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Abstract: The paper presents the results of studies on the influence of fuel system malfunctions, engine adjustment violations, technical 

condition, and operating conditions of tractors, trucks, and passenger cars on fuel consumption. The analysis of external speed characteris-

tics of diesel and carburetor engines is carried out. The influence of ignition timing, fuel equipment condition, tire pressure, cooling system 

operation, and maintenance quality on fuel efficiency indicators is considered. It is shown that untimely maintenance, improper adjustment 

of engine systems, and violation of operating requirements significantly affect fuel consumption and engine performance. The results of the 

study demonstrate that the technical condition of vehicles and operating modes are among the main factors determining fuel efficiency indi-

cators.
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1. Problem Statement
When conducting comparative studies, it is important to en-

sure identical operating conditions for the performance of specific 

tasks by both similar and different types of machines. 

In order to investigate the influence of fuel equipment on the 

performance indicators of a diesel engine, tractor, and machine-

tractor unit (MTU) [1,2], one of such conditions was the external 

speed characteristic of the diesel engine adopted for the study (Ta-

ble 1, Fig. 1). The variation of four main characteristic parameters 

was analyzed: effective torque (Me), effective power output (Ne), 

hourly fuel consumption (Gf), and effective specific fuel consump-

tion (ge). The initial data for calculating the characteristic were 

selected under the condition of maintaining the structural weight 

parameters of the tractor and the rated diesel engine power in ac-

cordance with the specifications of the production tractor model (m 

= 7900 kg, Nen = 121.4 kW). 

Further analysis of literature sources on this topic revealed 

that characteristics with a smaller number of key parameters are 

also used in research practice (Fig. 2). In addition, Fig. 2b demon-

strates that the performance indicators of the machine-tractor unit 

may also depend on other factors, such as tillage depth, soil mois-

ture, and other operating conditions.

Table 1 – External Speed Characteristic of the SMD-62 Diesel 

Engine 

Source: developed by the authors using data from [3–5]. 

2. Analysis of Recent Research and Publications

The performance indicators of carburetor engines are also 

evaluated according to the behavior of their speed characteristics 

(Fig. 3). 

It can be observed that different types of characteristics with 

varying numbers of investigated parameters are used in research 

practice. Deviations in the behavior of certain dependencies from 

generally accepted patterns are also noticeable. For example, at 

engine speeds below 2500 rpm, the hourly fuel consumption tends 

to be slightly lower, while the effective specific fuel consumption 

becomes somewhat higher (Fig. 3a). Similar deviations are 

observed for the excess air coefficient and effective specific fuel 

consumption (Fig. 3b) within the low-speed operating range, 

although the unstable operating mode occurs at higher crankshaft 

speeds — approximately 4000 rpm compared to 2500 rpm for the 

previous engine, despite nearly identical rated speed values. 

Fig. 1 – External Speed Characteristic of the SMD-62 Diesel 

Engine 

Source: developed by the authors using data from [3–5]. 

a) 

b) 

Fig. 2 – General View of External Speed Characteristics of 

Certain Agricultural Tractors: 

a) ―Fiatagri‖ model ―Fiat‖ (Kp = 43%);

b) ―Deutz-Fahr‖ model ―AgroStar DX 6.31‖ (Kp = 36%).

Source: developed by the authors using data from [6,7].

1. 1200     624    78,4    21,84    279 

2. 1350    687   97,1   25,85     266 

3. 1500   693   108,8     28,42   261 

4. 1650    672   116,0     29,98     259 

5. 1800    635   119,6    30,75    257 

6. 1950    595   121,4    31,15   256 

7. 2100     554  121,77   29,47    242 

8. 2275      0   0    9,5    ∞ 
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More significant differences in the behavior of the excess air 

coefficient and effective specific fuel consumption are observed for 

another engine model (Fig. 3c). These changes become noticeable 

at engine speeds below 2500 rpm, while the rated engine speed is 

3200 rpm. 

In addition, the characteristic parameters also depend on the 

correct selection of the investigated parameter variation range (Fig. 

4) and, in particular, on the adjustment parameters of the engine 

systems (Fig. 5). 

Some of the above-mentioned features of the speed 

characteristics typical of classical carburetor engines operating at 

low-speed modes are also, to a certain extent, characteristic of 

modern fuel-injected engines (Fig. 6a, c). Changes in the generally 

accepted behavior of characteristic dependencies can also be 

observed at increased crankshaft speeds (Fig. 6b, c). It should be 

noted that such characteristic behavior patterns do not always 

change significantly even after engine and vehicle modernization 

(Fig. 6b). 

 

3. Objectives 

 
The aim of this study is to identify the causes of increased 

fuel consumption in locally manufactured vehicles equipped with 

carburetor engines based on the analysis of their operation under 

standard operating conditions. 

 
4. Main Material 

 

The analysis and preliminary systematization of materials re-

lated to this topic began during the preparation of a textbook for 

publication [12]. The research was further continued while prepar-

ing scientific works [8,13–15]. For the purpose of systematization, 

information from a large number of studies conducted by various 

authors was used. It is practically impossible to provide a complete 

list of all such publications and their authors. In our opinion, the 

most significant studies in this field are presented in references [16–

25]. 

Tables 2–5 present the main indicators reflecting the influence 

of the technical condition of fuel equipment, vehicle operating 

conditions, and other factors on the fuel efficiency of vehicles 

equipped with carburetor engines. 

According to the data presented in Table 2, three major in-

fluencing factors should be emphasized. First, careless attitude of 

drivers and engineering personnel (or vehicle owners) toward fuel 

usage (items 1, 3–6) results in fuel overconsumption of approx-

imately 9.5–12.0%. Second, the level of qualification and responsi-

bility of operators may either lead to additional fuel consumption of 

12–14% (item 7) or, conversely, provide fuel savings of 20–30% 

(item 8). Third, unfavorable operating conditions may increase fuel 

consumption by 30–400% (item 10). 

 

 
a)  

 
b) 

 
c) 

Fig. 3 – Speed Characteristics of Carburetor Engines: 

a) load characteristic (―2106‖); 

b) external characteristic (―M-412‖); 

c) external (1) and intermediate (2–4) characteristics of the 

ZMZ-53 engine (2 – at the limit of effective mixture leaning). 

Source: developed by the authors using data from [8]. 

 
Fig. 4 – Load Characteristic of an Automobile Engine De-

pending on Ignition Timing Angle θ° 

Source: developed by the authors using data from [9]. 
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Fig. 5 – Variation of Carburetor Engine Performance Indica-

tors Depending on Component Adjustments: 

a) indicator diagrams: 

1 – no ignition; 

2 – late ignition; 

3 – optimum ignition advance angle, normal combustion; 

4 – early ignition, detonation combustion. 

Source: developed by the authors using data from [9]. 
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c) 

Fig. 6 – External Speed Characteristics of Automobile En-

gines: 

a) Kia Mohave (V6, 3.8 L); 

b) Lexus RX 350 (2GR-FE); 

c) Formula Renault 3.5 Dallara T12. 

Source: developed by the authors using data from [8,10,11]. 

 

Table 2 – Influence of Malfunctions and Operating Condi-

tions of Locally Manufactured Vehicles on Fuel Consumption 

No. Malfunction or Operating Condition 
Excess Fuel 
Consump-

tion, % 

1 
Fuel losses due to overfilling of the fuel tank 

during refueling 
up to 0.5 

2 
A 1% decrease (increase) in vehicle mass de-

creases (increases) fuel consumption 
~0.5 

3 Improper sealing of the fuel tank 1–3 

4 Lack of engine warm-up before starting 2 

5 
Fuel leakage from the fuel tank, pipelines, and 

other fuel system components 
up to 5 

6 
Fuel losses caused by poor condition and untime-

ly maintenance of fuel storage equipment 
3.0–3.5 

7 
Fuel consumption when driving with the front 
axle engaged on: asphalt; good road surface 

12; 12–14 

8 
Reduction in fuel consumption by highly quali-

fied drivers 
20–25 

9 
Fuel savings due to driving style and operating 

modes 
>30 

10 

Increase in fuel consumption when driving on 

different soil backgrounds compared to asphalt: 

 dry field road;  
wet road after rain; 

 stubble field 

30;  

100–200; 
 400 

Source: developed by the authors using data from [13,15–25]. 

 

Table 3 – Influence of Malfunctions and Operating Condi-

tions of Locally Manufactured Vehicles on Fuel Consumption 

No. Malfunction or Operating Condition 

Excess Fuel 

Consumption, 

% 

1 Reduction of ignition advance angle by 1° 1 

2 
Incorrect adjustment of valve thermal 

clearance 
5–7 

3 Incorrect front wheel toe adjustment 5–7 

4 
Use of higher-viscosity oil in transmission 

units 
up to 10 

5 
Brake lining contact with drums and exces-

sive bearing preload 
~10 

6 
Carbon deposit formation on piston rings 

and cylinder-piston group 
15 

7 Diesel injector malfunction 15–20 

8 Tire pressure reduction by more than 40% up to 20 

9 
Failure of the centrifugal ignition advance 

mechanism 
20 

10 
Engine operation with coolant temperature 

of 30–40 °C 
30–40 

11 Ignition system malfunction up to 50 

12 
Inoperative spark plugs (1–2) in a six-

cylinder engine 
26–60 

INTERNATIONAL SCIENTIFIC JOURNAL "MECHANIZATION IN AGRICULTURE & CONSERVING OF THE RESOURCES" WEB ISSN 2603-3712; PRINT ISSN 2603-3704

19 YEAR LXXII, ISSUE 1, P.P. 17-21 (2026)



Source: developed by the authors using data from [13,15–25]. 

 

According to the data presented in Table 3, the main influen-

cing factors include the gradual deterioration of the technical condi-

tion of the vehicle, which is not detected and eliminated in due time 

(items 1, 5, 6, 9, 11, 12), as well as untimely technical inspection or 

absence of proper adjustment and maintenance procedures (items 2, 

3, 4, 8, 10, 12). In the first case, fuel consumption increases by 132–

156%, while in the second case it increases by 96–144%. 

Fuel consumption of passenger cars (Table 4) increases by 

74–92% due to deterioration of the technical condition of fuel 

equipment (items 2, 3, 7, 10, 12), by 26–30% because of carburetor 

component failures (items 6, 11), by 13–19% due to improper ad-

justment (items 1, 9), and by 21–25% as a result of violations or 

failure to comply with operating and maintenance requirements 

(items 4, 5, 8). 

 

Table 4 – Influence of Malfunctions and Operating Condi-

tions of Locally Passenger Cars on Fuel Consumption 

No. Malfunction or Operating Condition 

Excess Fuel 

Consumption, 

% 

1 Incorrect idle speed adjustment 3–4 

2 
Wear of accelerator pump drive 

components 
3–5 

3 Incorrect economizer operation 4–10 

4 
Reduction of tire pressure by 0.5–

1.0 atm 
5–7 

5 
Engine operation with coolant 

temperature below 80–90 °C 
6–8 

6 
Failure or malfunction of the va-

cuum regulator 
6–10 

7 
Reduction of main metering system 

air jet diameter by 7% 
7 

8 

Clutch slipping due to insufficient 

pedal free play; oil contamination 

of clutch friction linings; incorrect 

wheel alignment; excessive tighten-

ing of wheel hub bearings; incorrect 

brake adjustment or malfunction; 

low tire pressure 

up to 10 

9 
Improper adjustment of carburetor 

fuel equipment 
10–15 

10 

Increase in fuel level in the carbure-

tor float chamber by 4 mm above 

normal 

10–20 

11 
Failure of ignition advance mechan-

ism 
20 

12 Ignition system malfunction up to 50 

Source: developed by the authors using data from [13,15–25]. 

 

Changes in the technical condition of passenger cars (Table 5) 

(items 1–4, 6–8, 11, 13, 17) increase fuel consumption by 84–

129%; improper adjustment (items 2, 5, 10, 12) increases fuel con-

sumption by 28–41%; and violation or non-compliance with operat-

ing and maintenance requirements (items 9, 15, 16) leads to an 

increase of 58–70%. 

 

Table 5 – Influence of Malfunctions and Operating Condi-

tions of Locally Passenger Cars on Fuel Consumption 

 

No. 
Malfunction or Operating Condi-

tion 

Excess Fuel 

Consumption, 

% 

1 
Increase of valve mechanism 

clearance by 0.1 mm 
2 

2 

Incorrect ignition timing adjust-

ment; engine depressurization 

caused by damaged seals (blown 

cylinder head gasket, burned valve 

edges, loose spark plugs, etc.); 

reduction of tire pressure by 10–

15% 

3–4 

3 Contaminated air filter 4–5 

4 
Carbon deposits in the combustion 

chamber 
4–6 

5 
Incorrect adjustment of thermal 

clearances and wheel alignment 
5–7 

6 Increase in carburetor jet diameter up to 6 

7 
Increased fuel level in the carbure-

tor float chamber 
6–8 

8 
Scale deposits in the engine cool-

ing system radiator (about 1 mm) 
8 

9 
Engine operation with coolant 

temperature of 60–70 °C 
8–10 

10 

Incorrect adjustment of the distrib-

utor-interrupter; use of higher-

viscosity transmission oils 

up to 10 

11 

Leakage of the carburetor econo-

mizer valve; reduction of tire 

pressure by 30–40% 

10–15 

12 
Incorrect adjustment of clutch, 

wheel bearings, and brakes 
10–20 

13 
Carbon deposits on piston rings 

and cylinder-piston group 
15 

14 Diesel injector malfunction 15–20 

15 
Tire pressure reduction by more 

than 40% 
up to 20 

16 
Engine operation with coolant 

temperature of 30–40 °C 
30–40 

17 
Inoperative spark plugs (one or 

two) in a six-cylinder engine 
26–60 

Source: developed by the authors using data from [13,15–25]. 

 
5. Conclusions 

 

1. Fuel savings during the operation of trucks and passenger 

cars equipped with carburetor engines may amount to 20–30%.  

2. Excess fuel consumption of trucks and passenger cars may 

vary from 9.5–132% to 12–400%, while for passenger cars it may 

range from 13–84% to 19–129%. 
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