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Abstract. It is offered the automated complex for 

carrying out experimental researches automobiles and 

tractors engines with program realization of monitoring of 

a kind speed-mode on coefficient to non-uniformity of a 

course. In the developed installation it is automated 

processes definition, on dynamic modes, the expenditure 

of air and fuel and coefficient surplus of air and provided 

an opportunity of a direct estimation of quality of a 

transitive mode of engines. 
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INTRODUCTION 

Motor installations for research of internal 

combustion engines (ICE) nowadays are outfitted with 

equipment that does not provide the automation of 

measurement, moreover, it has a low degree of obtained 

discrete values. Fuel and air consumption and other 

parameters can be fixed only on the fixed modes. 

However, during the operating conditions, most of the 

time, automobile and tractor engines are working on the 

unsteady modes. Meantime the transient processes of an 

engine are affecting its technical, economic and 

environmental performances. Because of the fact the 

definition of dynamic performance and fuel consumption 

is an important measure in the study of ICE. In 

connection with this an urgent problem occurs to develop 

appropriate methods and tools for automated monitoring 

and diagnosis of heat engines in different modes. 

ANALYSIS OF RECENT RESEARCHES AND 

PUBLICATIONS 

While studying transients we frequently use indirect 

method for determining fuel consumption. One of the 

examples of this method is the process of oscillography of 

height change dispensers and moving the rail of fuel 

pump [1]. On the basis of these values we can determine 

the fuel consumption. Its instantaneous value can also be 

determined by filming the fuel consumption from marked 

pail on the film, followed by rotoscoping [1]. The use of 

indirect method is accompanied by high material cost and 

timing, insufficient accuracy values obtained as a result of 

a number of successive transformations and complex 

automation of the research processes [2]. 

Among the most common methods of determining 

the cost of liquid fuel combustion in ICE we can figure 

out the mass and volumetric methods [3]. They include 

the use, as a measurement equipment, mechanical scales 

and the appropriate level sensors. The main disadvantage 

of these tools is the complexity of determining small fuel 

consumption for a short period of time. This is due to low 

measurement precision and the considerable time delay in 

stabilization of scales because of the imperfections of the 

mechanical lever-measuring device and recording 

equipment. In addition, when we use the volume method 

for determining the cost of liquid fuel consumption we 

need to transform volumetric units into mass ones, this 

requires additional consideration of the environmental 

factors impact on the value of its density [4]. 

After analysis of existing methods and tools for 

measuring fuel consumption, we can figure out a number 

of unsolved issues: measurement of consumable values 

with a precision that would have helped to improve the 

quality of research; decrease the discrete experiment time 

to a few milliseconds; fast processing of input and output 

data in graphical or tabular form; providing automated 

analysis of the character of the ICE high-speed mode of 

the dynamics and determining the appropriate 

consumption of liquid fuels. 

OBJECTIVES 

The aim was to increase the efficiency and accuracy 

of experimental studies to determine both static and 

dynamic characteristics of automotive and combine 

engines using an automated computer system for 

measuring their individual performance. 

THE MAIN RESULTS OF THE RESEARCH 

 In the basis of an automated computer system is 

fuel consumption study of different modes of ICE 

functioning characteristics. This system is designed for 

automated calculation of the value of fuel consumption by 

determining its mass quantities in equal intervals. 

The basic element of this system is the electronic 

diesel fuel supply controller [5]. Setting the value of fuel 

consumption involves measuring its mass in marked pails 

with help of electronic scales from which we do sampling 

actions by means of the suppling system of ICE. These 

measurements are carried out at regular intervals and 

speed modes. 

One of the indicators of the speed modes of ICE is 

the rate of unevenness of engine operation [6]. The 

transition from one speed mode to another is monitored 
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by normalized deviation from the true value of the 

coefficient of unevenness of engine operation. The 

novelty of the design is to set the start and the end of the 

respective engine speed fashion while determining its 

expense characteristics. 

For steady-mode, based on the design and technical 

features of ICE, the ratio of unevenness is characterized 

by low change and does not exceed the normalized 

(critical) value. Exceeding of the critical values of 

irregularity indicates the end of steady and start of the 

unsteady mode. If the comparison of real coefficient of 

unevenness of engine operation towards its normalized 

value is less than or equals to one, then the speed limit 

can be considered to be steady, and otherwise – unsteady.  

After determining the beginning and the end of the speed 

mode and fixing the instant weight of fuel in the pails we 

can determine the flow and amount of fuel of the 

identified speed mode. 

The calculation of fuel consumption changes over 

the duration of the flow of the automatically identified 

speed mode is implemented by logical and mathematical 

tools of computer system for discrete numerical values 

defining the weight of the consumed fuel. The value of 

the mass of fuel in the marked pails, the crankshaft 

angular velocity and flow duration of specified speed 

mode of an engine are the input data to determine 

dynamic cost of liquid fuels. 

A worked out computer system and its main 

components are presented in Fig. 1. 

 

 
 

Fig.1. The hardware of a computer system to determine the characteristics of ICE: 1 – electronic control unit;         

2 – personal computer; 3 – flow air sensor SIEMENS / VDO 5WK9007Z; 4 – engine speed sensor 21110-3706040;       

5 – ICE flywheel toothed crown; 6 – electronic scales CAS MWP-3000H; 7 – high pressure fuel pump UTN-5;             

8 – coolant sensor; 9 – bed; 10 – engine under research D-240; 11 – the fuel filter;  

12 – jets; 13 – reducer; 14 – measuring stand. 

 

 
 

Fig. 2. Diagnostic program window.  
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To ensure the registration and processing of 

information signals we use the following test equipment: 

electronic scales 6, which provide the required accuracy 

to obtain quantitative characteristics of spent fuel; engine 

speed sensor 4, for determining the angular velocity of the 

crankshaft of internal combustion engines; air flow sensor 

3, to calculate the value of air flow; and coolant 

temperature sensor 8. 

By means of time differentiation angular 

displacement of the flywheel toothed crown 5, we make it 

possible to determine the frequency of rotation of the 

crankshaft of the engine. 

The value of calculating the cost of fuel is carried out by 

determining its weight in marked pails, which is recorded 

by the computer system upon the request to electronic 

scales. In this way, through program-fixed intervals we 

figure out the fuel consumption from the marked pails. 

Diagnostic program developed for the electronic 

regulator makes it possible to control the current settings 

of the electronic regulator, and carry out recording of all 

the measurements to a text file for further processing of 

the results. A diagnostic program window is shown in 

Fig. 2. It is divided into several window sills. In the first 

one "Data", we show the major change of the current 

settings of the electronic system of fuel supply over the 

time. In the second - "Characteristics", automatically 

formed relationship between the position of the rail of 

fuel supply and the engine speed frequency for the current 

regulatory fashion is shown. In the lower right corner it 

shows the current digitized values of input parameters of 

the system. 

In order to test the designed computer system we 

carried out complex investigations of diesel engine D-

240. Experimental studies determined the dynamics of air 

flow and fuel change, and air excess coefficient 

depending on the type of high-speed mode fashion. The 

study was conducted in two stages. The first one was to 

determine the consumables’ characteristics of idling 

diesel mode. Research results are shown in Figure 3. 

 
Fig. 3. Consumable characteristics of idling mode, 

diesel D-240. 

In the second stage, we conducted the experiments 

to determine the dynamics of diesel engine air and fuel 

intake and excess air coefficient changes in the free 

acceleration mode. The result of acceleration of diesel at 

idle from 1000 to 2250 min
-1

 are shown in Figure 4. 

 

 
Fig. 4. Dynamics of fuel consumption, the fuel 

supply track position and frequency of engine rotation for 

free acceleration mode, diesel D-240 

Analyzing the results we can state that unevenness 

of rotation frequency for the diesel idling is δ = 0,033, 

and the maximum frequency for idling – δ = 0,028, which 

satisfies the requirements for tractor diesel engines. The 

value of reregulation during acceleration in this case is 

3.8%. However, looking at the fig.4 we can state fairly 

high sensitivity of the electronic fuel supply regulator, 

leading to a permanent move of rails. We can eliminate 

this disadvantage by means of software, reducing the 

sensitivity of the regulator, or to adjust the position of fuel 

supply rails due to the laws of (P-, PI- or PID-regulation). 

CONCLUSIONS 

1. This automated computer system extends the area 

of definition of operating parameters and characteristics 

of the tractor, combine and other heat engines. It enables 

to get the dynamic quantitative assessment of fuel, air, 

and other indicators taking into consideration the 

coefficient of unevenness of engine operation. 

2. In addition to the characteristics of supplies, 

computer system provides direct assessment of the quality 

of the transition process, which is characterized by the 

coefficient of unevenness of pace, overshooting the 

rotation frequency and duration of the process. This 

system allows us to conduct dynamic tests of automobile 

and tractor engines on a much higher lever in comparison 

with static research with its high complexity and labor 

intensity of the control adjustment devices. 

3. The proposed research system allows us to carry 

out better and more professional researches and conduct 

laboratory and exploitation studies of the heat engines; to 

improve their technical, economic and environmental 

performance in all modes. 

REFERENCES 

1. Mishchenko N.I., Himchenko A.V., Kramar C.N. 

and Gapeev A.V. 2002. Automatic fuel flow meter, 

Kyiv: System management methods, technology and 

organization of production, repair and maintenance 

of car: Collected Works.– NTU, Vol.15, 155-157 (in 

Rusian). 

Gfuel, kg/h 

Gfuel 

Gair 
Gair, kg/h 



58                              A. HOLOVCHUK, S. KOVALYSHYN, YU. HABRIYEL, V. ZHOLOBKO 

 

2. Golovchuk A.F., Arendarenko V.M., Levchuk V.I. 

and Ivanov O.M. 2006. The method for determining 

the flow of liquid fuel in the study of internal 

combustion engines: Declarative patent No 13233 

Ukraine, (56) MPK (2006) G01F1/00, stated 

13.10.2005; posted 15.03.2006, Vol. №3 (in 

Ukrainian). 

3. Nykolaenko A.V. 1984. The theory, design and 

calculation of automotive engines, Moscow: Tutorial, 

«Kolos», 188-191 (in Rusian). 

4. Krutov V.I., 1978. Automatic control of internal 

combustion engines, Moscow: Mechanical 

engineering, 614 (in Rusian). 

5. Jamrozik A. 2012. CFD modelling of combustion in 

HCCI engine using avl fi re software / 

ECONTECHMOD. An international quarterly journal 

– Vol. 1, No. 1. 51-56. 

6. Dvulit Z. and Bojko O. 2014. Towards sustainable 

transport in Ukraine: main obstacles and directions of 

development / ECONTECHMOD. An international 

quarterly journal – Vol. 3. No. 2. 7-14. 

7. Kut'kov G.M. 2004. Tractors and cars. The theory 

and technological properties, Moscow: Kolos, 504(in 

Rusian). 

8. Golovchuk A.F. 2011. Improving fuel economy of 

tractor and smoke reduction by improving the system 

of automatic control, Kharkiv: monograph, KhNDTU, 

472 (in Rusian). 

9. Golovchuk A.F. and Gabriel Yu. I. 2012. Electronic 

system fuel supply diesel tractor, Dnipropetrovsk: 

Journal of Dnepropetrovsk State Agrarian University. 

– No 2, 72-73 (in Ukrainian). 

10. Popov Y., Kharchenko I. and Chumarin V. 1974. 
Ways to reduce the gas concentration air pollution by 

exhaust gases of diesel engines, Kyiv: Automobile 

transport. – No 1, 24-26 (in Rusian). 

11. Govorun A.G. and Golovchuk A.F. 1986. Ways to 

improve the efficiency and reduce the toxicity of 

diesel vehicles, Kyiv: Society «Znaniye», 15-16 (in 

Rusian). 

12. Bazhenov Ye.I. 1987. Improving the system of 

automatic speed control car diesel engines, Moscow: 

Author. Dis. Dr. tehn. sciences – 32 (in Rusian). 

13. Lisoval A.A., Kostrytsya S.V.and Humenchuk M.I. 

2007. Regulators of rotational speed of the diesel-

software measuring complex: applicant and patentee 

National Transport University. Pat. №21481, 

15.03.2007, Vol. 3, (in Ukrainian). 

14. Golovchuk A.F. 2001. Automatic control of the 

tractor and combine engines, Uman: Tutorial, 64. (in 

Rusian). 

15. Holovchuk A.F., Dolhanov K.E. and Levchuk V. I. 

2003. Regulators of rotational speed of internal 

combustion engine: Pat. No 57160 posted. 

16.06.2003, Vol. 6. (in Ukrainian). 

16. Holovchuk A.F., Levchuk V.I. 2006. Automatic 

adjustment of smoke exhaust gas of diesel tractor Pat. 

No 13962, posted 17.04.2006, Vol. 4 (in Ukrainian). 

17. Levchuk V.Í. 2008. Reducing the opacity of exhaust 

gases railroads], Kyiv: Author. Thesis. kand. tehn. 

Sciences, 20. (in Ukrainian). 

18. Holovchuk A.F. and Arendarenko V.M. 2007. 

Method for determining fuel rashoda zhydkoho 

Research work at vnutrenneho combustion engines 

Patent №80192 Ukraine. Vol. 13. (in Ukrainian). 

19. Parsadanov I.V. 2002. Rationing of emissions of 

diesel engines of trucks and agricultural machinery in 

Ukraine, Kharkiv: Internal combustion engines 

Publishing Center of NTU "KPI", No 1, 4-7 (in 

Rusian). 

20. Pushka O.S. 2009. Improving fuel efficiency and 

reducing smoke gas turbine supercharged diesel 

engines, Kyiv: Author. Thesis. kand.tehn. Sciences, 20 

(in Ukrainian). 

 


