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Abstract 
 

This diploma thesis deals with the analysis of frequent dysfunctions of diesel combustion engines 

and their impact on the formation of individual emission components. For different engine units the most 

common dysfunctions are found, and then are simulated by hardware or software modifications of the 

engine control systems. Emission analyzes that are conducted in the presence of dysfunctions are 

performed on the basis of the proposed emission test.  

 

Key words 
 

compression ignition engines, dysfunction, engine dysfunction simulation, engine exhaust 

emissions, ECU remapping, hardware and software analyses 

Abstrakt 
 

Tato diplomová práce se zabývá analýzou častých disfunkcí vznětových spalovacích motorů a jejich 

dopad na tvorbu jednotlivých emisních složek. Pro různé motorové jednotky jsou určeny nejčastější 

disfunkce, které jsou následně simulovány pomocí hardwarových nebo softwarových modifikací řídicích 

systémů motorů. Emisní analýzy během přítomnosti disfunkcí jsou realizovány na základě navrhnutého 

emisního testu.  
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disfunkce motorů, hardwarové a softwarové analýzy, přemapovaní řídící jednotky, simulace 
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Introduction 
 

 With the emission requirements getting stricter, engine management systems have to become 

more accurate and more complex in order to meet those requirements. Modern diesel engine 

management systems use many input signals from sensors, which are processed by the engine control 

unit. 

 By using these signals, the engine control unit can adapt the engine operation in order to limit 

production of harmful exhaust gases and particulate matter. By changing the setup of many actuators and 

systems that are a part of engine management system, engine operation can be optimized and therefore 

the fuel consumption can be lowered. 

 The trend of the development of diesel engines can be represented by many variables. Some of 

them can be seen on Graphs 1 and 2. As an example a very common vehicle was chosen, one that has been 

on the market for a few decades – a Volkswagen GOLF. These values can vary for this type of vehicle 

depending on many factors (type of engine, type of transmission, and many others).  

 

Graph 1 the trend in CO2 emissions and power output of diesel powered cars 
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Graph 1 the trend in fuel economy and CO2 production in turbocharged diesel engines 
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Graph 2 the trend in power output and specific power in modern vehicles 

 The demand for the fuel consumption, emission gases and particulate matter reduction comes 

from an increasing number of vehicles on the roads as seen on Graph 3. The drastically increasing numbers 

of vehicles on the road have a huge impact on the environment. Modern engine units are designed 

primarily in order to fulfill emission targets and the performance comes in second place.  

 

 In order to estimate emissions of air pollutants from vehicles, a united driving cycle had to be 

developed. Exhaust emissions of carbon monoxide (CO), oxides of nitrogen (NOx), particulate matter and 

hydrocarbons (HC) are monitored during this driving cycle. The volume of these exhaust emissions then 
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determines in which emission standard a certain powertrain setup belongs. Emission standards for M-

category vehicles with diesel engines are listed in Table 1. 

Table 1 Emission standards [10] 

M - category vehicles with diesel engines emission standards  categories 
 EURO 5  

Emission standard EURO 1 EURO 2 EURO 3 EURO 4 
EURO 

5a 
EURO 
5b/b+ 

EURO 6b/c 

Application date 1992 1996 2000 2005 2011 2014 

NOx [g/km] X X 0.5 0.25 0.18 0.18 0.08 

HC + NOx [g/km] 0.97 0.7 0.56 0.3 0.23 0.23 0.17 

CO [g/km] 2.72 1 0.64 0.5 0.5 0.5 0.5 

Particulate matter 
[mg/km] 

140 80 50 25 5 4.5 4.5 

A driving cycle consists of a fixed schedule of vehicle operation, which assures the reproducibility 

of emissions testing. The vehicle operation has to follow a prescribed cycle within stated tolerances. 

Emission levels vary depending on many parameters; therefore, different driving cycles had to be 

developed. As an example, a New European Driving Cycle (NEDC) is shown on Image 1. This test is part of 

European Union legislative cycles for light-duty vehicles. It consists of the urban driving cycle and the Extra-

urban driving cycle. The composition of this test simulates behavior of vehicle in urban areas and also in 

highway driving speeds.  [10]

Total duration of the cycle - 1180 s 

Total length of the cycle - 11007 m 

Average speed - 33.6 km/h 

Maximum speed - 120 km/h 

Drive time spent accelerating - 331 s 

Drive time spent decelerating - 241 s 

Number of accelerations - 16 

Number of stops - 14 

Average positive acceleration - 0.324 m/s2 

Average negative acceleration - 0.400 m/s2 

Extra - driving cycle 
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Composition of intake and exhaust components of diesel engines 
 

 

The composition of exhaust gases is essentially a result of what is burned during the process 

of combustion. There are many variables interfering with the fuel combustion process. Characteristics 

of fuel spray, injection pressure, injection nozzle design, and injection schedule are some of the main 

variables that affect the formation of emission gases and particulate matter. Other parameters can 

have high influence on emission gases and particulate matter formation, for example the 

characteristics of the supply, regulation of turbocharger, engine temperature, fuel temperature and 

many others. 

Figure 1 Composition of diesel fuel [11] edited by the author 
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Image 1 NEDC – New European driving cycle [10] 
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Other elements in diesel combustion engine emissions gases are Carbon monoxide (CO), 

Sulphur dioxide (SO2), Hydrocarbons (HC), Oxides of nitrogen (NOx) and particulate matter.  

Carbon dioxide CO2 

 This non-poisonous gas forms naturally by the combustion of hydrogen based fuels. Increase 

of carbon dioxide in the earth’s atmosphere leads to an increase in the volume of the greenhouse 

effect.  

Carbon monoxide CO 

Carbon monoxide forms during oxygen deficiency, resulting in an incomplete combustion of 

carbon based fuels. This gas is highly poisonous as it bonds itself to hemoglobin so that even small 

doses inhaled for a long period can be fatal.  

 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%

Nitrogen

Oxygen

Other elements

Nitrogen Oxygen Other elements

Composition of intake air 78% 21% 1%

Composition of intake air

0% 10% 20% 30% 40% 50% 60% 70% 80%

Nitrogen

Carbon dioxide

Water

Oxygen

Other elements

Nitrogen
Carbon
dioxide

Water Oxygen
Other

elements

Composition of exhaust gases 67% 12% 11% 10% 0.3%

Composition of exhaust gases

Figure 2 Composition of intake air [11] edited by the author 

Figure 3 Composition of exhaust gases [11] edited by the author 
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Hydrocarbons HC 

Hydrocarbons include a large spectrum of different compounds which also form during an 

incomplete combustion of fuel. A bad condition of the engine mechanical components (e.g. worn-out 

piston rings causing compression deficit) has a high impact on the formation of hydrocarbons.  

Exhaust gases can contain 3 types of hydrocarbons: 

1. saturated hydrocarbons – have slightly narcotic impact and irritate skin, 

2. unsaturated hydrocarbons – irritate skin and have impact on the ozone hole and smog 

formation, 

3. aromatic hydrocarbons – are highly poisonous, have narcotic impact and cause cancer.   

Sulphur dioxide SO2 

 Particles of Sulphur dioxide form during combustion of fuels, containing some amount of 

Sulphur. In combination with H2O, it forms acid rains that have a huge impact on the environment. 

Nitrogen oxides NOx (NO2, N2O, NO) 

 These are generated in presence of high pressure, high temperatures and excessive air 

combustion during the combustion process. Releasing of Nitrogen oxides to the atmosphere is 

prevented by EGR systems and SCR systems. Nitric oxide (NO) oxides to nitrogen oxide (NO2). NO2 

irritates the skin and the lungs and creates smog particles. 

Carbon soot particles (Particulate matter) 

 Carbon soot particles are formed through a variety of causes. One of them being a lack of 

oxygen in the combustion process. Rich mixture areas can form in a combustion chamber as a result 

of oxygen deficiency, effectively not allowing for the fuel present in these areas to be burned 

efficiently.  

The quantity of particles in exhaust gases is generally affected by the quality of the combustion 

process. The quality of combustion depends on fuel atomization, vaporization and dispersion into the 

combustion chamber.  

To limit formation of carbon soot particles, engine parameters can be optimized. Designing 

optimal flow of gases in the inlet and outlet ports, higher fuel injection pressures, or optimization of 

combustion chamber can improve creation of soot particles significantly. Diesel particulate filters have 

to be implemented in the powertrain system if the new emissions regulations are to be fulfilled. [11] 
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Strategies for emission reduction in diesel engines [11]: 

• emissions component performance monitoring (On Board Diagnostics), 

• treatment of exhaust gases before they are released into the atmosphere, 

• improvement and new technologies in engine management system. 

The composition of exhaust gases and particulate matter coming out of the combustion 

process can be affected in three ways. The first way of interfering with formation of exhaust elements 

is the formation and precision in air-fuel mixture creation, atomization of fuel while injecting into the 

cylinder, the general layout of fuel spray pattern, timing for injection period, beginning of injection and 

the character of entering air mass. The second way is, as mentioned before in reducing carbon soot 

particles, optimization of engine combustion chamber, air and exhaust gases flow and overall 

improvements of engine components precision. The third way is to treat exhaust gases after they exit 

the combustion chamber with a catalytic converter, particulate filter, EGR system, AdBlue injection 

system, SCR system and others.  

 

Most common engine units in Moravian-Silesian region 
 

 Based on a research done by Bc. Petr Belobrad in his master thesis, some of the most common 

engine units from different car brands in the Moravian-Silesian region were chosen to participate in 

the further research. 

 It is necessary to mention that the engine data applies to the particular brand and type of 

vehicle. Values of emission gases may vary depending on the vehicle into which the engine is fitted. 

For further research, most common faults of the whole engine unit and the management 

system had to be determined. The most common faults were found by searching through user 

experience articles and by collecting data from car service professionals. 

Dysfunction realization analysis 
 

To determine which of the most common faults will be the subject of further research, a logic 

flowchart had to be developed. By following this flowchart and combining it with a carefully designed 

emission test, it was possible to determine the impact of a specific engine management dysfunction in 

consideration of emissions formation. An engines condition has to be taken into consideration in 

making any conclusions about excessive emission formation. 
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The condition of engine can be determined by checking the Malfunction Indicator Lamp, 

which, if triggered, indicates that the On Board Diagnostic program has detected an emission related 

problem.  

A Readiness code can be an indication of the engines overall status. It consists of 8 bits, each 

bit representing the status of a monitored system that has an impact on emissions formation. A bit will 

have one of two logic values: 0-Pass or logic 1-Fail. 

All of the essential parts of a turbocharged diesel engine (injectors, turbocharger) have to be 

tested in order to determine their impact on excessive emission formation. These systems are 

monitored constantly by OBDII system.  

A visual inspection and control for fluid leaks could determine a fault that would mispresent 

further emission tests. For example an excessive engine oil consumption could lead to higher 

hydrocarbons emission values, therefore it can be interfering with the objective results. 

On-Board Diagnostic System II and European On-Board Diagnostic System 

 These systems are designed to reduce harmful gases produced by combustion engines by 

monitoring the functions of components that have direct or indirect impact on the creation of those 

gases. If the EOBD system detects a fault that could cause emission gases to exceed given threshold 

values, the driver is notified. This fault is stored as a Diagnostic Trouble Code and is stored in the 

memory. A car that has a diagnostic trouble code stored in the memory cannot legally pass an official 

emission test.  

Tab. 2 EOBD Threshold values [11] 

EOBD Threshold values 

Monitored item  CO[g/km] HC[g/km] NOx[g/km] PM[g/km] 

EOBD Thresholds for EURO3-4 3.2 0.4 1.2 0.18 

EOBD Thresholds for EURO5 1.9 0.32 0.54 0.05 

EOBD Thresholds for EURO6 1.75 0.29 0.18 0.025 
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Dysfunction realization analysis flowchart  

Emission test 

Visual inspection and control 
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Figure 4 Dysfunction realization flowchart 
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The emission test 
 

 The most important criteria in designing the emission test for evaluation of different engine 

management dysfunctions are test repeatability and the possibility of comparison between different 

engine units. An engine unit is rarely used in static conditions. Because of the inability of determination of 

the volume of emission compounds during dynamic tests, a static testing method had to be designed.   

 

By determining the most used range of the engine unit, a variety of static conditions can by 

simulated as a substitute for dynamic testing. The static emission method is conducted as follows.  

1. Measurement of maximum torque [Nm] and power [kW] of the engine unit 

2. Calculation of 80% of maximum power at wheels [kW] and establishment of engine speed 

[rpm] at which the 80% of maximum engine power occurs – rpm high 

3. Calculation of 60% of maximum power at wheels [kW] and establishment of engine speed 

[rpm] at which the 60% of maximum engine power occurs- rpm low 

4. Calculation of measuring engine speeds (A, B, C) according to equation 1, 2 and 3. 

5. Execution of emission test at specified engine speeds [rpm] and loads [%] 

 

 

Maximum Power 

80 % of Maximum Power 

60 % of Maximum Power 

P at wheel [kW] 
P loses [kW] 
P corrected [kW] 

Torque [Nm] 

Image 2 Representation of the measured range 
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𝐴 = 𝑟𝑝𝑚𝑙𝑜𝑤 + 0.25 ∗ (𝑟𝑝𝑚ℎ𝑖𝑔ℎ − 𝑟𝑝𝑚𝑙𝑜𝑤)    (1) 

𝐵 = 𝑟𝑝𝑚𝑙𝑜𝑤 + 0.5 ∗ (𝑟𝑝𝑚ℎ𝑖𝑔ℎ − 𝑟𝑝𝑚𝑙𝑜𝑤)    (2) 

𝐶 = 𝑟𝑝𝑚𝑙𝑜𝑤 + 0.75 ∗ (𝑟𝑝𝑚ℎ𝑖𝑔ℎ − 𝑟𝑝𝑚𝑙𝑜𝑤)    (3) 

 Different engine loads are tested at the calculated engine speeds in order to analyze behavior of 

the unit in different conditions with respect to emissions compounds formation. Additional measuring 

conditions can be added in the order of persecution of a certain emission component.  

 Before the execution of any engine management dysfunction an emission baseline has to be 

established for every measured engine unit. The difference between the formation of emission 

components between the engine unit with and without dysfunction will be represented as a growth of the 

certain emission compound with respect to the engine speed and load at given engine speed. 

 Every harmful emission compound has its own specific conditions of creation, so every 

measurable emission compound has to be monitored separately.  

A     B      C 

100% at C rpm 

 
100% at B rpm 

  
100% at A rpm 

  75% at C rpm 

  
75% at C rpm 

  
75% at C rpm 

  
50 % at C rpm 

  
50% at C rpm 

  
50% at C rpm 

  

Torque [Nm] 
P at wheel [kW] 
P loses [kW] 
P corrected [kW] 

Image 3 Representation of measured points within a specified range 
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The accuracy class of used emission tester has to be established and the measuring mistake has 

to be counted in the results.  

 

Table 3 Rated operating conditions [12] 

INTERNATIONAL NORM OIML R 99-0 

RATED OPERATING CONDITIONS 

1 AMBIENT TEMPERATURE 5 °C to 40 °C 

2 RELATIVE HUMIDITY up to 85 % 

3 ATMOSPHERIC PRESSURE 860 hPa to 1060 hPa 

4 MAINS VOLTAGE 15 % to +10 % of nominal 

5 MAINS FREQUENCY ±2 % of the nominal frequency 

6 BATTERY VOLTAGE (CAR) 9 -16 V 

 

Table 4 Measuring errors for BEA050 and RTM430 [12] 

CLASS Type of error CO CO2 O2 HC NOx PM 

0 
Absolute ± 0.03 % vol. ± 0.5 % vol. ± 0.1 % vol. 

± 10 ppm 
vol. 

± 25 ppm ± 0.032 m-1 

Relative ± 5 % ± 5 % ± 5 % ± 5 % ± 5 % ± 5 % 

 

The emissions tester BOSCH BEA050 with opacimeter BOSCH RTM430 belongs into the OIML R99-

0 class of accuracy. Results from such tester are valid under operating conditions listed in Table 3. The 

measuring errors of each measured emission component are listed in Table 4. The greater of the 2 types 

of error is counted in each of the results for each test point.  

Graph 4 Change in emission compound volume throughout the basic measured range 
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Hardware and software dysfunctions of engine management systems 
 

ATD engine (VW concern) 
Table 5 ATD engine parameters 

 

This is the 8th most common engine unit from the VW concern in the Moravian-Silesian region. 

Most common faults:  

 faulty turbocharger, 

 faulty EGR regulation and leakage of gases through the EGR valve body, 

 camshaft fuel pressurizing element wears down causing low fuel injection pressure. 

Engine ATD, 1.9 TDI, 74 kW, Octavia, combi, manual, 4*4 

EMISSION STANDARD EURO 3 EGR YES 

SMOKE ABSORPTION VALUE <0.7 (m-1) CATALYTIC CONVERTER YES 

CO2 AVERAGE 167-170 (g/km) TURBOCHARGED YES 

CO 0.091 (g/km) INTERCOOLER YES 

HC x LAMBDA REGULATION NO 

NOx 0.412 (g/km) DPF/FAP NO 

HC NOx 0.432 (g/km) Engine displacement (cm3) 1896 

PARTICLES 0.037 (g/km) Power output (kW/rpm) 74/4000 

INJECTION SYSTEM Unit injector Torque (Nm/rpm) 240/1800 

Image 4 ATD engine unit in Skoda OCTAVIA on the testing dynamometer MAHA LPS 3000 
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Following the logic flowchart shown on Figure 4, dysfunctions were selected to be inspected by an 

emission test. The basic engine condition check shown on Figure 4 was executed before any emissions 

testing was performed. The engine unit showed basic signs of wear due to the higher mileage (253 000km) 

but no abnormalities that could have an impact on higher emission compounds formation were found. 

POWERMANAGEMENT ANALYSIS 

This engine is managed by BOSCH EDC 15P engine control unit. It is equipped with a proportional 

control valve for the EGR system, proportional control valve for the geometry of the turbocharger, and a 

Unit Injector System. 

BOOST CONTROL SYSTEM  

 

 The maximum absolute boost pressure of this system in the serial configuration is 1.95 bar 

according to the requested boost pressure shown on image 6. The boost pressure (mbar) is regulated 

according to the engine speed (min-1) and the injected fuel quantity (mg/stroke). There are several 

corrections that are present in the form of correction maps for the value of the absolute boost pressure.  

ECU 

MAF 

ENGINE 

Oxidizing catalytic 

converter Silencer 

1 2 

3 

1 Mass airflow pressure and temperature sensor 

before turbocharger 2 Intercooler 

3 Turbocharger 

AIR FILTER AIR  

EXHAUST 

GASES 

Turbocharger vacuum control 

Values from other sensors for adaptations 

4 

4 EGR valve channel 

EGR valve 

EGR valve control 

Image 5 ATD boost control system 
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The Single Value Boost Limiter is equal to 2.35 bar of absolute pressure for this particular engine 

unit. If exceeded, the engine management is set to limp home mode in order to not damage the boost 

system and the engine unit. 

 

Image 6 Requested boost pressure 

 

Image 7 Boost limiter map according to the atmospheric pressure 

 

 The Boost limit map shown on image 7 is used to correct values of absolute boost pressure (mbar) 

according to the current atmospheric pressure (mbar) and the engine speed (min-1). The atmospheric 

pressure (mbar) value is measured by the pressure sensor integrated directly in the ECU. This map is also 

known as the altitude correction map.  
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EGR CONTROL SYSTEM 

As mentioned before, this particular type of engine is equipped with a proportional control valve 

for the EGR system, which releases exhaust gases back to the air intake.  

The EGR system is used to reduce NOx emissions in the exhaust gases. The growth of NOx 

emissions is caused by high temperatures of combustion mixture in combustion chamber. Using a 

controlled valve in the intake tract of the engine, part of the exhaust gases are brought back to the intake 

manifold of the engine, which in turn reduces the combustion temperature. This phenomenon occurs 

because of the relatively high ability of the exhaust gases to absorb heat and also by reducing the 

proportion of oxygen in the intake air. The exhaust gases behave in this case as inert gases. Inputted 

amount of exhaust gas can be indirectly changed by changing the controlling signal that controls the 

proportional vacuum valve.  

The addition of exhaust gases to the air supply can degrade drivability by causing combustion 

effectiveness, especially at idle or low engine speeds and with a cold engine. Typically the engine coolant 

temperature threshold is required before EGR is activated. Under acceleration and at idle the EGR is not 

activated. Generally, the EGR system is used within the range of partial engine load. 

Increasing the proportion of exhaust gases above a certain threshold leads to incomplete 

combustion of fuel and therefore increased presence of hydrocarbons (HC) and carbon monoxide (CO) in 

the exhaust gases. [5] 

ECU 

ENGINE 

MAP 

EGR 

VALVE 

Air supply  

Exhaust gases 

EGR Loop 

EGR vacuum control  

Engine Load 

Engine Speed 

 Input data from other sensors 

Image 8 EGR control loop 
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 The amount of exhaust gases that are brought back to the combustion process through the EGR 

valve is measured indirectly as a difference between the theoretical value of air mass and the measured 

value at the mass airflow sensor. The higher the difference between these two values, the higher the 

amount of exhaust gases brought back into the air intake. [4] The duty cycle of controlling signal of the 

EGR vacuum valve is preprogrammed in the field of constant values shown on image 9 and in this case is 

dependent on the engine speed and signal from MAF sensor.  

   

  

Image 9 EGR Map ATD engine unit 
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INJECTION SYSTEM 

 

 The ATD engine unit is equipped with PD injection system, in which the main injection pressure is 

achieved by the rotation of camshaft which presses onto the pump piston and as a result pressurizes the 

fuel that is injected directly into the combustion chamber through the injector nozzle. The amount of 

injected fuel is controlled by the high pressure solenoid valve, as well as the precise timing of fuel injection.  

 The injection system is the most important system in the engine management system. The fuel 

has to be injected into the combustion chamber at the correct quantity, with the right timing and at a right 

pressure in order to form a good air/fuel mixture. Even minimal abnormalities in this system lead to higher 

levels of emission compounds or a bad fuel economy.  

 The fuel injection in PD injection system, which is controlled by electromagnetic valves, is 

separated into two sections: 

 

Control signal from the ECU 

Electromagnetic valve 

Pressure pump piston 

Camshaft 

Injector nozzle 

Image 10 Schematic of PD injection system 
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1. pre – injection cycle, 

2. main injection cycle.  

Before the main combustion process a small amount of fuel is injected into the cylinder in order 

to raise the temperature and pressure in the combustion chamber. The purpose of the pre-injection cycle 

is to make the combustion process smoother, speed up the ignition of the main injection fuel amount and 

to lower the emissions of nitrogen oxides.  

 The main injection cycle has to atomize the injected fuel efficiently enough so that it can mix with 

the compressed air efficiently, thus forming a mixture that can be combusted completely. Complete 

combustion leads to lower emissions of hydrocarbons, carbon monoxide and particulate matter. 

 The end of the injection cycle is also important in order to decrease pollutants emissions. By 

closing the injector needle quickly, it can be assured that fuel at low pressure entering the combustion 

process is reduced to minimal volume.  

 

The injected fuel amount is set to the ECU by the request of the driver by monitoring the signal 

from the accelerator pedal and the engine speed. 

Injection 

pressure (bar) 

Time (ms) 

Pre-injection Main injection 

Image 11 Injection cycle [4] 

Image 12 Injected fuel amount (mg/stroke) 
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There are several corrections that change the injected fuel amount according to prescribed limits. 

 

Injection duration is the period of time during which fuel enters the combustion chamber through 

the injector. It is essentially the difference between the Start of injection (SOI) and End of injection (EOI) 

and is expressed in degrees, which are related to the rotational movement of crankshaft. It is closely 

related to the injected fuel amount and to several temperatures, pressure and other engine parameters 

corrections. The injection duration map is stored in the ECU memory several times and the values from 

correct map are selected with respect to the value of the injected fuel amount.  

The SOI value for any given engine condition is related to engine speed, injected fuel amount, the 

engine temperature correction, ambient barometric pressure and others. It is usually expressed degrees 

with respect to the rotational movement of crankshaft. It is very important engine management parameter 

since it has a significant impact on the emission compounds formation, fuel consumption, power output, 

and the engine noise. 

  

Image 13 Injection duration basic map 
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BEGINNING OF INJECTION PERIOD (BIP) 

 Monitoring the current curves of the injector solenoid valves serves as a feedback to the ECU for 

detecting the properties of operation of solenoid valves. The main purpose of monitoring the current 

curves is determining the point at which the injector valve is fully closed. From this point the real injection 

period starts. [4] 

SMOKE LIMITER 

 The purpose of this regulation is to correct the injected fuel amount so that the smoke limit for 

the engine is not exceeded. The key signals for the smoke limiter regulation are the engine speed and the 

signal from the mass airflow sensor.  

 
Image 15 Smoke limiter injected amount values upper limits 

Image 14 Characteristic curve of monitored current in the solenoid [4] 
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TORQUE LIMITER 

 The main purpose of the torque limiter map is to limit the torque produced by the engine by 

limiting the amount of injected fuel into the combustion chamber. It reduces the strain on the engine in 

both high and low engine speeds. This particular map allows most fuel to be injected in the range of 1500 

– 2500 rpm. The fuel amount is fixed to the current air pressure, so the maximum engine torque is lowered 

because of the difference in ambient air pressure. This means essentially lowering the load on various key 

engine components, especially the turbocharger.  

Image 16 Injected fuel amounts upper limits 
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ATD engine ECU remap 
 

A non-conventional dysfunction was chosen to be executed specifically on this type of engine unit 

– ECU remap. By performing engine unit software modifications, engine power was increased.  

 

Hardware modifications can be executed in order to gain additional power output from the engine 

unit, most common being just software modifications. 

 This dysfunction was performed by changing values that are stored in the FLASH memory of the 

ECU. This memory can be electrically erased and transformed using specialized equipment.  

Torque [Nm] 

P at wheel [kW] 
P loses [kW] 
P corrected [kW] 

Speed (km/h) 

Maximum power output 85 kW at 3915 rpm 

Maximum original power output 75 kW at 4065 rpm 

Maximum torque output 308 Nm at 1750 rpm 

Maximum original torque output 252 Nm at 1720 rpm 

Image 17 Power and torque measurements ATD engine 
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Corrections were made to the field of constant values to increase the fuel amount entering 

the engine during the main injection cycle (image 19) and the required boost pressure was edited 

(image 18).  

Other corrections to values of requested absolute intake manifold pressure and injected fuel 

quantity had to be performed to the field constant values in order to increase the power production.  

All of these values had to be modified to suit new requested values for injected fuel volume 

and the raised boost pressure.  

Additional corrected values include values for: 

 smoke limiter, 

 boost limiter, 

 torque limiter, 

 injection duration.  

Image 18 Edited required boost (mbar) 

Image 19 Edited injected fuel volume (mg/stroke) 

Edited maximum requested absolute intake 

manifold pressure according to engine 

speed and injected fuel volume (mbar) 

Edited maximum requested injected fuel 

volume according to engine speed and 

accelerator pedal position (mg/stroke) 
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 The key principal of the ECU remap of turbocharged compression ignition engines is basically 

supplying more fuel quantity and additional pressurized air to the process of combustion and therefore 

increasing the effective power of the engine unit.  

 The effective power can be calculated as using formula [14]: 

𝑃𝑒 = 𝑖 ∗  𝑉𝑐 ∗ 𝑝𝑒𝐶 ∗
𝑛

𝜏
    (1) 

where: 

 Pe[kW]  effective power, 

 i [-]   number of cylinders of the engine unit, 

 Vc[dm3]  displacement of one cylinder, 

 peC[Pa]  mean effective pressure on the piston, 

 n[min-1]  engine speed, 

 τ[-]   number of engine cycles. 

The displacement of the engine unit is represented by [13]: 

𝑉𝑎 = 𝑉𝑐 ∗ 𝑖      (2) 

where: 

 Va[dm3]  displacement of an engine. 

As shown distinctly from formula 1, the effective engine power can be increased by increasing 

the mean effective pressure on the piston. The mean effective pressure can be increased by 

introducing more fuel to the combustion process. To effectively burn the enlarged amount of fuel, 

larger quantity of air mass has to be supplied to the combustion process [13][15].   

The mean effective pressure is represented by [15]: 

𝑝𝑒𝐶 =
𝐶𝑉

𝜆𝑟∗𝜎𝑡
∗  𝜎𝑖𝑛 ∗ ɳ𝑣𝑜𝑙 ∗ ɳ𝑖 ∗ ɳ𝑚    (3) 

where: 

 CV[J*kg-1] calorific value of fuel, 

 λr[-]   combustion coefficient air ratio, 

 σt[-]   theoretical air/fuel mixing ratio, 

 ɳvol[-]  volumetric efficiency, 

 σin[kg*m-3] density of intake air, 

 ɳi[-]   indicated engine efficiency, 

 ɳm[-]   mechanical engine efficiency. 
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ATD engine ECU remap emission test 
 

Table 6 NOX values for ECU remap dysfunction  

NOx emissions 
[ppm]  

Before dysfunction   After dysfunction 

LOAD 

Engine speed[rpm] 50% 75% 100%   50% 75% 100% 

1879 179±25 375±25 1895±94.75   99±25 362±25 1734±86.7 

2053 169±25 369±25 1662±83.1   145±25 407±25 1648±82.4 

2226 166±25 315±25 1688±84.4   177±25 400±25 1814±90.7 
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Table 7 light absorption coefficient values for ECU remap dysfunction 

Absorption 
coefficient [m-1]  

Before dysfunction   After dysfunction 

LOAD 

Engine speed[rpm] 50% 75% 100%   50% 75% 100% 

1879 0.23±0.032 0.07±0.032 0.16±0.032   0.23±0.032 0.07±0.032 0.31±0.032 

2053 0.16±0.032 0.12±0.032 0.09±0.032   0.16±0.032 0.11±0.032 0.25±0.032 

2226 0.14±0.032 0.12±0.032 0.13±0.032   0.18±0.032 0.12±0.032 0.27±0.032 

 

Summary of the dysfunction 
 

 The change in values in hydrocarbons (HC) and carbon monoxide (CO) were so insignificant 

that they fit in the overall error of the emission measuring system.  A slight difference of values of NOx 

at 50% and 75% load before and after dysfunction is present due to counting in the measurement 

errors. NOx values rise at 100% load is present due to a slight changes in air/fuel composition at this 

engine running condition, leading to different temperatures in the combustion chamber at which these 

particles form differently.  

 A significant change in light absorption coefficient values can be observed at the full load of 

the engine unit throughout the whole engine speed range. Considerable fuel amount was added at the 

stage where the engine is at full load.  

The formation of carbon soot particles can be affected by many variables. The main reason is 

lack of oxygen in the combustion process, leading to inefficient burning of the injected fuel. Another 

large factor that leads to excessive formation of soot particles is the atomization of injected fuel, which 

could have not been sufficient enough due to the characteristics of installed fuel injectors.  
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ATD engine hardware dysfunction of EGR valve 

 

 By unplugging the vacuum control line from the valve, the ECU is not able to control the 

proportion of exhaust gases entering the combustion chamber, resulting in 0% recirculated exhaust 

gases throughout the whole operating range of the engine unit. 

 

ATD engine hardware dysfunction of EGR valve emission test 

 
Table 8 NOx values for EGR dysfunction 

 

NOx emissions [ppm]  
Before dysfunction   After dysfunction 

LOAD 

Engine speed[rpm] 50% 75% 100%   50% 75% 100% 

1879 179±25 375±25 1895±94.75   462±25 1475±73.75 1910±95.5 

2053 169±25 369±25 1662±83.1   394±25 1191±59.55 1721±86.05 

2226 166±25 315±25 1688±84.4   384±25 1128±56.4 1696±84.8 

COMPRESSED AIR 

EXHAUST GASES 

EGR VALVE CONTROL DISCONNECED 

Image 20 EGR valve control disconnected 
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 Table 9 Light absorption coefficient values for EGR dysfunction 
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Graph 8 ATD light absorption coefficient change 

Graph 7 ATD NOx change 

50% 75% 100% 50% 75% 100%

0.23±0.032 0.07±0.032 0.16±0.032 0.06±0.032 0.07±0.032 0.14±0.032

0.16±0.032 0.12±0.032 0.09±0.032 0.08±0.032 0.09±0.032 0.11±0.032

0.14±0.032 0.12±0.032 0.13±0.032 0.05±0.032 0.03±0.032 0.14±0.032
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Table 10 O2 values for EGR dysfunction 

 

  𝐶𝑂 +  
1

2
𝑂2 = 𝐶𝑂2           (4)[16] 

𝐻4𝐶2 + 3 ∗ 𝑂2 = 2𝐶𝑂2 + 2𝐻2𝑂       (5)[16] 

     𝐶𝑂 + 𝑁𝑂𝑥 = 𝐶𝑂2 + 𝑁2     (6)[16] 

Measured values for hydrocarbons (HC) and carbon monoxide (CO) were due to the fact that 

the measured unit is equipped with a catalytic converter neglected. Values for HC and CO and their 

difference in values before and after dysfunction were located within the margin of error of used 

emission analyzer.  
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Graph 9 ATD O2 emissions change 

50% 75% 100% 50% 75% 100%

11.66±0.583 9.73±0.487 6.11±0.306 13.61±0.681 10.4±0.52 5.63±0.282

11.65±0.582 9.62±0.481 6.8±0.34 13.77±0.689 10.92±0.546 6.8±0.34

12.19±0.609 9.46±0.473 6.9±0.345 14.05±0.703 10.57±0.523 6.78±0.339

O2 emissions [%]
Before dysfunction After dysfunction

LOAD

Engine speed[rpm]

1879

2053

2226
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Summary of the dysfunction 

 The increase of NOx is noticeable, especially at the calculated engine load of 75% throughout 

the whole measured engine speed range. A slight increase is visible at the load of 50%, again at all 

measured engine speed values. At the maximum load, the difference between values before and after 

dysfunction is caused by counting in the measuring error of the emission testing device. If the 

measuring error would be omitted, values at 100% load should be the same. Slight uncertainties 

between those values are caused by other measuring errors caused by human error or others. In 

contrast to these values, oxygen emissions values show an increase throughout the partial load 

measuring points at all measured speeds. Again, the uncertainty between values at full load is caused 

by counting in the worst possible measuring error of the emission analyzer.  

 The decrease of light absorption coefficient can be blamed on the increased proportion of 

oxygen in the combustion due to the incapability of EGR valve to feed the air flowing to the combustion 

chamber with exhaust gases. Fuel entering the combustion process can be burned more effectively, 

causing less particulate matter to be formed. 

  

Image 21 conversion of exhaust compounds in a three-way catalytic converter [16] 

HC, CO, NOx H2O, CO2, N2 
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ATD Software simulation of faulty boost system 
 

By the simulation of this engine management dysfunction, lack of air pressure was simulated. 

A faulty behavior of the boost system was simulated by engine unit software modifications. By the 

faulty behavior of the boost system we understand the inability of the system to supply the requested 

air pressure by the ECU.  

 The simulation of was performed by ECU software modifications rather than executing 

excessive hardware modifications. The inability of the boost system to supply the requested boost 

(mbar) was simulated by changing the requested boost pressure as shown on Image 22.  These values 

are stored in the FLASH memory of the ECU.  

 The values for the air mass sensor had to be corrected in order to maintain the injected fuel 

value because of the artificially lowered boost pressure. The air mass flowing during a constant relative 

pressure of the turbocharging system at 0.5 bar was measured and then the map for requested values 

was modified to correspond to the requested value of the ECU in relation to engine speed and injected 

fuel quantity.  

 

Image 6 ATD turbocharger system 

Maximum requested 

absolute pressure (mbar) 

Image 22 Requested boost amount by the ECU (mbar) 
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ATD software simulation of faulty boost system emission test  
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Graph 10 ATD absorption coefficient change 

17

20

14

19

20

33

30

35

20

1800

1850

1900

1950

2000

2050

2100

2150

2200

2250

2300

0 20 40 60 80 100 120

En
gi

n
e 

sp
ee

d
 [

rp
m

]

Engine load [%]

Change in HC value [ppm]

Graph 11 HC value change 

50% 75% 100% 50% 75% 100%
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Table 12 HC values for boost system dysfunction 

 

Table 13 NOx values for boost system dysfunction 
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Graph 12 Change in NOx values 

50% 75% 100% 50% 75% 100%

179±25 375±25 1895±94.75 126±25 1515±75.75 1281±64.05

169±25 369±25 1662±83.1 283±25 1158±57.9 1401±70.05

166±25 315±25 1688±84.4 327±25 1165±58.25 1441±72.05

NOx emissions 

[ppm] 

Before dysfunction After dysfunction

LOAD

Engine speed[rpm]

1879

2053

2226

50% 75% 100% 50% 75% 100%

0±0.03 0±0.03 0.01±0.03 0.049±0.03 0.006±0.03 0.075±0.03

0.002±0.03 0±0.03 0±0.03 0.003±0.03 0.002±0.03 0.2±0.03

0.002±0.03 0.002±0.03 0.005±0.03 0.002±0.03 0.002±0.03 0.2±0.032226

CO emissions             

[% vol.]

Before dysfunction After dysfunction

LOAD

Engine speed[rpm]

1879

2053

Table 14 CO values for boost system dysfunction 

50% 75% 100% 50% 75% 100%

7±10 9±10 11±10 10±10 4±10 23±10

3±10 7±10 10±10 7±10 9±10 20±10

4±10 3±10 4±10 10±10 10±10 25±10

2053

2226

HC emissions [ppm]
Before dysfunction After dysfunction

LOAD

Engine speed[rpm]

1879
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Summary of the dysfunction 

 This dysfunction is an extreme simulation of the boost system fault. Without the ECU software 

modifications, the control unit would recognize the difference between the requested value of 

pressure and the actual value, which is regulated through the vacuum proportional valve. The 

difference in these values would be recognized and stored as an emission related trouble code and the 

engine management would go into the so called limp home mode. This demonstration of the 

dysfunction therefore represents an extreme situation, in which the engine management system could 

be for a short period of time.  

 The increase in light absorption coefficient in the full load mode was measured, which is 

caused by the oxygen deficiency in the air/fuel mixture entering the combustion process. During the 

engine load of 75% and 50% the light absorption coefficient remained the same and the difference in 

values is caused by counting in the measuring value of the emission testing equipment.  

 The rise in hydrocarbons (HC) values and (CO) is also caused by oxygen deficiency. Because of 

the presence of a catalytic converter in the exhaust system, the measured values of these emissions 

were still relatively low.  

 Although the boost system is a fairly complicated structure, the common faults are easily 

measurable and detectable and if not solved, could have an impact on the environment with respect 

to number of vehicles that could potentially be present on roads with boost system dysfunction. 
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ATD software simulation of faulty turbocharger regulation 
 

 Faulty regulation of a turbocharger can be caused by several causes. One of the most common 

ones is an excessive amount of soot concentration on the turbocharger variable geometry elements 

and their surrounding mechanism. This forms an obstruction which limits the actuation response of 

the variable geometry. 

 This simulations purpose is to determine the cause of creating a mixture where excessive 

amount of air is present by changing the values stored in the FLASH memory of the ECU. The changed 

areas of the memory are highlighted on images 23 and 24. A 10 % increase was made to the boost 

limiter in the area of the map from which the engine management is reading the values during the 

emission testing. The values of requested boost were raised by 0.118 bar in the highlighted section of 

map. 

Image 23 Boost limit raised by 10% 

Image 24 Requested boost raised by 118 mbar 

Boost limiter (mbar) 

Maximum requested 

absolute pressure (mbar) 
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ATD faulty turbocharger regulation emission test  
 

Table 15 NOx values 

NOx emissions [ppm]  
Before dysfunction   After dysfunction 

LOAD 

Engine speed[rpm] 50% 75% 100%   50% 75% 100% 

1879 179±25 375±25 1895±94.75   176±25 448±25 1930±96.5 

2053 169±25 369±25 1662±83.1   153±25 370±25 1684±84.2 

2226 166±25 315±25 1688±84.4   161±25 291±25 1666±83.3 
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Table 17 HC values 

Table 18 O2 values 

 

Table 16 light absorption coefficient values 
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Graph 16 change in HC values 

0 

50% 75% 100% 50% 75% 100%

0.23±0.032 0.07±0.032 0.16±0.032 0.11±0.032 0.1±0.032 0.08±0.032

0.16±0.032 0.12±0.032 0.09±0.032 0.14±0.032 0.15±0.032 0.08±0.032

0.14±0.032 0.12±0.032 0.13±0.032 0.14±0.032 0.15±0.032 0.13±0.032

1879

2053

2226

Absorption 

coefficient [m-1] 

Before dysfunction After dysfunction

LOAD

Engine speed[rpm]

50% 75% 100% 50% 75% 100%

7±10 9±10 11±10 1±10 0±10 3±10

3±10 7±10 10±10 1±10 2±10 5±10

4±10 3±10 4±10 0±10 0±10 4±10

HC emissions [ppm]
Before dysfunction After dysfunction

LOAD

Engine speed[rpm]

1879

2053

2226

50% 75% 100% 50% 75% 100%

11.66±0.6 9.73±0.5 6.11±0.3 11.92±0.6 9.99±0.5 7.82±0.4

11.65±0.6 9.62±0.5 6.8±0.3 12.57±0.6 10.07±0.5 8.52±0.4

12.19±0.6 9.46±0.5 6.9±0.3 13.51±0.7 10.02±0.5 8.46±0.4

Before dysfunction After dysfunction

LOAD

Engine speed[rpm]

1879

2053

2226

O2 emissions [%]
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Summary of the dysfunction 

 

 The purpose of this simulation was the analysis of the impact of excessive amount of air 

entering the combustion process.  

By introducing an extra amount of air to the combustion chamber, overall values of 

hydrocarbons were lowered. Values of hydrocarbons are already low, due to the fact that this vehicle 

is equipped with a catalytic converter. Lowered values of light absorption coefficient and higher value 

of nitrogen oxides would be expected for this particular dysfunction, but by forcing more air into the 

engine the ECU measures this condition through the MAF sensor and responds accordingly. The ECU 

then changes the setup of the EGR valve to introduce more exhaust gases to the combustion process, 

therefore the values remained nearly identical.  

Overall it can be claimed that this dysfunction has a little impact on the emissions compounds 

formation.   
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BXE engine (VW concern) 
Table 19 BXE engine parameters 

Engine BXE, 1.9 TDI, 77 kW, Audi A3, hatchback, manual 

EMISSION STANDARD EURO 4 EGR YES 

SMOKE ABSORPTION VALUE <1.5 (m-1) CATALYTIC CONVERTER YES 

CO2 AVERAGE 135-138 (g/km) TURBOCHARGED YES 

CO 0.131 (g/km) INTERCOOLER YES 

HC x LAMBDA REGULATION NO 

NOx 0.224 (g/km) DPF/FAP NO 

HC NOx 0.248 (g/km) Engine displacement (cm3) 1896 

PARTICLES 0.02 (g/km) Power output (kW/rpm) 77/4000 

INJECTION SYSTEM Unit injector Torque (Nm/rpm) 250/1900 

 

Most common faults: 

 EGR cooler failure, 

 faulty regulation of turbocharger, 

 fuel injectors sensitive to fuel quality, extended period of using low quality diesel can result 

in non-start condition due to high wear of injector spray nozzle, 

 diesel fuel mixes with lubricating oil, 

 fuel injectors and glow plugs cable harness are exposed to heat of the engine, possibly 

causing intermitted failure of these systems. 

This is the most common engine unit in the Moravian-Silesian region.  

Following the logic flowchart shown on Figure 4, dysfunctions were selected to be inspected 

by emission test. The basic engine condition check shown on Figure 4 was executed before any 

Image 25 BXE engine unit in Audi A3 on the testing dynamometer MAHA LPS 3000 
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emissions testing was performed. The engine unit showed almost no signs of wear due to the low 

mileage (130 000km) and no abnormalities that could have an impact on higher emission compounds 

formation were found. 

POWERMANAGEMENT ANALYSIS 

This type of engine uses a Unit Injector System of fuel injection. It is equipped with a 

proportional control valve for the EGR system and proportional cotrol valve for the geometry of 

turbocharger. It is controlled by EDC16U34 engine control unit. This control unit allows a torque-

oriented control over the engine management system. This type of system has better allows better 

cooperation with other vehicle systems (e.g. ABS/ESP/ASR system, automatic gearbox system and 

others). 

BOOST SYSTEM 

 The boost system in this type of engine is very similar to the system in the ATD engine unit. It 

varies in values that are stored in the FLASH memory and also the turbocharger itself is not identical, 

but as a whole system, it works on identical principles. 

EGR SYSTEM 

 Once again this system is almost identical to the EGR system in the ATD engine unit. However 

it is equipped with an EGR gases cooler, which cools down the temperature of passing exhaust gases. 

INJECTION SYSTEM 

 The Unit injector System has similar hardware and software properties to the one in ATD 

engine unit. 

  

ECU 

ENGINE 

MAP 

EGR 

VALVE 

Air supply 

EGR Loop 

EGR vacuum control  

Engine Load 

Engine Speed 

Other sensors 

EGR Cooler 

Engine coolant inlet Engine coolant outlet 

Image 26 EGR system in BXE engine unit 
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BXE engine simulation of worn-out injectors 
 

 Worn out injectors are a common problem among most of the diesel powered cars. Due to the 

high injection pressures even a small contamination of water or debris can have an abrasive effect on 

the injection nozzle, which leads to changes in spray pattern and fuel atomization. Excessive wear of 

injectors causes uneven running of the engine. To compensate for the uneven engine running, the ECU 

picks up the speed of the engine by monitoring the crankshaft speed sensor and compensates by 

injecting more or less fuel during the injection cycle to the cylinder, which causes the engine speed 

imbalance. 

 The dysfunction of worn-out injectors is simulated by adding an injected fuel quantity of fuel 

throughout the whole range of engine speed and load excluding the idle. This simulation doesn’t 

simulate an incorrect spray pattern.  

 By modifying the values of the Smoke limiter map, the values of injected fuel were risen by 2 

mg/stroke. The values were modified throughout the whole operating range of the engine unit.  

 

Image 27 original Smoke limiter map 

Image 28 corrected Smoke limiter map 
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BXE engine simulation of worn-out injectors emission test 

 

 Summary of the dysfunction 
 

 No significant changes in values were found in hydrocarbons HC, carbon monoxide CO and 

nitrogen oxides (NOx) emission compounds.  

 Overall smoke production lead to a slight increase of light absorption coefficient values. A high 

growth can be seen at 1884 rpm and at an engine load of 50% because by adding a value of 2 mg/ 

stroke, a 10 % increase on the injected fuel volume was made whereas only 4 % increase is made to 

the injected volume at the top load.  

 

  

Table 20 light absorption coefficient values  

Graph 18 Change in light absorption coefficient values 
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DV4 TD engine (PSA concern) 
Table 21 DV4 TD engine parameters 

Engine DV4 TD, 1.4 Hdi, 50 kW, 206, hatchback, manual 

EMISSION STANDARD EURO 4 EGR YES 

SMOKE ABSORPTION VALUE <2 (m-1) CATALYTIC CONVERTER YES 

CO2 AVERAGE 112-116 (g/km) TURBOCHARGED YES 

CO 0.204 (g/km) INTERCOOLER NO 

HC x LAMBDA REGULATION NO 

NOx 0.198 (g/km) DPF/FAP NO 

HC NOx 0.210 (g/km) Engine displacement (cm3) 1398 

PARTICLES 0.020 (g/km) Power output (kW/rpm) 50/4000 

INJECTION SYSTEM Common rail Torque (Nm/rpm) 150/1750 

 

Most common faults: 

 intake air temperature sensor failure, 

 faulty regulation of fuel rail pressure, 

 faulty lubrication of the turbocharger caused by clogged oil inlet port. 

 

Following the logic flowchart shown on Figure 4, dysfunctions were selected to be inspected 

by emission test. The basic engine condition check shown on Figure 4 was executed before any 

emissions testing was performed.  

 

 

Image 29 DV4 TD engine mounted in Peugeot 206 
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POWERMANAGEMENT ANALYSIS 

 This particular engine unit is controlled by EDC16C34 engine control unit. It is equipped with 

common rail injection system, which is the most common type of injection type in modern diesel 

engine units. It is equipped with an electrical control of EGR valve with position feedback, wastegate 

control of the turbine of the turbocharger 

BOOST SYSTEM 

 This engine unit is equipped with a fairly simple wastegate boost control, which doesn’t allow 

a direct control of the air pressure entering the engine by the ECU. This system is relying on the 

increasing air pressure in the compressor bank of the turbocharger itself. The air pressure actuates a 

wastegate valve through a linking mechanism. The wastegate valve allows partial exhaust gases 

redirection, essentially lowering the exhaust gases pressure forcing the turbine to spin. There is a 

threshold value set to this mechanism which was calibrated at 1 bar of relative air pressure. After 

reaching 2 bars of absolute pressure the valve is fully opened and the air pressure does not rise. 

 An air pressure sensor serves as a backup to this system. Once a certain preprogrammed value 

of air pressure is reached for a certain amount of time, a limp home mode for the engine is activated. 

The value for this particular engine unit is 2350 mbar of absolute pressure.  
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Image 30 DV4TD boost system 
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EGR SYSTEM  

 This engine unit is equipped with an EGR system with direct feedback from the EGR position 

sensor and electromechanical control of the EGR valve. This system allows more precision in the 

exhaust gases control.  

INJECTION SYSTEM 

 

ECU 

ENGINE 

MAP 

EGR 

VALVE 

Air supply 

EGR Loop 

EGR electrical control  

Engine Load 

Engine Speed 

Other sensors 

EGR Cooler 

Engine coolant inlet Engine coolant outlet 

EGR position signal  

Image 31 DV4TD EGR system 

Control signal from the ECU 

Electromagnetic valve 

Injector nozzle 

Pressurized fuel storage – Common Rail 

High pressure fuel pump 

Fuel pressure sensor 

Fuel pressure 

regulation valve 

Image 32 common rail injection system 
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 In this type of injection system a storage for pressurized fuel is present in a form of a rail to 

which all of the fuel injectors are connected. The pressure in the rail is created by a high pressure fuel 

pump. The pressure is regulated through a fuel pressure regulation valve and the actual pressure is 

monitored by the fuel rail pressure sensor. This forms a closed loop control system over the requested 

fuel pressure, which varies with engine speed and load. [5] 

 A pre-injection cycle and a post-injection cycle are present besides the main injection cycle. 

The main purpose of pre-injection is to raise the temperature and pressure in a combustion chamber 

gradually, so less nitrogen oxides are produced, the main combustion is smoother and the combustion 

noise is lower. The post-injection cycle is present due to lowering carbon soot particles by increasing 

the heat and therefore assisting the carbon soot to oxidize. [5] 

STARTING FUEL VOLUME 

 The starting fuel injection volume is chosen from the field of constants based on engine 

temperature during the starting period of the engine. This starting fuel amount is present until a 

certain engine speed is reached.  

INJECTED FUEL AMOUNT 

 The injected fuel amount is not set directly by the throttle pedal position sensor (like it is in 

EDC15 control units). The pedal position value (0 - 100 %) gets assigned a value of torque with respect 

to the engine speed. The value of torque then gets assigned a value of injected fuel amount, again with 

respect to the engine speed. This conversion can be seen on the following pictures. Corrections for 

Image 33 Starting fuel amount 

Image 34 starting rail pressure 
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fuel temperature, fuel pressure, engine temperature, intake air pressure and temperature are 

constantly made during the driving cycle.  

 

REGULATION OF THE TOP ENGINE SPEED 

 This system is used for engine protection against a dangerous engine over speed. The injected 

fuel amount gets reduced after the engine reaches the maximum power output at a certain engine 

speed, in this case 52.15 kW at 4000 rpm. 

ALTITUDE CORRECTION 

 As the altitude rises, the atmospheric pressure drops accordingly resulting in less oxygen 

entering the combustion process. The injected fuel amount has to be reduced in order to decrease 

smoke emissions.  

SMOKE, TORQUE, ENGINE OVERHEAT AND ELECTROMAGNETIC VALVES OVERHEAT LIMITERS 

 The injected fuel amount has to be restricted due to many factors. Overheating of the engine 

unit or electromagnetic valves could cause premature wear of certain components causing fatal failure 

of the engine. Torque limiter, as mentioned before, reduces strain on key engine components. The 

Image 35 Drivers wish map 

Image 36 injected amount per stroke 
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smoke limiter corrects the injected fuel volume according to the signal from the mass airflow sensor, 

so the maximum smoke absorption coefficient is not exceeded.  

FUEL INJECTORS PHYSICAL CORRECTIONS 

 A special code has to be introduced to the engine management unit for each individual 

common rail injector. This code contains a set of data carrying the injector corresponding to the 

injected fuel amount throughout the whole range of injection pressure, injected amount and the 

period of injection. The engine management can then compensate for the differences between 

injectors and improve the performance of an engine unit. [5] 

 

DV4 TD damaged sealing washer 
 

A damaged injector sealing washer on 3rd cylinder was found. The damaged washer causes 

compression leakage and leakage of exhaust gases produced by combustion of air/fuel mixture. The 

emission test was executed before repairing this dysfunction by replacing sealing washers on all 4 

cylinders and cleaning the injectors with ultrasound. 

 

 

Image 37 compression leak causing debris collection on 3rd cylinder injector  

Faulty injector sealing washer 

causing an escape of compression 

and exhaust gases 

Damaged area 
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DV4 TD damaged sealing washer emission test 
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Graph 19 Change in NOx values 
Table 22 NOx values 

50% 75% 100% 50% 75% 100%

91±25 205±25 1551±77.55 111±25 294±25 1521±76.05

66±25 130±25 1592±79.6 76±25 229±25 1641±82.05

80±25 130±25 1505±75.25 82±25 218±25 1623±81.15

NOx emissions 

[ppm] 

Before dysfunction After dysfunction

LOAD

Engine speed[rpm]

2021

2128

2234

Image 38 Injectors after ultrasound cleaning 
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Summary of the dysfunction 
 

 A slight increase in the values of nitrogen oxides and the light absorption coefficient were 

found during the presence of this dysfunction. Other values of emission components were located 

within the margin of error of the measuring procedure.  

 Due to the imbalance of engine speed with the combustion leak on the 3rd cylinder, the ECU 

was compensating with added amount of fuel in order to make the engine run smoother. That explains 

the higher amounts of smoke production. With the extra fuel, the combustion process in this particular 

cylinder must have been producing higher temperatures explaining the increase in NOx values.  
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Graph 20 Change in light absorption coefficient values 

Table 23 Light absorption coefficient values 

50% 75% 100% 50% 75% 100%

0.02±0.032 0.07±0.032 0.24±0.032 0.05±0.032 0.06±0.032 0.28±0.032

0.02±0.032 0.06±0.032 0.18±0.032 0.04±0.032 0.08±0.032 0.23±0.032

0.01±0.032 0.11±0.032 0.17±0.032 0.05±0.032 0.11±0.032 0.22±0.032

Before dysfunction After dysfunction

LOAD

Engine speed[rpm]

2021

2128

2234

Absorption 

coefficient [m-1] 
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DV4TD intake air temperature sensor fault  

 If a fault occurs on this sensor the ECU reads the temperature -30°C. The ECU did not notify 

the driver about this fault immediately but after 4 driving cycles that each lasted for 5 minutes. 

DV4TD intake air temperature sensor fault emission test 

 

Image 39 Intake air temperature sensor disconnected for testing purposes 

Unplugged sensor 

Compressed air 

from turbocharger 

Graph 21 Change in NOx values 
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Table 24 NOx values 

 

Summary of the dysfunction 
 

A slight increase in the values of nitrogen oxides and the light absorption coefficient was found 

during the presence of this dysfunction. Other values of emission compounds were located within the 

margin of error of the measuring procedure.  

 At the temperature of intake air -30 °C, the ECU basically injected more fuel into the 

combustion process at all times. The constants for substitute values are preprogrammed in the fuel 

quantity correction curve.  

Graph 22 change in light absorption coefficient values 

Table 25 light absorption coefficient values 
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ASV engine (VW concern) 
 

Table 26 ASV engine parameters 

Engine ASV, 1.9 TDI, 81kW, Octavia, combi 

EMISSION STANDARD EURO2 EGR YES 

SMOKE ABSORPTION VALUE 0.9 (m-1) CATALYTIC CONVERTER YES 

CO2 AVERAGE 143 (g/km) TURBOCHARGED YES 

CO 0.055 (g/km) INTERCOOLER YES 

HC x LAMBDA REGULATION NO 

NOx 0.408 (g/km) DPF/FAP NO 

HC NOx 0.435 (g/km) Engine displacement (cm3) 1896 

PARTICLES 0.042 (g/km) Power output (kW/rpm) 81/4150 

INJECTION SYSTEM VP injection system Torque (Nm/rpm) 235/1900 

 

Most common faults: 

 engine oil leakage though the EGR valve body, 

 engine temperature sensor failure, 

 faulty glow plugs, 

 faulty variable turbo geometry actuation. 

 

This is the 4th most common engine unit in the Moravian-Silesian region.  

Following the logic flowchart shown on Figure 4, dysfunctions were selected to be inspected 

by emission test. The basic engine condition check shown on Figure 4 was executed before any 

emissions testing was performed. The engine unit showed almost no signs of wear even though the 

mileage on this vehicle was over 260 000 km. 

POWERMANAGEMENT ANALYSIS 

This engine is managed by BOSCH EDC 15P engine control unit. It is equipped with a 

proportional control valve for the EGR system, proportional control valve for the geometry of the 

turbocharg, and a system with a VP37 injection pump.  

EGR SYSTEM 

This system is almost identical to the EGR system in the ATD engine unit.  

BOOST SYSTEM 

The boost system in this type of engine is very similar to the system in the ATD engine unit. It 

varies in values that are stored in the FLASH memory and also the turbocharger itself is not identical, 

however as a whole system it works on identical principles. 
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INJECTION SYSTEM 

 

 The injected fuel amount is selected by drivers wish maps and stored in the FLASH memory of 

the ECU. This amount is limited just like it is in the case of the ATD engine unit, by the Torque limiter 

map and the Smoke limiter map.  

The beginning of the injection period is altered by modifying the voltage of the solenoid valve 

(located inside the high pressure pump), which essentially modifies the inner pressure of the high 

pressure pump causing advance or delay to the injection period. [4] 

Injector nozzle 

High pressure fuel pump 

Fuel shut off 

valve 

Injector needle lift sensor 

Solenoid valve for 

start-of-injection 

timing 

Image 40 VP injection system 

Image 41 drivers wish 
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In order for this system to function as a closed loop regulation system, an injector needle lift 

sensor is present. By monitoring analog signal from this sensor, the ECU can adjust the solenoid valve 

to minimize the regulatory deviation.  

The fuel shut off valve is present in this system as a redundant safety feature. The engine is 

primarily stopped by selecting 0 mg/stroke in the competent ECU map and engaging the air shut off 

flap. [4] 

 

ASV faulty MAF sensor 
 

 A significant engine management dysfunction was discovered during the basic engine 

performance test. The data from the mass airflow sensor serves as a very important input value for  all 

the important systems (injection system, boost system, EGR system) present in this particular engine 

management unit (EDC 15V). With an incorrect value from the MAF sensor the engine unit cannot 

operate correctly.  As seen on the image below, once the engine speed reaches 2600 rpm, the power 

output of the engine rises with increasing engine speed very slowly.  

 Since significant power loss is noticeable only once the engine reaches 2600 rpm, it can be 

claimed that this particular engine unit can be operated for extended periods of time with this type of 

dysfunction.  

Image 42 pump tension 
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 By monitoring the value of the MAF sensor, the monitored value never surpassed the value of 

750 mg/ stroke. Basically the amount of fuel never went higher than the values that are stored in the 

Smoke limiter map. This limiter ensured that the values for absorption coefficient were not too high, 

but also lowered the engine power. 

 

  

P at wheel [kW] 
P loses [kW] 
P corrected [kW] 

Torque [Nm] 
Maximum power output 85 kW at 4075 rpm 

Maximum original output 70 kW 

at 4000 rpm with the dysfunction 

Image 43 measured behavior of the engine before and after dysfunction 

Incorrect data from 

MAF from this point 

on 

The area of map, from which 

the ECU was reading the 

values for injected amount 

Image 44 Smoke limiter map 
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ASV faulty MAF sensor emission test 
 

Table 27 NOx values 

NOx emissions 
[ppm]  

Before dysfunction   After dysfunction 

LOAD 

Engine speed[rpm] 50% 75% 100%   50% 75% 100% 

2188 149±25 331±25 1691±85   240±25 359±25 1599±80 

2400 191±25 300±25 1750±88   182±25 380±25 1592±80 

2613 225±25 303±25 1521±76   154±25 345±25 1651±83 
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Table 28 light absorption coefficient values 

Absorption 
coefficient [m-1]  

Before dysfunction   After dysfunction 

LOAD 

Engine speed[rpm] 50% 75% 100%   50% 75% 100% 

2188 0.12±0.032 0.17±0.032 0.18±0.032   0.06±0.032 0.08±0.032 0.18±0.032 

2400 0.12±0.032 0.17±0.032 0.18±0.032   0.07±0.032 0.12±0.032 0.19±0.032 

2613 0.08±0.032 0.12±0.032 0.27±0.032   0.07±0.032 0.09±0.032 0.16±0.032 

 

Table 29 HC values 

HC emissions 
[ppm] 

Before dysfunction  After dysfunction 

LOAD 

Engine speed[rpm] 50% 75% 100%  50% 75% 100% 

2188 12±10 8±10 7±10  2±10 3±10 2±10 

2400 8±10 6±10 5±10  0±10 1±10 0±10 

2613 5±10 5±10 3±10  3±10 3±10 2±10 

 

Table 30 CO values 

CO emissions [%] 
Before dysfunction   After dysfunction 

LOAD 

Engine speed[rpm] 50% 75% 100%   50% 75% 100% 

2188 0.046±0.03 0.026±0.03 0.015±0.03   0.018±0.03 0.011±0.03 0.005±0.03 

2400 0.021±0.03 0.018±0.03 0.011±0.03   0.013±0.03 0.007±0.03 0.001±0.03 

2613 0.017±0.03 0.013±0.03 0.07±0.03   0.027±0.03 0.014±0.03 0.004±0.03 
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Summary of the dysfunction 
 

 An obvious reduction in amount of HC, CO and light absorption coefficient was recorded. A 

faulty MAF sensor is responsible for this phenomenon because the injected fuel amount never reaches 

its top limit, which is set by the torque limiter map.  

 An increase in amount of NOx was measured mainly in the lower spectrum of engine speed. 

This phenomenon occurred because of the fact that there was more air flowing into the combustion 

process and the ECU did not respond correctly to the amount of air.  
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Summarization of the results 
 

 The summarization of the acquired results will be concluded in three ways: 

1)  a summarization of the dysfunctions commonly caused by the vehicle users,  

2) a summarization of each dysfunction with respect to the emission compounds formation and  

to their direct impact on the environment and human health, 

3) a summarization of with respect to the lifespan of key car components, and the impact on the 

environment because of replacing the components more often. 

User caused dysfunctions 
 

ENGINE POWER MODIFICATIONS 

 The remap of the engine control unit in order to increase the power and torque output can 

result in higher production of carbon soot particles but there was no other significant rise in other 

emission compound observed. A slight variations in nitrogen oxides production were measured 

throughout the tested range. Four out of nine measured values showed an increase and the remaining 

five values showed a decrease. That means that the values cancel out and it can be said that there is 

no excessive production of nitrogen oxides.  

 It is necessary to mention that not all of the ECU remaps have to behave in this way with 

respect to emission compounds formation. A custom remap should be done to fit the specific engine 

unit condition which is not always the case.  

EGR VALVE HARDWARE MODIFICATIONS 

 There is a common misconception among the car users that the exhaust gases brought back 

to the intake by the EGR valve lower the engine power output. A lot of users mislead by this fact reach 

for the hardware modifications of the EGR valve in order to restrict the flow of exhaust gases. A fact is 

that no significant gains or losses of power were measured during the presence of EGR valve hardware 

modifications.  

 An excessive production of nitrogen oxides was measured while this dysfunction is present. 

Due to the high temperatures present in the combustion chamber, more nitrogen oxides are produced. 

A direct measurement of the EGR valve position sensor, which is not so easily modifiable by a common 

vehicle can prevent modifications to EGR system. An indirect method of the exhaust gas measurement 

can be easily cheated on with simple hardware modifications.  
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 Considering the severity of the excessive nitrogen oxides production this is by far the worst 

modification that can be done to a car with the indirect exhaust gases measurement. A chemical 

compound NO2 which is produced by this dysfunction creates smog which has an extensive impact on 

human health and the environment. 

 

Dysfunctions with respect to the severity of their impact on environment and human 

health 
 

 By taking into perspective the number of cars on the road from the tested vehicles, the length 

of the time period during which a dysfunction can be present, and also the severity of impact of a 

dysfunction on a certain emission component it is possible to determine which of the measured 

dysfunctions has got the highest overall impact.  

Particulate matter 

 Due to the high amount of vehicles fitted with the BXE engine unit it can be said that worn out 

injectors can lead to the highest production of particulate matter among the tested dysfunctions. Also 

by remapping the ECU of any vehicle, higher emissions of particulate matter can be expected. That is 

why this dysfunction also has a vast impact when it comes to particulate matter emissions formation. 

The particulate matter poses the most serious threat to human health as it penetrates deep 

into lungs and causes a variety of lung diseases. It is also a component found in smog.  

Nitrogen oxides 

 Although a restriction of exhaust gases from entering the air intake brings no significant benefit 

to the engine performance, it is a common modification mainly on engine units with indirect 

measurement of exhaust gases flow. The production of nitrogen oxides caused by this dysfunction is 

very severe and any dysfunction of the EGR system caused by targeted user modifications should be 

punished by the law. 

Carbon monoxide 

 Due to the presence of catalytic converter the direct impact of dysfunctions on CO formation 

was not measured. The only significant growth was measured during the dysfunction of the boost 

system. This dysfunction can be present for just a short period of time because the ECU would detect 

such a state and would force the user of the vehicle to get this issue repaired. 
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Hydrocarbons 

 Once again the only significant increase of HC values was found during the presence of boost 

system dysfunction. Higher values of HC could be found if any of the measured vehicles had the 

catalytic converted in a bad condition. 

Carbon dioxide 

 Although this gas is considered as a non-poisonous, it helps in the greenhouse effect 

development. Higher production of CO2 was measured in presence of half of the dysfunctions solved 

in this master thesis. The most severe growth was measured during the engine ECU remap dysfunction 

and during the simulation of worn-out fuel injectors.  

 

The impact on the environment caused by premature wear of key car components 
 

 The key components of the engine, drivetrain and suspension could wear out prematurely 

because of some of the engine management dysfunctions. The production of these components puts 

a direct impact on the environment because of the high amount of carbon footprint that they cause.  

 The carbon footprint of making a new car or an individual car component is very complex. 

Considering the variety of materials used for car production and the complexity of car industry 

processes, it is very hard to come up with a value of each emission component that is produced when 

a new vehicle or vehicle component is produced.  

A faulty turbocharger regulation, engine remapping, faulty air mass flow sensor or worn-out 

fuel injectors cause a need for a vehicle trade or a change of a key engine component.  
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The conclusion 
 

 The objective of this thesis was to measure and determine the influence of various engine 

management dysfunctions on the emissions compounds formation. 

 The thesis starts with a theoretical evaluation of the trends in the automotive industry 

followed by the trend in growth of number of cars on the road. The severity of the impact of the most 

common emission compounds are discussed in the introduction. 

 For every engine that is solved in this thesis the most common engine management faults were 

found. The dysfunctions, which were examined were selected by following a logic flowchart designed 

by the author.  

 A theoretical hardware and software power management analysis was conducted to the 

selected engine units, and the knowledge from this analysis was applied in the realization of the 

dysfunctions. Dysfunctions that were safe for the engine unit were tested for the emissions 

compounds formation. 

 A dedicated emissions test was designed for the purposes of this thesis. This test is designed 

so that every vehicle is exposed to the same testing conditions. The results from measurements can 

be then evaluated between different engine units or during the presence of various engine 

management dysfunctions in one engine unit. The results of emission test are evaluated after each of 

the tests and an overall conclusion is made at the end.  

 The dysfunctions examined in this thesis were partly limited by the fact that most of the cars 

were borrowed from their owners. No modifications that could have an impact on the cars overall 

lifespan could be executed. The vehicle equipped with ATD engine unit is owned by the author of this 

thesis, therefore major modifications could be performed to the engine management system.  

 The DV4TD engine unit is not present in the list of the most common engine units in the 

Moravian-Silesian region. The dysfunctions that were examined on this particular engine unit would 

have the same overall trend of variation with respect to emission compounds formation to other 

similar engine units.  

 All the other engine units are present in the most common engine units list. The dysfunctions 

examined on the engines would have the same overall trend of variation with respect to emission 

compounds formation to other similar engine units.  
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