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Annotation. There are many methods in the world to reduce the fuel consumption 
of passenger cars, in most cases aimed at increasing the structural efficiency of the 
equipment. In real-life operating conditions, traditional methods for assessing 
modern passenger car designs need to be improved. One of the ways to solve the 
problem is to use mathematical models of the relevant processes using information 
technology. This article provides software for modeling the fuel efficiency of passenger 
cars during the driving cycle. 
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Currently, the number of models and modifications of passenger cars in the 
world exceeds 3000. Their production volume is more than 75% of the 89.7 million 
total production volume, including trucks and buses [4].  In terms of the volume of 
petroleum products used by motor vehicles, passenger cars account for 67% [5]. The 
majority of passenger cars are operated in urban environments. 

Ensuring the fuel efficiency of cars is an urgent task of our time and depends on 
many factors, in particular on operating conditions. The fuel efficiency of vehicles 
operated in various conditions is usually determined using international driving cycles 
[2, p. 93]. The standard driving cycle expresses the sequence of modes (stopping, 
accelerating, braking and moving at a constant speed) according to the degree of traffic 
congestion during the operation of the vehicle over time (Fig. 1). For the purpose of 
comparatively assessing the fuel efficiency of vehicles, this method relatively covers 
large-scale and varied operating conditions. Skills have been developed to assess the 
level of perfection of cars using fuel efficiency indicators based on general driving 
cycles [2, p. 12]. 

The increase in the number of cars in cities, traffic intensity and traffic density, 
and the difference in average speeds [4] determine the need to continue research in 
the direction of increasing fuel efficiency. Therefore, the development of a standard 
driving cycle that expresses the characteristics of specific urban conditions and 
determining fuel consumption using the developed driving cycle is relevant. 
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Fig 1. Standardized European urban driving cycle 

It is known that the fuel efficiency indicators of passenger cars are different 
under the same driving conditions, and also each car is differently adapted to driving 
conditions in terms of fuel consumption. 

Choosing an economical car for specific driving conditions and justifying its 
parameters requires complex, long-term experimental studies and processing of 
voluminous statistical data of the research results. Solving the problem is possible 
using modern information technologies and mathematical modeling methods with the 
development of their software. 

For these purposes, we have developed software using the “Microsoft Visual” 
studio application. The developed software is designed to select an efficient passenger 
car for specific driving conditions, as well as to select effective driving conditions for 
specific vehicles. In addition, it is possible to assess the complexity of the traffic 
conditions. 

Below is the main software window for selecting the appropriate performance 
evaluation mode (Fig. 2): 

- Mode 1. Selecting an efficient vehicle for specific traffic conditions; 
- Mode 2. Selecting an efficient traffic condition for a specific vehicle; 
- Mode 3. Assessing the degree of difficulty of the traffic condition. 

 
Fig. 2. View of the main software window  
Mode 1. To determine an effective car in specific driving conditions, it is 

necessary to select a driving cycle (Fig. 3), which simulates the driving conditions of 
cars, as well as two different brands of cars. Currently, there are more than 55 standard 
driving cycles and many car models in the world, the parameters of which are entered 
into the software database. Initial vehicle data includes the following technical 
parameters: 𝑁𝑒- maximum engine power,[кВт]; 𝑀𝑒- Maximum engine torque, [Нм]; 
𝑤𝑁- maximum angular velocity of the crankshaft, [с-1]; 𝑚𝑎- Gross vehicle weight [кг]; 
В- car width, [м]; Н- car height, [м]; 𝑈𝑜- final drive ratio; 𝑈кп- gear ratio of the gearbox; 
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Fig 3. General view of the first calculation mode window 

Therefore, when you click the ‘calculate’ button, the program calculates the 
required values in the following order: 

а. Determination of crankshaft angular velocity e
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Here: aV - vehicle speed (the angular velocity of the crankshaft is determined for 

each vehicle speed given in the driving cycle every second); 

0U  - final drive ratio; 

кпU  - gear ratio of the gearbox (in the driving cycle, the gear shift time is 

standardized according to the vehicle speed. Therefore, on the first mode window 
there is an item for entering the vehicle speed in m/s, at which the gearbox operating 
mode changes); 

kr  - wheel rolling radius. 

+= Bdrk 5,0 ; [ м ] 

Here: d – rim diameter; B – tire section width;  – tire profile radial 

deformation coefficient; 
B

H
=  – profile height to width ratio; −cм  coefficient of 

vertical deformation of a tire (for passenger cars  см = 0,85…0,9). 
b. Determination of fuel consumption. The vehicle's fuel consumption 

varies depending on the driving mode (idling, accelerating, decelerating, 
driving at a constant speed). Therefore, it is necessary to determine the vehicle’s 
driving modes during the driving cycle as follows: 

- engine idle condition 01 == +nn VV ; 

- condition of the vehicle acceleration mode 1+nn VV  ; 

- condition of the vehicle deceleration mode 1+nn VV  ; 

- condition of the vehicle moving at a constant speed 01 = +nn VV . 

Fuel consumption in idling mode per second is determined by the formula 
obtained by approximating experimental data: 
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here: хх - angular velocity of the crankshaft in idle mode. 

In deceleration mode, the engine is disconnected from the transmission and 
goes into idle mode. Therefore, the condition for determining fuel consumption for the 
deceleration mode is determined similarly to the idle mode. In addition, modern 
power systems for injection engines have a forced idle mode, in which the fuel supply 
is turned off up to a certain angular speed of the crankshaft, which will also be taken 
into account in future program updates. 

Fuel consumption when the vehicle is moving at a constant vehicle speed is 
determined by the formula [2]: 

3600


=

ТР

ek
T

gN
G


;[ сгр ] 

here: ТР - Transmission efficiency; 

Nк  – power supplied to the drive wheels. When driving at constant vehicle 
speeds, this indicator is determined as follows: 
Nк = (𝑚𝑎 ∙ 𝑔 ∙ 𝜓 ∙ 𝑉𝑎 + 0.78 ∙ 𝐵 ∙ 𝐻 ∙ kв ∙ 𝑉𝑎

3)/1000;  [кВт] 

here: – road drag coefficient; am – vehicle weight, [кг]; 𝑔  – free fall 

acceleration 9.81 [м/ 2c ]; aV - steady car speed [м/ c ]; Н– car height, [м]; В – car width, 

[м]; kв – air resistance coefficient, [ 42 / мС ]; 

eg - specific fuel consumption, кг квт ∙ ч⁄  

ККgg Иene = ;   [кг квт ∙ ч⁄ ] 

Here: eng – specific fuel consumption at maximum power, g/kW∙hour;   – 

coefficient of relationship between crankshaft angular velocity and specific fuel 
consumption. 

1.33 + 1.34 - 1.01 = K 2  ; 

here: Ne  /=  - relative angular velocity of the engine shaft. 

−e  crankshaft angular velocity, 1−c ; −N  maximum angular speed of the 

crankshaft, 1−c ; И – coefficient of relationship between the degree of engine power 

utilization and specific fuel consumption. 

2.4 + 3.83 - 2.43 = K 2 ИИИ ; 

here: И – engine power utilization rate 

И =
𝑚𝑎 ∙ 𝑔 ∙ 𝜓 ∙ 𝑉𝑎 + 0.78 ∙ 𝐵 ∙ 𝐻 ∙ kв ∙ 𝑉𝑎

3

𝑀𝑒(−1.4561 ∙  2 + 1.8582 ∙  + 0.58739)𝜔𝑒 ТР
; 

here:𝑀𝑒 – maximum engine torque, Нм; 
Fuel consumption in vehicle acceleration mode is determined by the formula 

[2]: 
( ) ( )

t
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Q kHHk
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here: HV – initial vehicle speed; 

kV – final speed of the car; 

t – acceleration time (the vehicle's fuel consumption is calculated for every 
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second, so acceleration time can be ignored); 

H – fuel consumption coefficient at the vehicle's initial speed; 

k – vehicle final speed fuel consumption coefficient. 

 – determines fuel consumption per unit increment of vehicle speed and is 

determined as follows: 

aT jG /= ;  [ мcгр  ] 

here: aj – car acceleration 
( )

t

VV
j Hk
a

−
= [м/ 2c ]; 

TG – hourly fuel consumption [ сгр ] 

3600
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here: Nк – power supplied to the drive wheels. When a car is accelerating, this 
indicator is determined as follows: 

Nк = ( )aaврaaaaв VmjVgmVFk ++ 3 /1000;  [кВт] 

here: вр – rotating mass factor, 2*04,004,1 iвр U+= ; 

v. Determination of the vehicle's distance traveled: 
𝑆 = 𝑉𝑎𝑡; [м] 
The distance traveled by the car must be determined for each second to build a 

graph 𝑆 = 𝑓(𝑡), as well as the total distance of the vehicle along the driving cycle. 
g. Determination of acceleration (deceleration) of a car: 

𝐽𝑎 =
𝑉𝐾 − 𝑉𝐻

𝑡
; [м/𝑐2] 

here: 𝑉𝐾 - final speed of the car; 𝑉𝐻 - initial vehicle speed. 
The acceleration or deceleration of the car must be determined for each second 

to build a graph 𝐽𝑎 = 𝑓(𝑡) , as well as the maximum and minimum values of 
acceleration and deceleration of the vehicle during the driving cycle. 

d. Determination of the average speed of the car: 

Vаср =
∑ S

∑ t
;      m/c 

The calculation results are reflected in graphical and digital form. As can be seen 
in Fig. 3 there are 4 graphics, one of which standardly shows the driving cycle, that is 
𝑉𝑎 = 𝑓(𝑡), the remaining 3 graphics are at the user's discretion selected from a number 
of the following functions:𝑆 = 𝑓(𝑡);  𝐽𝑎 = 𝑓(𝑡); 𝑁𝑒 = 𝑓(𝑡); 𝑁𝑘 = 𝑓(𝑡); 𝑄𝑠 = 𝑓(𝑡); Σ𝑄𝑠 =
𝑓(𝑡); 𝜔𝑒 = 𝑓(𝑡). The graphs show the results of two cars for comparison. In this case, 
the time scale on the display is 60 s. You can use the cursor to view other results.  

Values in digital form are intended for viewing the following summary results: 
𝑉𝑎ср,𝑆,𝑡,и fuel consumption of two cars 𝑄𝑠. 

For thorough analysis, all calculation results must be exported to Microsoft 
Excel format. 

Mode 2. To determine the effective driving conditions for a specific vehicle, it is 
necessary to select (Fig. 4) two different driving cycles and one vehicle.  
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Fig 4. General view of the second calculation mode window 
The calculation of the results of cut 2 is identical to cut 1. 
The following final results are displayed digitally:  
𝑉𝑎ср, 𝑆, 𝑡, 𝑄𝑠 for two driving cycles. 

Mode 3. Determining the complexity of movement in driving cycles. The 
movement of a car on the driving cycle is accompanied by a change in the driving mode, 
which creates a multifactorial task in determining the complexity of movement. But it 
is known that factors affecting the car ultimately affect fuel consumption. Taking this 
into account, it is proposed to evaluate the difficulty of movement on the driving cycle 
for the selected vehicle by relative fuel consumption. 

To determine the complexity of the movement, a driving cycle and a vehicle are 
selected (Fig. 5) and, according to mode 1, the fuel consumption of the vehicle is 
determined esQ .  

 
Fig 5. General view of the third calculation mode window 

It is known that the effective value of fuel consumption corresponds to the 
vehicle driving at a constant speed. Therefore, to determine the effective fuel 
consumption of a vehicle, the average speed during the driving cycle is calculated. 

Taking the value of the average speed during the driving cycle as a constant 
speed during the time t of the entire driving cycle, the fuel consumption of the vehicle 
is determined. A certain fuel consumption value is considered effective for a selected 
vehicle on a given driving cycle. 

Taking into account the above, it has been established that the degree of 
complexity of the driving cycle for the selected vehicle is determined by the following 
expression 
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Vasr

es

Q

Q
=  

According to the expression, minimizing the degree of complexity of the driving 
cycle in specific urban conditions is achieved by improving the organization of traffic 
and the transport infrastructure of the city or by choosing a vehicle more adapted to 
the existing traffic conditions. 

The developed software can be used to analyze and improve the city’s transport 
infrastructure, in order to ensure economic and environmental safety, as well as to 
select the most suitable vehicle in terms of fuel efficiency for specific urban operating 
conditions. 
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