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1. [bookmark: _Toc507079473]Introduction 
Engine mapping has developed with the rise of affordable computing and the advancement in user friendly software. For this assignment both production and aftermarket mapping process will be looked at. 
For this project data was compiled in Excel, which will then be explained and analysed. An engine map for a production style client will be developed, as well as a more performance orientated map. Data provided for a Ford Fox engine will also be looked at, with some calculations derived from this data.
Considerations taken into account when mapping will be discussed, as well as options for hardware.   
2. [bookmark: _Toc507079474]Fuel maps
Fuel map requirements differ greatly depending on the vehicle’s design parameters. Meeting the emissions limits is a major aspect of modern fuel mapping. Fuel economy is often another focus, although not always a priority. 
For this assignment a two maps were created. The first is a more typical map for a small, low to mid budget, high production car. The second is tailored more for a performance car, with a higher rev limit and with less concern for fuel use.
The fuelling map is used to adjust the mixture to achieve a desired Lambda or equivalence ratio. For this assignment a number aspects related to this fuel mapping will be discussed.  
[bookmark: _Toc507079475]2.1. Base map one 
The fuel map is segmented for delivery of a number of needs.
The yellow zone, low load at a lower RPM range, is the area focused on for the drive cycle, developed for acceptable emissions. For a production vehicle this range will be calculated in conjunction with the overall drive line gearing, meaning rpm is kept low with higher gearing. Gear changes at low RPM keep the loads low.
[image: ]The green zone is a lean running area, aimed at decreasing fuel use. This zone will be used for a typical commuting driving style, often on main roads. However this lean mix will affect the catalysts used, so is not the most efficient for meeting emissions targets.Table 1 - base map one, lambda targets.

The red zone is mapping for harder acceleration and higher speeds. Running a rich mixture will mean a higher likelihood of complete use of the limited air made available from the N/A engine configuration. Note the richer the mixture gets for high load/high RPM.
[image: ]The blue zone was included as this high RPM area may need the cooling effect created by a rich fuel mix. This is as the high RPM means the engine has less time for heat transfer away from the combustion chamber between cycles.        Table 2 - Base map one, Calculated equivalence ratio


This map may be too general for a manufacturer, as leaner figures may be used for a car more focused on emissions, while too conservative for a quicker saloon style car. Note a major manufacturer will also use a finer range of load sites and RPM points. The zones within the thicker boarders are not reached, and normally omitted from production maps.   
[bookmark: _Toc507079476]2.2. Start-up and cold running map 
[image: ]The base map will be automatically adjusted by a number of correction map, the most basic being the cold running and start-up map. This map will feed into the base when certain conditions are met. This is instance when the coolant temperature output is either too low or too high, or the vehicle is being started (cranking).   Table 3 - Coolant correction map


As can be seen, adjustment to the ignition and injection maps can be dependant of coolant temperature, while start-up enrichment is only applied during cranking and for a few seconds following.
[bookmark: _GoBack]The ignition timing during low temperature running is advanced, this is to allow greater compression of the mixture and thus more heat generation before spark ignition. At high temperatures the ignition is retarded to avoid auto-detonation due to high mixture temperature. 
The injection of more fuel (%) when cold is to aid in the atomisation of the fuel, while start-up enrichment is due to poor fuel mixture at cranking speed.  
3. [bookmark: _Toc507079477]Ignition mapping 
The ignition map details the time of spark ignition in relation to crank angle, defined by BTDC angle.
[bookmark: _Toc507079478]3.1 Ignition map one 
Again this map can be segmented into zones, much like the base map. The red zone is focused on maintaining the combustion at low RPM. The yellow zone generally increases to cope with deducing combustion times with the green zone decreases to reduce knock.    
Table 4 - Ignition map one
[image: ]

[bookmark: _Toc507079479]3.2 Ignition Map two
This ignition map is for a more performance orientated car. It has an increased RMP limit and a more aggressive range.   
Again this is a segmented style, but these areas can be less defined due to the want of being more aggressive across the range. The red zone is more focused on being an anti-stall area. This zone is larger due to a higher idle RPM. The addition of the blue zone is for very high RPM, requiring a more extreme ignition timing. An orange zone along the low load site will aid in declaration forces, often only in use when braking. 
Table 5 - Ignition map two
[image: ]


[bookmark: _Toc507079480]3.3 Base map twoTable 6 - base map two, target lambda

[image: ]The second base map is for a performance focused car. Differing needs from a ‘sports’ car will result in a more extreme map. For example the rich mixture reaches a 0.71 ratio, compared to the 0.85 of base map one. This is in a drive to maximise combustion, at the cost of fuel use, which is not a major concern now. This is still a road legal vehicle, hence the need for a drive cycle zone (yellow) and commuter zone (green), however these are at higher RPM ranges due to a shorter gear ratio use. This is being altered in modern vehicles by increasing the number of gears used, to maintain low RPM yet still have an aggressive ratio when needed.   
Note the inclusion of an orange zone. This is to produce a backfire effect in the exhaust under deceleration. While this does not improve performance, a production car still needs to sell, and part of the performance car ‘feel’ will be the sounds produced from the engine, not just the overall speed or efficiency.     Table 7 - Base map two, equivalence ratio

[image: ]
Most modern performance cars while have more than one ‘base’ map, perhaps having a road focused map that can then be toggled to a track focused map. 
A purely race focused car will not be as segmented as the maps used in this assignment, doing away with the drive cycle and fuel economy zones. They may also not have a cool running or start-up adjustment map due to being externally heated before start-up, with an external starter motor also used. 
[bookmark: _Toc507079481][image: ]3.4 Cycle beatingFigure 1- Effect of equivalence ratio on emissions


The need to create a cycle beating fuel map has lead to an aim of building an engine map to pass in a very particular range. By knowing the test parameters the car manufactures can produce an engine map that performs to the drive cycle required. However, outside this drive cycle the mapping can be free. The current system has thus drawn criticism for this circumnavigation of real world driving styles and emissions. A new system for 2018 aims at tackling this concern, creating a new challenge for the modern engineer.     


4. [bookmark: _Toc507079482] Catalysts
[image: ] A number of catalysts may be used on the modern production car. This is due to the need to eliminate a range of emissions. The focus for reduction of NOx, carbon monoxide (CO) and unburnt hydrocarbons (Hc) has lead to an increased focus on burning at stoichiometric, in particular during the drive cycles of the  New European Driving Cycle (NEDC) test.
High levels of Hc can be due to over fuelling or poor combustion, resulting in unburnt fuel passing through the combustion chamber. 
NOx is produced due to a good chemical conversion rate at stoichiometric, partially at higher temperatures. 
The use of a catalyst, in particular a three way conversion catalyst can aid the reduction of the NOx produced, as well as the CO and Hc released. The use of EGR also positively effects the levels of NOx and is being widely used by manufacturers. Figure 2 - three way converter efficacy 


5. [bookmark: _Toc507079483] Future emissions considerations. 
The future drive cycle requirements will produce a more realistic driving/real world testing requirement. This will result in a fuel map that is emissions orientated for the whole map, not just the drive cycle portion.   
Advances in internal combustion engine technology will likely aid in reacting to these new demands. The development of the Homogeneous Charge Compression Ignition (HCCI) engine, both in Formula 1 and Mazda should result in better combustion and increased efficiency. Another area for increased efficiency may be the development of the variable compression engine by Infiniti (Nissan). Both this, and a number of other developments, should safeguard the ICE for the near future demands. 
The use of hybrid engines will likely have a continuingly increased effect on engine mapping. Combining the electric components and the combustion engine will mean a new mapping system will be needed from the maps created for this assignment. Low RPM demand may be reduced as the electric motors take over, for example in slow speed inner-city driving. This could also be used in the drive cycle, as this will give a portion zero emissions. Possibility only running the engine to change the batteries may mean a map purely focused of running at maximum efficiency., Auto switch off during deceleration, in conjunction with energy recover during braking may remove portions of the map needed to be used. 
An increase in self driving cars may help optimise engine mapping usage, as more consistent and predicable demand is created. 

6. [bookmark: _Toc507079484]ECU mapping/remapping 
A number of non-homologation ECU mapping or re-mapping systems are used by a range of people.
In line adjuster – Units like a Power Commander, which takes the signal from the production ECU can adjusts the map, before sending the signal on. Aimed at weekend warriors or the occasional track day.
ECU flash – Woolich Racing style, creates a whole new map to replace the ECU map. Aimed at low budget, club-level racing. Has auto tuning features.
Replacement ECU - Emerald, Heltech – Aimed at self-build/kit car, or club to professional level racing.

7. [bookmark: _Toc507079485]GDI turbo engine
For this assignment the 1 litre Ford Fox engine was studied. 
There are a number of strategies for maintaining the hardware limits of the engine, while also taking into account the knock limits. Knock can occur then cylinder pressure is too great, and unwanted auto ignition can take place. Excessive heat in the chamber can also cause knock. Adjusting the point of ignition before pressure becomes excessive can reduce knock and maintain parameter within hardware limits. 
Water injection can be used to reduce the temperatures experienced within the combustion chamber to reduce the knock effect.   

[bookmark: _Toc507079486]7.1. Flame speed
Using the following formulas will result in a calculated flame speed (table ?);

Where, 

Table 8 - Flame speed
[image: ]
It can be seen how increased RPM will result in an increased flame speed. 
[image: ]
Figure 3 - Flame speed vs RPM
An increased load will increase the flame speed as the air/fuel mixture is more compactly arranged, allowing for easy combustion of the adjacent molecule. This is combined with the RPM increase, meaning constant RPM with increasing load will still increase the flame speed.   
7.2. [bookmark: _Toc507079487]Fuelling strategy for temperature control.
To reduce peak temperatures seen in the combustion chamber by fuelling, a richer mixture will be required. This will reduce the surface temperature due to evaporation, as well as increasing the mass. 
7.3. [bookmark: _Toc507079488]Brake Specific Fuel Consumption (BSFC)
 Using the graphs provided the  BSFC can be calculated. 
Given the air mass given, then the fuel mass can be calculated as; 



Resulting in the following table.
Table 9 - calculated BSFC and engine efficiency
[image: ]
[image: ]
Figure 4 - Engine efficency graph
Engine efficiency of between 22.82% and 26.69% would be a reasonable outcome for a low budget production car, but higher rates are needed for modern manufactures.  












8. [bookmark: _Toc507079489]Appendix
[image: ][image: ]
[image: ][image: ]
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RPM 1050 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

Air mass 40.9 200.1 287.2 317.2 373.4 407 445.4 377.2 482.6 389.4 493.6kg/h

BMEP 1000 2700 3000 3000 3000 3000 2800 2200 2400 1800 2000kpa

Lambda 1 1.18 1.09 1 1 0.95 0.94 1 0.92 1 0.93R/R

Fuel mass 2.78 11.54 17.92 21.58 25.40 29.14 32.23 25.66 35.68 26.49 36.11kg/h

Torque 79.58 214.86 238.73 238.73 238.73 238.73 222.82 175.07 190.99 143.24 159.15n.m

Power 8.75 33.75 50 62.5 75 87.5 93.33333 82.5 100 82.5 100Kw

BSFC 317.97862 341.8015 358.48468 345.2517 338.6848 333.0776 345.357 311.0287 356.8471 321.0884 361.0563

Engine efficency 25.73 23.94 22.82 23.70 24.16 24.56 23.69 26.31 22.93 25.48 22.66%
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BMEP RPM Air mass Lamda Fuel massTorque power BSFC Eng. Eff.

Kpa kg/h R/R kg/h n.m kw %

200 1000 9.6 0.99 0.66 15.92 1.67 396 20.67

400 1000 16.6 1 1.13 31.83 3.33 339 24.15

600 1000 23.3 1 1.59 47.75 5.00 317 25.81

1000 1050 40.9 1 2.78 79.58 8.75 318 25.73

1600 1200 86.4 1.22 4.82 127.32 16.00 301 27.17

1150 1200 50.7 1.01 3.41 91.51 11.50 297 27.55

2450 1400 170.1 1.2 9.64 194.96 28.58 337 24.25

2700 1500 200.1 1.18 11.54 214.86 33.75 342 23.94

3000 2000 287.3 1.09 17.93 238.73 50.00 359 22.82

3000 2500 317.2 1 21.58 238.73 62.50 345 23.70

3000 3000 373.4 1 25.40 238.73 75.00 339 24.16

3000 3500 407 0.95 29.14 238.73 87.50 333 24.56

2800 4000 445.4 0.94 32.23 222.82 93.33 345 23.69

2400 5000 482.6 0.92 35.68 190.99 100.00 357 22.93

2000 6000 493.6 0.93 36.11 159.15 100.00 361 22.66

1800 6000 438.9 0.98 30.47 143.24 90.00 339 24.17

1400 6000 334.9 1 22.78 111.41 70.00 325 25.14

1000 6000 248.6 1 16.91 79.58 50.00 338 24.19

600 6000 170.1 1 11.57 47.75 30.00 386 21.21

250 6000 91.3 1 6.21 19.89 12.50 497 16.47

250 5000 69.7 1 4.74 19.89 10.42 455 17.97

250 4000 52.2 1 3.55 19.89 8.33 426 19.20

250 3500 43.5 1 2.96 19.89 7.29 406 20.16

250 3000 37 1 2.52 19.89 6.25 403 20.32

250 2500 28.9 1 1.97 19.89 5.21 377 21.68

250 2000 21.7 1 1.48 19.89 4.17 354 23.09

250 1500 15.3 1 1.04 19.89 3.13 333 24.57

125 1500 10.6 1 0.72 9.95 1.56 461 17.73

400 1500 25.3 1 1.72 31.83 5.00 344 23.77

600 1500 35.5 1 2.41 47.75 7.50 322 25.41

750 1500 45.4 1 3.09 59.68 9.38 329 24.84

1000 1500 55.9 1 3.80 79.58 12.50 304 26.89

1400 1500 83.9 1.11 5.14 111.41 17.50 294 27.85

1750 1500 115.2 1.19 6.59 139.26 21.88 301 27.18

400 2000 34.9 1 2.37 31.83 6.67 356 22.97

600 2000 47.4 1 3.22 47.75 10.00 322 25.37

800 2000 60.3 1 4.10 63.66 13.33 308 26.59

1000 2000 74.3 1 5.05 79.58 16.67 303 26.98

1250 2000 89.8 1 6.11 99.47 20.83 293 27.90

1400 2000 111.6 1 7.59 111.41 23.33 325 25.15

1800 2000 153.6 1.13 9.25 143.24 30.00 308 26.54

2200 2000 193.5 1.11 11.86 175.07 36.67 323 25.30

2500 2000 231.2 1.1 14.30 198.94 41.67 343 23.84

400 2500 44.6 1 3.03 31.83 8.33 364 22.47

600 2500 60.3 1 4.10 47.75 12.50 328 24.93

800 2500 76.2 1 5.18 63.66 16.67 311 26.31

1000 2500 92.8 1 6.31 79.58 20.83 303 27.00

1250 2500 113 1 7.69 99.47 26.04 295 27.72

1400 2500 136.8 1 9.31 111.41 29.17 319 25.64

1800 2500 178.3 1.07 11.34 143.24 37.50 302 27.07

2500 2500 261.9 1 17.82 198.94 52.08 342 23.92

400 3000 55 1 3.74 31.83 10.00 374 21.87

600 3000 73.8 1 5.02 47.75 15.00 335 24.45

800 3000 92.2 1 6.27 63.66 20.00 314 26.09

1000 3000 112.2 1 7.63 79.58 25.00 305 26.80

1250 3000 135.2 1 9.20 99.47 31.25 294 27.80

1400 3000 158.4 1 10.78 111.41 35.00 308 26.58

1800 3000 201.8 1 13.73 143.24 45.00 305 26.82

2200 3000 255.6 1 17.39 175.07 55.00 316 25.88

2500 3000 296 1.01 19.94 198.94 62.50 319 25.65

600 3500 86.9 1 5.91 47.75 17.50 338 24.22

1000 3500 133.4 1 9.07 79.58 29.17 311 26.30

1400 3500 179.6 1 12.22 111.41 40.83 299 27.34

1800 3500 230.5 1 15.68 143.24 52.50 299 27.39

2500 3500 339.3 1 23.08 198.94 72.92 317 25.85

600 4000 101.8 1 6.93 47.75 20.00 346 23.63

1000 4000 153.4 1 10.44 79.58 33.33 313 26.13

1400 4000 205.6 1 13.99 111.41 46.67 300 27.30

1800 4000 262.8 1 17.88 143.24 60.00 298 27.46

2200 4000 326.1 1 22.18 175.07 73.33 303 27.05

2500 4000 377.3 1 25.67 198.94 83.33 308 26.56

600 4500 115.9 1 7.88 47.75 22.50 350 23.35

1400 4500 236.5 1 16.09 111.41 52.50 306 26.70

1600 4500 306.6 1 20.86 127.32 60.00 348 23.54

2200 4500 377.2 1 25.66 175.07 82.50 311 26.31

600 5000 132.9 1 9.04 47.75 25.00 362 22.62

1000 5000 198 1 13.47 79.58 41.67 323 25.31

1400 5000 264.9 1 18.02 111.41 58.33 309 26.49

1800 5000 351.1 1 23.88 143.24 75.00 318 25.69

2200 5000 432.8 0.98 30.04 175.07 91.67 328 24.96

600 5500 152.4 1 10.37 47.75 27.50 377 21.70

1400 5500 299.2 1 20.35 111.41 64.17 317 25.79

1800 5500 389.4 1 26.49 143.24 82.50 321 25.48
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image2.emf
500 750 1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 6000

1 1 1 1 1 1 1 1 1 1.10 1.10 1.10 1 0.99

2 1 1 1 1 1 1 1 1 1.10 1.10 1.10 1 0.99

3 1 1 1 1 1 1 1 1 1.10 1.10 1.10 1 0.99

4 0.99 0.99 1 1 1 1 1 1 1.10 1.10 1.10 1 0.99

5 0.99 0.98 0.99 1 1 1 1 1 1.10 1.10 1.10 1 0.99

6 0.99 0.98 0.98 0.99 1 1 1 1 1.10 1.10 1.10 1 0.99

7 0.99 0.98 0.97 0.98 0.99 1 1 1 1.10 1.10 1.10 0.99 0.99

8 0.99 0.97 0.96 0.97 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

9 0.99 0.97 0.95 0.96 0.97 0.97 0.97 0.97 0.96 0.97 0.97 0.97 0.97

10 0.99 0.97 0.95 0.95 0.96 0.96 0.95 0.95 0.94 0.95 0.95 0.95 0.94

11 0.99 0.97 0.95 0.94 0.95 0.94 0.94 0.94 0.92 0.93 0.94 0.93 0.92

12 0.99 0.97 0.95 0.94 0.94 0.93 0.93 0.92 0.90 0.91 0.92 0.91 0.90

13 0.99 0.97 0.95 0.94 0.93 0.92 0.92 0.91 0.88 0.90 0.91 0.90 0.88

14 0.99 0.97 0.95 0.93 0.92 0.91 0.90 0.89 0.87 0.87 0.89 0.87 0.86

15 0.99 0.97 0.95 0.93 0.91 0.90 0.89 0.87 0.86 0.85 0.86 0.85 0.83
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