Newtons rpm I/min  Lambda
6 | 108366 1000 0.0704 1.30942
7 | 108717 1050 0.0724 130366
8 | 109571 1100 0.0737 1.29294
9 | 111.008 1150 0.0728 127711
10| 113109 1200 0.0744 1.26074
11| 115336 1250 0.07895 1.24451
12| 117.903 1300  0.079 1.22724
13| 120828 1350 0.0796 1.20757
14| 123.86 1400 0.0835 11931
15| 126419 1450  0.0847 1.18486
16| 12813 1500 0.08865 1.17942
17| 120345 1550 0.0932 1.17953
18| 130257 1600 0.0959  1.1852
19| 130889 1650 0.09875 1.19185
20| 131264 1700 0.10005 1.19885
21 131456 1750 0.10305 1.20563
22| 131636 1800 01093  1.2097
23| 131525 1850 0.11415 1.20995
24 131916 1900 0.11745 1.20642
25| 13277 1950 0.12055 1.20033
26 133.987 2000 0.12555  1.1943
27| 134913 2050 0.12785 1.18908
28| 13565 2100 01309 1.18558
29| 136331 2150 0.13435 118312
Engine Dynamometer results GrD ®

H L Type here to search

I Comments

# > AutoSum v 9? p ’

Insert Delete Format





image6.png
Engine Dynamometer res Last Modified: 22m ago ~ Evan Morcom

File  Home Insert Pagelayout Formulas Data Review View Help & Share 1 Comments @)
L caion v e General B BB 8=RE 2y O 4
e © Tl ~

Paste - .o <o 00 | Conditional Formatas Cell | Insert Delete Format Sort& Find& | Ideas

v <¥ Format Painter Iy~ et B %9 B8 Formatting v Table v Styles v v v & Clear v Filter v Select v

Clipboard [} Font [} Alignment [} Number [} Styles Cells Editing Ideas Sensitivity ~

Vs - v
o 3 3 s H 3 K L % N o 3 Q R =

1

2 Baro Ambient temp Radius of torque arm Bore | Stroke | Area |Calorificvalue of the fuel| Specific Gravity of Fuel

3 mBar % DegC m m m m KJ/Kg Kg/m®

4 1027.85 3138 i3 0815776 0075 | 0.09 | o.00sa1s 23900 015

s

6

7 Tlambda | Torque |Torque (smoothed)| Power |Power (smoothed) |Corrected Power| Brake Mean Effective Pressure | Specific Fuel Consumption | Brake Thermal Efficiency

& Lambda| Nm Nm w w w Pa kg/kWh %

9 | 130542 | 83.40235202 90.821 9510753 108903 9375658272 7172513884 0333096658 2818584262

10] 1.30366 | ss.c8871999 | 911315 |1000.48|  11067.7 9575.140845 719706.6555 0325132263 27.85763727

11 [ 1.29294 | 83.3853921 91.757 10569.65| 113797 101951205 T2a503.3311 0313775834 28.13771276

12[ 127711 [ S0.63108205 | 92.6871 11621 117859 11003.54502 T31588.7151 0.253493266 25.52739743

13| 1.20074 [o2.07i60758| 938814 |11797.48| 122035 11629.90839 741420.6047 0263785307 30.11120092

14] 100051 [oa08830074| 952827 | 1247288 12855 1229531213 T52487.2557 0284547205 25.67190388

15| 1.02724 [ o6.1803773] 968376 |13183.05| 134656 12995.78524 764766.9501 0269664401 3106161875

16] 1.00757 | op.sesse2s3|  ssaves  |1so2ns3|  aawias 13724.07828 T77712.3968 0257293768 32.30846716

17[ 11991 [toroao1sa|  100.104  |14676.00 14784 14267.54885 750563.0724 0256030028 32.26454619

18] 118486 [103.1095861] 101611 [15a28.08|  15469.3 15209.82502 s02464.2825 0247035051 33.28225305

19] 117302 [ 1045250789 | 10292 |16166.95| 161598 15937.30801 812817.9967 0286753408 33.2187058

20[ 117953 | 1055165067 100008 [16s85.07| 3454 166455227 821552.5804 0228380708 32.94534007

21 11852 |106.00054] 108502 175832 17543 17333.00192 8287707799 0285033129 33.31925577

22[ 119185 [106.7761009]  105.685  [18261.28 18213 18001.83992 834546.4585 0203343413 33.61010351

23] 1.19885 | 107.0820205 10623 18922.13] 188855 18653.34912 8392164985 0237935728 34.3982906

24] 120563 | 107.0386495 | 106793 [19570.84]  19553.2 1929204720 843388.8996 0236546914 3457763719

25| 12097 |107.385a895| 10738 [o0213.89] 02187 19926.7605 826903.2503 0203322823 33.70998257

26| 120995 | 107.0019988 | 107604 [20s57.91]  o0ssas 2056163898 850267.5502 0286273437 3338108557

27] 120642 | 1076139068 | 108138 [2i515.95| 15584 21210.32954 854010926 0285643334 3340320250

26] 120033 | 1083105795 | 10867 [22192.63] 220388 21877.0018 858283.4289 0.204235207 33.60270741

20 11543 |109.3033785]  105.067 | 2ssas3 22908 22559.76156 862527.1103 0286877549 33.0502726

30| 118508 | 110.0587875 | 109851 [23582.32] 235900 2528732528 867539.2021 0243564565 33.6203975

31| 118558 | 110.c600144 | 110408 [2a279.99|  2a2733 23935.10889 871538.0636 0202607211 3379205814

32 118312 111155579 110933 [sao7628]  aavsss 262151136 876084.2077 0.202059621 33.84964136

33 117937 | 111.8000023 111421 [25609.56] 256352 25304.93482 879938.1475 0201338907 33.92565463

3 117362 [12.0577791 ] 1uess  [sovssai|  ov0a 2598085328 853365.6266 0240832703 33.99211414

35| 116666 | 112.6382712 11225 27036.02| 269758 266519921 836485.1065 0201261428 33.91922908

36| 115908 | 113.1603678 | 11259 [2770s.o1] 276419 2731532139 885217.6129 0.04336038 33.61527055 -

Results | Graphs | < y

. B
H P Type here to search ENG 11272019




image7.png
Engine Dynamometer results GrD BENG ~

File  Home Insert Pagelayout Formulas Data Review View Help & Share 0 Comments  ©
0 5; “ caion v e General - B O BRP 8rsE iy O %
opy v v
- o | e @ <o 00 | Conditional Formatas Cell | Insert Delete Format Sort& Find& | Ideas
< Format Painter Iy~ et B %9 B8 Formatting v Table v Styles v v v & Clear v Filter v Select v
Clipboard ~ Font ~ Alignment ~ Number ~ Styles Cells Editing Ideas. Sensitivity ~

Vs - v

A 3 c o 3 3 ® H 3 K L M N o 3 <
5
7 Load Dyno Speed|Fuel Flow Rate] Lambda | Torque |Torque (Smoothed)| Power |Power (smoothed) |Corrected Power| Brake Mean Effective Pressure | Specific Fuel Consumption | Brake Thermal Efficiency
8 Newtons rpm Ymin__|Lambda| _Nm Nm w w w Pa kg/kWh %
9 108366 1000 0.0704 | 1.30942 | 83.40238202 50821 9510753 108903 5375.658272 Ti7251.3484 0.333096658 25.18984262
10 108.717 1050 0.0724 | 130366 | 8a.68871539| 511315 | 1002048| 110677 9878.140845 7157066555 0.325134263 2785763727
n 109.571 1100 0.0737 | 129254 | 853853921 51757 10565.65|  11375.7 1041551205 726433311 0313775834 2813771276
12 11109 1150 0.0728 | 127711 | 90.63108205 | 52.6871 11621 117555 11003.54502 731988.7151 0.293453266 2952735743
1 113.105 1200 0.074 | 12607 | 92.27160758 | __sa.ss14 | 1i7s74s| 122535 11625.50839 7414206047 0.283785307 30.11120092
14 115.336 1250 0.07895 | 120451 | 9a.08834074 | 95.2827 | 1247248 12855 1225531213 T52487.2557 0.284847205 29.67150388
15 117.508 1300 0.075 | 1.02724 | s6.18243773 | 968376 | 13183.05| 134656 12955.79524 7647665501 0.265664401 3106161875
16 120828 1350 0.0756 | 120757 | sm.5o858253 | sedves | 132183| 141125 1372407828 Tr7712.3968 0.057293768 3230846716
17 12386 1400 0.0835 | 11931 | 101.0420154] _ 100.104 | 14676.00 14784 1446754885 790563.0744 0.256030028 32.26434619
18 126415 150 0.0847 | 118486 | 103.1255861| 101611 |15428.98|  15469.3 15205.82502 802464.4825 0.247035051 33.28205305
19 12813 1500 0.08865 | 117942 | 1045253789 | 102922 | Iel6s5| o198 15937.30801 5128175967 0.246753408 33.2187058
20 129.345 1550 0.0932 | 117953 | 105.5165467| 10408 | lo8s5.37] _ lo8aoad 166455227 821552.5404 0.248380708 32.54534007
21 130.057 1600 0.0959 | 11852 | 106.2005344| 104982 17583.2 175343 17333.04152 828770.7759 0.245433129 33.31925577
2 130.885 1650 0.09875 | 115185 | 106.7761049 | 105.68 | 1s261.08 18213 1800183552 834646.4585 0.243383413 33.61010351
3 131000 1700 0.10005 | 1.15885 | 107.0820209 106.29 18922.13|  isssss 18653.34512 835416.4986 0.237935728 34.3982906
2 131456 1750 0.10305 | 1.20563 | 107.2386459 | 106.793 | 19570.84|  15553.2 15252.84724 843388.8956 0.236926914 3457763719
25 131636 1800 01053 | 12057 | 107.3854855| 107238 |20213.85| 202187 15926.7605 846903.2508 0.043322823 33.70998257
% 131525 1850 0.11415 | 120995 | 107.0945384 | 107.064 2085751 20884 2056163858 850267.5502 0.046273437 33.34109557
27 131516 1500 0.11745 | 120642 | 1076139068 | 108.138 | 21515.85| 21544 2121032954 854010.526 0.045643334 33.04320250
2 132.77 1550 0.12055 | 120033 | 108.3105755 | 108.675 __|2zi5063| 200388 21877.4014 858283.4289 0.000435207 33.60270741
29 133.987 2000 0.12555 | 11943 |105.3033789|  109.067 | 2o8sds3 22508 22555.76156 862927.1103 0.246877549 33.25032726
30 134513 2050 0.12785 | 118908 | 110.0587875 | 109.851 _|23sea2| 235900 23247.34528 867535.2021 0.043964566 33.6243979
i 135.65 2100 0.1309 | 11855 | 110.6600144| 110408 |24279.95| 242733 23535.10449 871938.0636 0.242507211 33.79205814
2 136.331 2150 013435 | 118312 | 1112155579 | 11053 | 2ao7o.28| 24955 2462151136 876084.2077 0.2205621 33.84964136
) 137.097 2200 01377 | 117937 | 111.8400823 11421 | 2s669.56]  2s635.2 25308.93482 8759381475 0.241354907 33.52565463
3 137.486 250 0.14105 | 17362 |112.0577751]  1iisss  |aeass2n|  263t03 25%80.85328 883365.6266 0.240834708 33.99211414
35 138.075 2300 0.12495 | 116666 | 112.6382712 112.05 27036.02] 265798 26651.9921 886485.1065 0.041261448 33.51522508
6 138715 2350 0.14585 | 115908 | 113.003678 | 11259 277081 276815 2731532139 885217.6129 0.04336038 33.61527055
a7 13855 2400 0.1537 | 115132 | 1133553383 112865 |2sa67.07]  2ea9s5 27564.13623 8913736079 0.203821413 33.54818057
8 139.021 250 0.15565 | 114565 | 113.5731505 | 113.07 | 2s011.83|  2e938.5 28599.83541 893032.0655 0.041426522 33.88233779
39 139.095 2500 0.15% | 114114 | 113.636781 113.205 | asea200 29575 292211853 854185.0885 0.00228%417 33.76893258
I 139.335 2550 01626 | 11368 | 113.6654121| 113315 |30260.18| 302014 2583035378 894927.4457 0.24180291 33.84752117
4 139.392 2600 0.16805 | 113563 | 113.713464 113368 |a0sees6| 308203 3042841447 895314.4152 0.024995766 33.42133639
4 139.135 2650 0.17145. 1.13364 | 113.5029938 113.372 31461.56. 314332 31014.67055. 895346.0089. 0.245227801 33.4100075. hd

Results | Graphs < y

1217
H L Type here to search 24/12/2019




image8.png
Engine Dynamometer res Last Modified: Just now ~ Evan Morcom

File  Home Insert Pagelayout Formulas Data Review View Help & Share 1 Comments @)
L caion IS v e General B BB 8=RE 2y O 4
e © Tl ~
Paste === - .o <o 00 | Conditional Formatas Cell | Insert Delete Format Sort& Find& | Ideas
v <¥ Format Painter Iy~ v E=E= et B %9 B8 Formatting v Table v Styles v v v & Clear v Filter v Select v
Clipboard [} Font [} Alignment [} Number [} Styles Cells Editing Ideas Sensitivity ~
Vs - v
A 3 c o 3 3 s H ' ] 3 L M N o 3 <
2 139135 2650 01785 | 113304 1135029938 113372 [aueise|  aumsa 31014.67055 895346.0089 0285227801 33.4100075
s 138772 2700 0.17465 | 113233 | 113.0068671 11336 sa05178| 300425 31596.50828 895251.2398 0285204753 33.43360982
m 138701 2750 01784 | 112769 | 113.181578 113367 |a264735] 326506 32183.61603 895306.5218 0285500452 33.3519924
s 138.904 2800 0.15005 | 112073 | 113.3145095| 113398 [33250.03]  33259.0 s2777.73328 895551.3417 020367647 33.6622262
I3 139.148 2850 01831 | 111391 | 1135135988 | 11439 [aasse02]  33ses 333751126 895875.1358 0.20336885 33.7082068
a 139146 2500 01879 | 110783 | 113.5119673 113471 341597 34180 3397022085 896127.8532 0225373578 33.43997458
4 138.897 2550 0.15255 | 110134 | 113.0088991] 113498 |3s06247]  35092.9 3456413676 896341.0835 0247125291 33.21341852
4 138963 3000 0199 | 10951 | 1133626803 1355 3567278 357119 3516607382 896751.7452 0251031707 32.70283078
50 138.837 3050 020605 | 108754 | 113.0598525| 113625 |s291.29] 363349 35775.78943 857344.0555 025529522 3213488997
51 139217 3100 021005 | 108038 | 1135098874 113747 |30925.83]  36%63.5 36401.32023 898307.5404 0255979353 3206823484
s2 139461 3150 021605 | 107102 | 113.7689%67| 113852 | a7so9.24 37597 37035.58964 899452.6659 025878219 3171205518
53 13963 3200 021755 | 106185 | 113.0092502| 114053 | 3821953 38234 37676.64141 900724.1501 0256616205 3196821072
st 120053 3250 022305 | 105e51 | 1140518761 114232 |sssrres]  seras 38325.39031 902137.7878 0258175473 3175924578
s 120338 3300 02255 | 10289 | 1140803723 11408 [a953657] o511 38974.97306 903527.7333 0256661134 3193001631
s 190511 3350 02285 | 104268 | 1146255015 | _ as7s  [40198.19]  do1ss 39623.25625 904546.602 0255820549 32.017226%
s7 120802 3400 02342 | 103697 | 114828524 | 114735 | aoss1a3 0775 2027115728 906118.0862 0257583638 1772588
141325 3450 0.23605 | 1.03068 | 115.2895432 Tiass a1508.01 139 40914.66618 07255.3143 0255931875 3195047422
s 141738 3500 020155 | 10204 |11s.c26a587]  as7L  |a2iss0r]  a1sess 41500.51183 907573.9793 0258376554 3163080879
141734 3550 028505 | 102145 | 115.6231956 | 1ias7s  |427anee| 425857 4213651304 908029.2612 0.258406735 3161740488
6t 141467 3600 025505 | 101677 | 115.4053838 ] 1iasoz  [asuros|  asisaz 4270172071 907229.0575 026455928 30.83209822
& 141362 3650 025755 | 101337 | 1153197265 1iagel | 43seazs|  43e97.5 4328169155 906315.5217 0264215082 30.91864861
& 141.001 3700 02645 | 101219 |1is.0052018 | 1iasay  [asmasi|  aemans 437530685 904641.2652 0268123229 30.47287255
o 120483 3750 02651 | 101208 | 114002598 | 11az7s  |aasisen|  aamas 4123825502 902477.3768 0265834367 30.72392351
6 120029 3800 0.2693 | 101206 | 114248613 113959 [asuas28] 452078 aar0a.71 899981.7929 026723173 30.59162073
3 139.699 3850 027375 | 101243 |113.050914 | 113.605 | 4ss02.65] 456733 515205162 857194.0045 0268552772 30.40021008
o7 139121 3900 02759 | 101326 | 113.4915729] 113207 [4e23a54| o121 45577.80216 854042935 0.268533027 30.46371329
) 138419 3950 028285 | 10147 |112188%81] 112771 |4o64694] o556 4595432633 890599.661 0.272863567 25.99498676
5 137.656 2000 028455 | 101515 | 112.0964611] 112316 |470682]  de975.L 6378.52393 857006336 0272170384 30.08548312
0 136927 050 02871 | 101656 | 111.7017604 | 111.864 amasa | amss1 26769.29873 853436.7034 0.272315058 30.0820478
7 136392 4100 028855 | 101733 | 1110653202 111433 [a7eaner|  a7s00.7 a7160.27573 830032.9165 027177631 30.12650878
2 135.985 150 0.25305 | 1.0176 | 110.5006683 11108 [4824515] 482027 47563.80011 876794.9753 0.273315652 25.57471802
7 135320 4200 02545 | 101741 | 1103940114 110629 [48e57.48] 485987 47966.02918 873683.3928 0.272738657 30.03138354
7 134975 4250 025715 | 101673 | 110.1093656| 110265 |4s07a43]  4sssr.2 a5377.35%01 870808.7329 0.272478983 30.00220261
i3 135.085 2300 03022 | 101584 | 110.1664695| 109922 [4asao7.32|  asveas 5754.20106 868099.9187 027474181 25.76773215
i3 130803 350 0.30605 | 101328 | 110.0016832| 109547 | 49%02.05| 497287 515321831 865138.3872 0275985671 25.60773974
7 134343 2100 03092 | 100985 | 108.5997952| 109113 [50275.66]  s0062.L 4556152525 861710908 0276758152 25.504961
133.791 4450 0.3099 1.00641 1 109.1434868 108.61; 50616.3 503 49897.32951 78016864 0. 11399 9.62054774. hd
Results | Graphs | (&) < y

D
H L Type here to search NG 41272019




image9.png
Engine Dynamometer res Last Modified: 2m ago ~ Evan Morcom

File  Home Insert Pagelayout Formulas Data Review View Help & Share 1 Comments @)
L caion IS v e General B BB 8=RE 2y O 4
e © Tl ~
Paste === - .o <o 00 | Conditional Formatas Cell | Insert Delete Format Sort& Find& | Ideas
v <¥ Format Painter Iy~ v E=E= et B %9 B8 Formatting v Table v Styles v v v & Clear v Filter v Select v
Clipboard [} Font [} Alignment [} Number [} Styles Cells Editing Ideas Sensitivity ~
Vs - v
A 3 c o 3 3 s H ' ] 3 L M N o 3 <
53 139.699 3850 027375 | 101243 113060914 113605 [4ssozes|  aseraa as152.05162 857194.0005 0268552772 30.40021008
o7 139121 3900 02759 | 101326 | 113.4915729] 113207 [4e23a54| o121 45577.80216 854042935 0.268533027 30.46371329
) 138419 3950 028285 | 10147 |112188%81] 112771 |4o64694] o556 4595432633 890599.661 0.272863567 25.99498676
5 137.656 2000 028455 | 101515 | 112.0964611] 112316 |470682]  de975.L 6378.52393 857006336 0272170384 30.08548312
0 136927 050 02871 | 101656 | 111.7017604 | 111.864 amasa | amss1 26769.29873 853436.7034 0.272315058 30.0820478
7 136392 4100 028855 | 101733 | 1110653202 111433 [a7eaner|  a7s00.7 a7160.27573 830032.9165 027177631 30.12650878
2 135.985 150 0.25305 | 1.0176 | 110.5006683 11108 [4824515] 482027 47563.80011 876794.9753 0.273315652 25.57471802
7 135320 4200 02545 | 101741 | 1103940114 110629 [48e57.48] 485987 47966.02918 873683.3928 0.272738657 30.03138354
7 134975 4250 025715 | 101673 | 110.1093656| 110265 |4s07a43]  4sssr.2 a5377.35%01 870808.7329 0.272478983 30.00220261
i3 135.085 2300 03022 | 101584 | 110.1664695| 109922 [4asao7.32|  asveas 5754.20106 868099.9187 027474181 25.76773215
i3 130803 350 0.30605 | 101328 | 110.0016832| 109547 | 49%02.05| 497287 515321831 865138.3872 0275985671 25.60773974
7 134343 2100 03092 | 100985 | 108.5997952| 109113 [50275.66]  s0062.L 4556152525 861710908 0276758152 25.504961
0 133751 150 03099 | 1.00641 | 105.1434868| 108618 50616.3 0372 45857.32951 857801.6864 0275513992 25.62054774
0 133247 500 031425 | 100418 | 108.6957047] 108054 |50919.5]  50650.6 50195.97015 853347543 0.2775958%6 25.35340933
8 132429 2550 03171 | 100084 | 108.0487158] 107408 [suzroi|  sossas S0450.27254 828245.8113 0278525257 25.24526284
81 131429 500 03198 | 099955 | 107.2084661 106.68 Sis892|  stio22 50658.9669 812296.4914 0.279690663 2515614842
130576 1650 0.32055 | 0998174 106.520767 1058845155988 51273 5082750351 8362101471 0.279766935 25.14864751
& 129379 4700 03207 [ 0993338 | 105.5042031 105005 [s168L66| 514068 So9a7.55272 829268.3172 0.279238321 25.21100389
127916 750 032485 [ 0998185 | 104.3508028 | 104058 | 5176041] 515054 51025.15339 821789.4629 0282021453 28.09318112
8 126878 500 0.32455 [ 0997699 | 103.5040273 10073 [s1s1004] 515712 51074.20839 8140105067 0251885796 28.95683452
3 125285 2350 03257 [ 0.998659 | 102.004562| 102032 |s1821.12] 516062 51085.02714 805789.2952 0282828725 25.97217533
o7 122018 500 0.3277 [ 0.999367 | 101.170908 100969 518093 | 16136 5107397096 757394.3405 028462707 28.70206721
8 122778 4550 032845 | 0999956 | 100.1593457] __99.8808 | 51774.49] 515958 51029.064 7885003708 0285473599 2862665152
8 121377 5000 03287 | 1.00054 | 9901604355 | 987563 | 51708.68 51555 S0974.13664 779915.7289 0286054501 28.58225923
% 119925 5050 0.32985 | 1.00122 | 578315368 97594 |sio343]  suses 50850.28863 770775.3053 0287585052 2.04515464
o1 118218 5100 03297 | 100213 | 9643940717 64104 |suas5.97] 514186 50758.59017 761392.1734 028814347 28.42017628
%2 11627 5150 033095 | 100344 | sags027552| 952187 |s15209] 1336 50622.66062 51581821 0.250012558 28.26602922
% 115,081 5200 03338 | Loosa |sassmarsoa|  oa0rsa  [swazsa|  swasa 50499.87358 74254.8063 0253221201 27.57697802
% 11353 5250 03313 | 1.00649 | 92.61504528 92.950 Sioa1s|  siens 50378.22673 734096.5398 0291727885 28.14139371
% 112160 5300 03324 | 100692 | 5150069926 518771 |s0993.14]  51083.6 S0268.81354 7255918109 0.253333566 2.00566872
% 110705 5350 03308 | 100678 | 2031129785 50.8487 _ [s0s9m.05|  s1017.6 50175.07026 717470.1069 0.252867018 28.10476707
o7 1092 5400 03388 | 1.0079 | s9.0027392 85,5893 S0831.2 50967 S0109.17452 709893.3246 0.259933885 27.41391969
% 107.685 sa50 03035 | 100804 | 87.00683956 | $9.035 _ [s0s13.49]  s0933.8 5005171755 703135.5045 0304266372 26.99763199
% 106267 5500 03285 | 100911 | 8663006815 88.3305 _|s0s7a77|  sosied Sows2.12741 697583.62 0308522259 26.60137719
100
101
102/ hd
Results | Graphs | < y

A
H L Type here to search NG a12/2019




image10.png
utosave GO B © Last Modified: 10m ago ~ Evan Morcom

File  Home Insert Pagelayout Formulas Data Review View Help & Share 0 Comments  ©
EE o caion v e General - B O BRP 8rsE iy O %
Copy ~ e
Paste - o o0 | Conditional Formatas Cell | Insert Delete Format Sort& Find& | Ideas
v <¥ Format Painter Iy~ Merge &Center ~ | E§~ % 9 % -8 Formatting v Table v Styles v v v & Clear v Filter v Select v

Clipboard ~ Font ~ Alignment ~ Number ~ Styles Cells Editing Ideas. Sensitivity ~
AF27 - v

A B c D E F G H 1 J K L M N o P Q R S T u v w X Y -
5
2 Graph 1 Graph 2
3
g ""‘:'ms""“" Rt Torque against Engine Speed ""‘:'ms""“" e (el Power against Engine Speed
6 1000 90.821 140 1000 10890.3 10.8903 60
7 1050 91.1319 1050 11067.7 11.0677
8 1100 91757 120 1100 11379.7 11.3797 ©
9 1150 92.6871 1150 11795.9 11.7959
10 1200 93.8814 100 1200 12293.5 12.2935
1 1250 95.2827 . 1250 12855 12.855 “
12 1300 96.8376 E 5 1300 1365.6 13.2656 3
13 1350 98.4768 K 1350 141125 14.1125 rE)
14 1400 100.104 g w0 1400 14788 14.784 H
15 1450 101611 = 1450 15469.3 15.4693 0
16 1500 102.922 40 1500 16159.8 16.1598
17 1550 104.028 1550 16849.4 16.8494
18 1600 104.942 2 1600 17534.3 17.5343 o
19 1650 105.686 1650 18213 18.213
20 1700 106.29 o 1700 18885.5 18.8855 o
21 750 106.793 0 1000 200 000 a0 00 00 1750 195532 15,5522 o 100 200 00 a0
22 1800 107.238 Engine Speed (Rpm) 1800 20218.7 20.2187 Engine Speed (RPM)
23 1850 107.664 1850 20884.8 20.8848
24 1900 108.138 1900 21554.4 21.5544
25 1950 1950 22228.8 22.2288
26 2000 2000 22908 22.908
27 2050 2050 23590.1 23.5901
28 2100 2100 24273.3 24.2733
29 2150 2150 24955.5 24.9555
30 2200 111.421 2200 25635.2 25.6352
31 2250 111.855 2250 26310.3 26.3103
32 2300 112.25 2300 26979.8 26.9798
33 2350 112.596 2350 27641.9 27.6419
34 2400 112.869 2400 28295.5 28.2955

[ Results | Graphs < >

1228
H L Type here to search S 7 2471272019




image11.png
utosave GO B © Last Modified: 12m ago ~ Evan Morcom

Fle Home Insert Pagelayout Formulas Data Review View Help & Share 1 Comments @)
L caion v e General B BB 8=RE 2y O 4
e © Tl ~
Paste = o o0 | Conditional Formatas Cell | Insert Delete Format Sort& Find& | Ideas
v <¥ Format Painter Iy~ Merge &Center ~ | E§~ % 9 % -8 Formatting v Table v Styles v v v & Clear v Filter v Select v
Clipboard [} Font [} Alignment [} Number [} Styles Cells Editing Ideas Sensitivity ~
AF27 - v
H 1 J K L M N o P Q R S T u v w X Y z AA AB AC AD AE AF -
]
2 Graph 2 Graph 3
3
2ue against Engine Speed ""‘:'ms""“" e (el Power against Engine Speed """:'m"'""" g
6 1000 10890.3 10.8903 60 1000 0.333096658| 035
7 1050 11067.7 11.0677 1050 0.325134263
8 1100 113797 113757 - 1100 | o.313775834] 03
9 1150 11795.9 11.7959 1150 0.293493266
10 1200 122535 12.2935 1200 | o.283785307] 02
1 1250 12855 12.855 “ 1250 0.284847205| _
b 500 Taaes Trasss 8 a0 [ oamessnt] | Z o
13 1350 141125 14.1125 3o 1350 0.257293768| 3
14 1400 14784 18788 H 1400 | 0.256030028] Sos
15 1450 15469.3 15.4693 o 1450 0247035051 e
16 1500 16159.8 16.1598 1500 0.246753408) 01
17 1550 16849.4 16.8494 1550 0.248380708|
18 1600 17534.3 17.5343 o 1600 0.245433129)| s
19 1650 18213 18.213 1650 0.243343413
20 1700 18885.5 18.8855 o 1700 0.237935728 o
21po0 3000 4000 5000 000 1750 19553.2 19.5532 o 1000 2000 3000 2000 5000 6000 1750 0.236946914] o
22 Engine Speed (Rpm) 1800 20218.7 20.2187 Engine Speed (RPM) 1800 0.243322823
23 1850 20884.8 20.8848 1850 0.246273437|
24 1900 21554.4 21.5544 1900 0.245643334
25 1950 222288 22.2288 1950 0.244439207|
26 2000 22908 22.908 2000 0.246877549|
27 2050 23590.1 23.5901 2050 0.243964566
28 2100 242733 24.2733 2100 0.242607211|
29 2150 24955.5 24.9555 2150 0.242059621
30 2200 25635.2 25.6352 2200 0.241394907|
31 2250 26310.3 26.3103 2250 0.240834703|
32 2300 26979.8 26.9798 2300 0.241261448|
33 2350 276419 27.6419 2350 0.243360348|
34 2400 28295.5 28.2955 2400 0.243821413
[ Results | Graphs < y

1231
H L Type here to search PIENG 1272019




image12.png
utosave GO B © Last Modified: 14m ago ~ Evan Morcom

File  Home Insert Pagelayout Formulas Data Review View Help & Share 1 Comments @)
EA @ Calibri v v B wrapText General - m w W & =X A= ZAUESm @ é? p ’
Dcopy ~ TIFill v
Paste . - . . o o0 | Conditional Formatas Cell | Insert Delete Format Sort& Find& | Ideas
v <¥ Format Painter BIU-[H-|&a et B %9 B8 Formatting v Table v Styles v v v & Clear v Filter v Select v

Clipboard 1 Font 1 Alignment 1 Number 1 Styles Cells Editing Ideas. Sensitivity ~
733 - v

R S T u v w X Y Z AA AB AC AD AE AF AG AH Al A AK AL AM AN AO AP AQ AR -
5
2 Graph 3
3
: Power against Engine Speed i I Chart Title
6 60 1000 0.333096658| 035
7 1050 0.325134263
8 - 1100 | o.313775834] 03
9 1150 0.293493266
10 1200 | o.283785307] 02
1 “ 1250 0.284847205| _
2 |z 00 [ oamstanr] | £ o
13 3o 1350 0.257293768| 3
| g 1400 | 0.256030028] Sons
15 o 1450 0247035051 e
16 1500 0.246753408) 01
17 1550 0.248380708|
18 o 1600 0.245433129)| s
19 1650 0.243343413
20 o 1700 0.237935723 o
21 o 100 200 00 a0 s000 a0 1750 | 0.236546914] o 1000 2000 00 2000 s00 a0
2 Engine Speed (RPM) 1800 0243322823 Engine Speed (RPM)
23 1850 0.246273437|
24 1900 0.245643334
25 1950 0.244439207|
26 2000 0.246877549|
27 2050 0.243964566
28 2100 0.242607211|
29 2150 0.242059621
30 2200 0.241394907|
31 2250 0.240834703|
32 2300 0.241261448|
33 1] 2350 0.243360348|
34 2400 0.243821413

[ Results | Graphs [ &) < v

1233
H L Type here to search PIENG 41272019




image1.png
Prifysgol Cymru
¥ Drindod Dew Sant

. University of Wales
Trinity Saint David





image2.jpeg




image3.jpeg




