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PODWYŻSZENIE PARAMETRÓW MOCY WYJŚCIOWEJ 

POPRZEZ OPTYMALIZACJĘ STEROWANIA SILNIKIEM 

Streszczenie: Elektroniczne jednostki sterujące, które posiadają na wyposażeniu 
zaawansowane aplikacje samochodowe różnią się strukturą algorytmów sterowania oraz 
modyfikacjami w oprogramowaniu. Modyfikacja systemu odbywa się poprzez modyfikowanie 
pól danych w celu osiągnięcia maksymalnych charakterystyk wyjściowych silnika. Aktywne 
algorytmy, które są częścią elektronicznych jednostek sterujących, charakteryzują się znaczną 
złożonością. Zaproponowano kilka rodzajów paliwa i prozapalnych strategii, które następnie 
zostały przetestowane w silniku doświadczalnym. Podczas testowania i dostrajania pól danych 
były monitorowane i rejestrowane specyficzne parametry silnika spalinowego za pomocą 
urządzenia rejestrującego dane połączone z aktywnymi modułami pomiarowymi. Wyniki 
pomiarów podczas testów wykazują znaczący wkład w zwiększenie charakterystyki działania 
eksperymentalnego silnika spalinowego poprzez nowo opracowany skład paliwa  
i elektroniczne urządzenia sterującego zapłonem. Cechy przebiegu momentu obrotowego  
i mocy silnika, odnoszą się do ciągłego wzrostu wartości w wąskim zakresie prędkości. 
 
Słowa kluczowe: jednostka sterująca, czterosuwowy silnik spalinowy, przedwczesny zapłon 
paliwa i map 

INCREASE OF THE OUTPUT POWER PARAMETERS OF THE 

OPTIMIZATION OF THE DATA FIELDS 

Summary: Electronic control units that have sophisticated uses in the automotive industry 
differ in the structure of the control algorithms and the associated modification software. 
Modification of the given systems is performed by modifying the data fields to achieve the 
maximum output parameters of the motor. The active algorithms that are part of the electronic 
control units are characterized by considerable complexity and interdependence. 
Several types of fuel and pre-ignition maps were designed, which were subsequently tested on 
an experimental engine. During the testing and tuning of the given data fields, the specific 
parameters of the combustion engine were monitored and recorded via the recording device by 
data linking with the active measuring modules. The results of the measurements during the 

                                                           
1 Technical University of Košice, Faculty of Mechanical Engineering, Department of 
Construction, Automotive and Transport Engineering, e-mail: dusan.puskar@tuke.sk 
2 doc. Ing., PhD., Technical University of Košice, Faculty of Mechanical Engineering, 
Department of Construction, Automotive and Transport Engineering, e-mail: 
michal.puskar@tuke.sk 



294 Dušan PUŠKÁR, Michal PUŠKÁR  

tests show a significant contribution to the increase in the performance characteristics of an 
experimental combustion engine through the newly developed fuel and pre-ignition map of the 
electronic control unit. The torque and engine performance characteristics indicate a steady 
increase in the values at a narrow speed range. This is precisely the case for the area in which 
the experimental propulsion unit is to be used 
 
Keywords: control unit, four-stroke combustion engine, engine control, pre-ignition and fuel 
map 

1. Introduction 

Piston combustion engines with internal combustion are currently the dominant 
driving force for transport technology, but they are also well-utilized in the power 
industry. Generally, they are advantageously applied where it is necessary to generate 
a large amount of mechanical work at low demands on the space, weight of the drive 
unit, fuel tank or other power source. 

At present, in the production of automotive engines, emphasis is put on increasing 
their output power parameters, increasing efficiency and reducing the exhaust 
emissions generated by their transport operations. 

The principle of the spark-ignition four-cylinder combustion engine remains 
unchanged, but designers and technologists are trying to improve the progress of their 
individual phases each day. Innovative solutions for the preparation of the working 
medium and its transport to the combustion chamber are sought after. If the working 
medium is in the cylinder of the combustion engine, it is necessary to find the optimal 
solution for its ignition. This is currently being solved by adjusting the engine control 
system which regulates the main engines of the combustion engine such as fuel 
injection, ignition system, and the like. 

The modification of the motor-engaging function is performed mainly by the 
editing of data fields in spark-ignition engines. Only in rare cases there is a change of 
some electronic control unit PCB component. More frequent changes are made to the 
kit control units produced by the companies involved in the treatment. The algorithms 
that make up the drive system control system are specific to their complexity and 
interdependence. The software the control unit works with is based on numerical 
combinations. 

The research and development of data fields and individual construction segments 
was directly applied to the HONDA GX35 experimental vehicle propulsion unit, 
which takes part annually at the prestigious Shell Eco-marathon competition. 

2. Injection system powerplant 

It is known that an engine that uses a direct injection system over an engine with 
an external blending system (carburetor) has a lower fuel consumption of 15% to 20% 
and engine power has also increased. Another advantage of direct injection is that it 
provides faster gasoline evaporation, which allows for faster mixing of fuel with air 
in the combustion chamber of the engine. The given rate of fuel evaporation is due to 
the fact that the injection system uses a high pressure at which the fuel is injected into 
the engine cylinder [1]. 
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For a direct injection system, a higher compression ratio of up to 12: 1 can be 
used when engine design. The use of a higher compression ratio is therefore possible 
because the process of evaporation of fuel in the combustion chamber of the engine 
causes a reduction in the air temperature in the cylinder. Therefore, it is also necessary 
to increase the given compression ratio in order to maintain the temperature  
in the engine cylinder. Subsequently, combustion efficiency will increase, which has  
a positive impact on the rising power, reduction of fuel consumption and engine 
emissions generated by its operation. 

 

Figure 1. Relative reduction in fuel consumption engine with direct injection as 

compared to the engine carburetor system 

Fuel and air mixing in the direct injection system is only performed within the 
combustion chamber of the engine. For engines using the carburetor system, mixing 
of the fuel and air mixture was accomplished by passing the mixture through the 
suction line from the carburetor to the intake valve of the cylinder head of the engine. 

The advantage is that an injector that drives directly into the engine's engine 
compartment allows for modification of the injection times and the regulation of the 
amount of injected fuel. On the basis of this, two types of blending methods are 
introduced by direct injection, homogeneous and stratified [1]. 

2.1 The formation of the homogenous mixture 

The essence of the homogeneous mixture is that the air and fuel mixture is 
homogeneously distributed throughout the combustion chamber of the engine with 
the same excess air factor λ. In the case of combustion engines using a direct injection 
system, a homogeneous mixture can only be obtained if fuel is injected during the 
intake of air and during the suction stroke. In this way, air is mixed with the fuel. The 
homogeneous mixture corresponds to a theoretical ideal 14.7: 1 ratio of air and fuel, 
through which the combustion engines are able to produce less emissions during their 
operation [2]. 
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Figure 2. Homogenous mixture formation 

2.2 Stratified mixture formation 

With stratified mixture formation, a small isolated pocket or cloud of air:fuel 
mixture is created within the cylinder; the remainder of the air is effectively pure 
(Figure 2). In reality, it is possible to have a pocket of mixture with a stoichiometric 
air:fuel ratio (which therefore burns normally), while the remaining air is either 
completely free of any petrol or has a very small amount of petrol mixed in, i.e. it is 
very weak. This small pocket of mixture is directed by the airflow within the 
combustion chamber so that it is directly exposed to the spark plug. When the spark 
occurs, therefore, it is only this pocket or cloud of mixture that ignites and combusts. 

 

Figure 3. Stratified charge mode 

The combustion of this isolated cloud of mixture is used to heat up all of the 
remaining air, thus producing expansion of the gas within the cylinder. If the 
remaining 'fresh air' does in fact contain a small quantity of petrol (forming a very 
weak mixture), it will combust slowly, which will in fact assist in the expansion of the 
gases. 
The obvious advantage of stratified mixture formation is that the amount of fuel 
required is much smaller than for homogenous mixtures and therefore fuel 
consumption is much lower. However, a stratified mixture formation cannot produce 
the same power as a homogenous mixture, which means that stratified mixture 
formation is ideal for light load conditions and lower engine speeds, but, when engine 
speeds increase above mid-range (typically around 3000 rev/min) or increased engine 
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torque and power are required, the engine must operate with a homogenous mixture 
(figure 3) [3]. 
 

 

Figure 4. Torque and power requirements 

3. Specification principle of operation ECU UNIT 

We see the electronic control unit as a specific microcomputer, which is very 
important in managing and optimizing the combustion process of current engines. The 
control unit receives input data from sensors that sense different physical values 
during engine operation. Subsequently, the control unit processes distributed 
operating information that records the sensors. On the basis of the pre-programmed 
functions, the control unit then generates control signals for actuator actuators [4]. 

Motor control is specified by the machine code that specifies the specific actions 
of the control program. The microprocessor of the control unit uses a combination of 
elementary binary digits 0 and 1 for its operation. For controlling individual activities, 
the control software works with numerical combinations in hexadecimal form. Using 
the data in this form, the individual data fields in the corresponding memory of the 
control unit are determined [5]. 

When modifying the control program, it is important to know the decimals (dec.) 
And hexadecimal (hex.). The ECU program uses a hex format of 16 characters. The 
letters of the large alphabet A to F and digits 0 to 9 (Figure 5) are used. 
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Figure 5. Hexadecimal system control program of ECU 

When editing the basic fuel injection data fields, the advance of sparking, it is 
important to transform the editing software from hexadecimal to decimal data. It is 
important to build optimal data fields to improve the performance of the drive unit. 
Individual data fields are related and interact with each other. It is also important to 
link the input and output parameters of the motor-loading. The control unit allows to 
some extent to regulate and adjust the output values [5]. 

 

Figure 6. Correction data field fuel injection 
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Figure 7. Correction data field ignites the mixture 

4. Experimental model and measuring equipment 

Modification of the data fields was performed by means of specific software 
ProCal. Proposal of the data fields was realised on the real driving unit installed in the 
experimental vehicle, which is especially designed for the international competition 
Shell Eco-marathon.  

 

Figure 8. The experimental engine placed on testing stands 
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For the needs of experimental measurements were used two test and measurement 
equipment. 

ENGINE WATCH AND CONTROL SYSTEM – EWaC 

This is a data-recording system, ie a device that senses and stores information during 
engine operation (under realistic conditions, under real load). This device allows 
parameters to diagnose a four-stroke internal combustion engine as power and torque 
and their progressions, temperature exhaust its course, and other characteristics. 

Number and type sensed parameters depends on the type and number of sensors 
that are installed on the internal combustion engine. The block diagram for measuring, 
processing and evaluating data is shown in Fig. 9. In this system, the record output of 
the engine in relation to time. 

 

Figure 9. Block diagram of the system EWAC 

INNOVATE MOTORSPORT LM 1 

During the development and optimization of data fields were used measuring device 
INNOVATE MOTOSPORT LM1 that we accurately determine the value of lambda 
in various stages of engine load. By means of the values to be able to control the dose 
of injected fuel into the combustion chamber of the engine using the fuel correction 
maps used software. 
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Figure 10. Recording the values of lambda 

5. Design and optimization of individual dates 

Fuel injection implementation is one of the most important operating 
characteristics in the electronic control of the engine. 
The bas ic design of fuel injection is mainly based on structural characteristics  
of a four-stroke internal combustion engine, while retaining optimum composition of 
the mixture in all operating modes. 
Engine load is most oft en expressed throttle position, which position is detected 
by a sensor TPS. The load range is expressed in percentages from 0 to 100, or by the 
throttle angle in degrees [deg]. Another form of motor load expresses the vacuum 
produced in the traction shoe that senses the MAP sensor and its value is reported in 
[kPa]. 

In the solution, the controller experimental engine operates on the basis  
of standard fuel data map, which is based on the current engine load in the form  
of sensing throttle position sensor TPS through. Injection elementary length depends 
on the data TPS sensor and motor encoder. Fuel map data comes from these 
designated data, and control unit under actual operating conditions adapts  
the correction of fuel injection. 

Proper tuning and setting of the optimal fuel map requires knowledge of a wide 
range of knowledge from the field of engine assembly and engine construction. When 
drawing up the fuel is calculated the map using a lead-free petrol with an octane 
number of 100, and a temperature range of about 20 to 23. 

Proposal optimal fuel maps, which will be adequately implemented to control 
motormanažmentu needs to know the favorable composition of the mixture and the 
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value of the volumetric efficiency (VE) in all operating modes. Volumetric efficiency 
comparing the actual and theoretical volume of the intake air in the intake stroke has 
a major impact on the determination of the injection. 

In reaching the maximum torque and the full-throttle (WOT) is the value of the 
volumetric efficiency highest, and therefore, it is necessary to adequately adapt the 
zone for the opening of the injection valve. 

By volume (volumetric) effectiveness represents the ratio of the amount of air or 
mixture that undergoes a fill tract, and the amount that can theoretically absorb 
representing the stroke volume. 

The maximum volumetric efficiency of the experimental engine ranges from 
6500 to 7500 rpm and the maximum power is 0.8 kW at 7000 rpm. 

 

 

Figure 11. The first version of the proposed fuel injection map 

When designing the fuel maps we used the fact that we need to get lean with a 
value of λ = 1.07-1.20. During map optimization, lambda was measured in all engine 
loading modes via Inovate Motosports LM1. 

 

 

Figure 12. The second version of the proposed fuel injection map 

In the measurement, the ideal composition of the mixture was assessed in the 
individual load modes of the engine. The initial variation of the fuel map was designed 
to the degraded band, and after the mixture composition was evaluated during the 
measurement, a particular part of the data field was corrected. The deviation ranged 
from 6500 to 7700 rpm. In this spectrum, there is a range of maximum volumetric 
efficiency (VO), and it is important to ensure the corresponding fuel dose. 

The maximum efficiency of converting chemical energy into heat is when the 
moment of ignition as possible. If the modified fuel map did not optimize the pre-
ignition map, the maximum combustion efficiency would not be used.  
The pre-ignition map was edited by changing the values in the data table. The values 
can be changed from positive to negative. An important area in the pre-ignition map 
is the speed at which the drive unit has the highest performance. Experiment drive 
unit Honda GX35 has a maximum torque in the speed range of 6500-7500 rev / min. 
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Figure 13. Adapted pre-ignition map 

6. Experimental results 

Determination of power and torque as well as the lambda value is the authoritative 
treatment steps engine management. Retrospective verification of the impact of data 
field editing is important when assessing the accuracy of modifying an engine. 

Any more substantial adjustment of the operation of the control unit causes 
adequate changes and therefore the best way to detect the changes is to measure the 
characteristics of the combustion engine through the equipment concerned. For the 
objectivity of the measurements made it is important to observe the most congenial 
atmospheric conditions that are shown in Table 1. 

Table 1 Measurement conditions 

Measurement 
number 

Atmospheric conditions Temperature 
engine [°C] 

Temperature 
[°C]    [°C] 

Pressure  [Pa] Humidity 
[%] 

1. 21 96,79·103 50 84,35 

2. 22,3 97,32·103 51 86,21 

3. 21,8 95,88·103 49 85,07 

4. 21,5 97,15·103 52 84,94 

 

The INNOVATE MOTOSPORTS LM1 measuring device, which records the λ 
during engine operation in its entire mode, indicates that we operate in poor mode λ> 
1 (Tab.2) almost in the whole engine mode. Based on this phenomenon, we can 
conclude that there has been a reduction in exhaust emissions. 
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Carbon dioxide CO is generated over time if there is excess fuel or if the 
engine operates in a rich mode λ <1 as a result of inadequate oxygen content. 
Hydrocarbons HC also increase as CO in a rich engine mode when the mixture is not 
completely burned. Minimum HC values are at times when λ = 1.1 to 1.2. The NOx 
values of the NOx in the area of the lean mixture decrease due to the low combustion 
temperature of the combustion chamber in the low engine mode. 

Table 2 Lambda value λ fuel maps 

Engine speed 2000 2500 3000 3500 4000 4500 5000 
Standart engine 0,94 0,99 0,92 0,93 0,93 0,96 0,95 
1. version fuel 
map 

0,96 1,02 1,0 0,99 0.98 0.99 1.02 

2. version fuel 
map 

0,98 1,03 1,01 0,99 1,02 1,04 1,07 

2. version fuel 
map+reg.ignition 

0,97 1,01 1.03 1.00 1,03 1,08 1,09 

Engine speed 5500 6000 6500 7000 7500 8000 
Standart engine 0,97 1,07 0,98 0,97 0,96 0,97 
1. version fuel 
map 

1,07 1,10 1,06 0.99 1,00 1.03 

2. version fuel 
map 

1,10 1,12 1,13 1,13 1,10 1,09 

2. version fuel 
map+reg.ignition 

1,11 1,12 1,15 1,16 1.15 1,13 

 

 

Figure 14. Record activities and progress of engine power when the first version of 

the fuel maps 
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Figure 15. Record activities and progress of engine power when the second version 

of the fuel maps 

 

Figure 16. Comparison of waveform power and torque 

After a thorough analysis of the individual measurements, it can be appreciated that 
the proposed final fuel injection data map has a positive effect on the increase  
in the output parameters of the experimental drive unit. The performance  
of the measurements carried out by means of individual measuring devices shows that, 
after applying the modified fuel map, the drive unit has increased power, torque  
and emission reductions. 
The torque characteristic of the torque indicates a continuous increase in the torque 
values in the narrow engine speed range. This fact has an important influence on the 
use of the drive unit under real conditions for which it is intended. At the same time, 
the control measures confirmed the increased ability of the propulsion unit to respond 
to variable load, as well as a more flexible throttle opening response. 
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