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Abstract. The purpose of the article is to compare the technical and energy parameters of the 
diesel train DPKr-2 and the railbus 620M based on traction calculations using mathematical 
modeling when solving the train movement equation. The mathematical model of the train is 
adapted to determine the movement parameters of the specified rolling stock units according to 
different variable phase coordinates for different movement modes. To achieve this purpose, the 
authors used methods of system analysis, nonlinear programming, and numerical methods for 
solving differential equations. The accuracy of the calculations was verified using simulation 
modeling methods and compared with experimental data. To analyze the results, the obtained 
indicators of traction calculations – technical speed and specific consumption of diesel fuel – 
were compared. As a result of the comparison, the specific fuel consumption per ton-kilometer 
meter, a significant saving of energy resources is observed. Comparative specific fuel 
consumption per passenger-kilometer meter, on the contrary, indicates an increase in the 
consumption of energy resources. The mathematical model of the train is adapted to determine 
the movement parameters of diesel trains and rail buses according to different variable phase 
coordinates for different drive modes. The practical significance lies in determining the 
efficiency indicators of the use of different types of rolling stock on the railways of Ukraine, 
taking into account economic, social and migration factors. 

1 Introduction 
The use of one or another type of rolling stock in the 
transportation of passengers and cargo must be justified 
by many factors, such as the volume of transportation, 
weight of the stock, speed of movement, organization of 
operational work, electrification of areas, logistical 
factors, etc. There are quite a few approaches to solving 
this problem, in particular, some of these problems are 
covered in [1, 2, 3]. 

To determine the energy efficiency indicators of the 
DPKR-2 diesel train and the 620M rail bus, we will 
consider and compare their technical and energy 
parameters. 

Technical and energy parameters of the rail bus 
620M [4]. The rail bus 620M is manufactured by "PESA 
Bydgoszcz JSC" and designed for suburban and 
interregional passenger transportation. The body of a 
wagon-type rail bus is a closed load-bearing structure 
that rests on two-axle bogies by means of pneumatic 
springs (air cushion). Both bogies are equipped with disc 

brakes (two discs per axle). 
The rail bus 620M uses spring-loaded parking brakes 

and safety brakes (emergency brakes). The electro-
pneumatic brake and safety brakes affect the brake discs 
of the bogies. 

The rail bus is driven by an internal combustion 
engine, type D2876LUE623 from MAN Company with a 
hydrodynamic transmission, type Voith T211. Thermal 
energy from the internal combustion engine cooling 
system is used to heat the passenger compartment. In 
addition to this source, heat for heating the passenger 
compartment is used from a water heating device 
(Webasto Thermo 350 Company). This is a closed 
heating system with heaters located along the walls. The 
driver's cabin is heated by the flow of warm air from the 
water heater. 

The rail bus 620M has an entrance door with an 
electric drive. They are closed and opened individually 
by pressing the internal or external buttons located in the 
door panel. They are equipped with a passenger 
compression control system during closing. The rail bus 
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has built-in blind windows, which are also emergency 
exits, as well as blind windows with a hinged top part. 
The bus is also equipped with a public address system 
for passengers. 

It is equipped with a complete system for diagnosing 
electrical systems and fire detection systems in the car 
and the engine chamber. 

The maximum output power of the diesel engine is 
315 kW at a diesel shaft speed of 1900 min-1. The weight 
of the bus is 55 tons, the adhesive weight is 2x16 tons. 
The maximum speed of the bus is 120 km/h. The 
calculated traction characteristic of the bus with a wheel 
diameter of 840 mm is shown in figure 2. 

The torque transmission takes place in two 
hydrodynamic stages. The hydrodynamic transmission is 
equipped with an integrated microprocessor control 
system that takes over the functions of control, 
monitoring (diagnostics) and operation. 

The control system of the power unit is connected to 
the general bus control system and ensures the execution 
of the driver's commands, the adaptation of diesel 
operation modes to traffic conditions, as well as the 
registration of failures in the operation of the diesel 
engine, transmission, and auxiliary units. Technical data 
of the rail bus 620M are given in table 1, and technical-
energy characteristics are in figure 1. 

Table 1. Comparison of rolling stock technical data 

Parameter 
Parameter value by rolling stock 

type 
620M DPKr-2 

Class of service passenger passenger 
Track width, mm 1520 1520 
Design speed, km/h 120 150 

Axial formula 20-2 (2-20)+(20-
2)+(20-2) 

Service weight, tons 55,6 264 
Seating accommodation, 
people 95 289 

Number of doors 2 2 

Diesel type D2876LUE623 3 x Voith 
R2876T3-390 

Diesel power, kW 338 390 
Type of hydraulic 
transmission T211 SK456 

The length of the mobile 
unit along the axles of the 
automatic couplers, m 

27.5 73.56 

The tread diameter of the 
wheel, m 0.84 0.957 

Technical and energy parameters of the diesel train 
DPKr-2 [5, 6, 7]. The diesel train is designed for the 
transportation of passengers in suburban and 
interregional traffic on sections of railways with a gauge 
of 1520 mm without electrification, equipped with both 
high and low platforms. The train can be operated at 
temperatures from -50 to +50 Celcius degrees. The 
operational speed of the train is 140 km/h, the design 
speed is 154 km/h. The technical data and formation of 
the diesel train DPKr-2 are given in table 1, and 
technical-energy characteristics are in figure 2. 

 
 – Tangential traction force, kN,  

 – Main movement resistance, kN 

Fig. 1. Technical and energy characteristics of the rail bus 620M 

 
 – Tangential traction force, kN,  

 – Main movement resistance, kN 

Fig. 2. Technical and energy characteristics  
of the DPKr-2 diesel train 

2 Methodology 

The prime specific resistance of the entire train when 
traveling along a straight horizontal track while idling 
we calculate using the formula [8] 

 

(

( )20,5
0.00981

100

rb rb rb rb

w

w i m r m

C A V B

= ⋅ + ⋅ +

⋅ ⋅ ⋅ + +



, (1) 

where i  – the value of the slope of the track profile, ‰; 
rbm  – the mass of the rail bus, tons; rbr  – constant for 

the main specific resistance of a rail bus, rbr  = 2.5 kg/t; 

wC  – aerodynamic drag coefficient, wC  = 0.62; A  – 
the area of the front wall of the bus cabin, A  = 11 m2; 
B  – constant movement, B  = 12 km/h. 

All calculation results are given in tables 2, 3. Based 
on the data in the tables, a diagram of the specific net 
forces for the traction mode was constructed 

( )0 1gf f Vω− = , idler mode ( )0 2х f Vω =  and service 

braking mode ( )0 30,5х гb f Vω + =  (fig. 3, 4).  
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Table 2. Calculation results of the diagram for the specific net 
forces of the rail bus 620M 

Spe
ed, 
km/

h 

Tracti
on 

force,  
kN 

Specific 
movement 
resistance, 

N/kN 

The difference in 
the specific force 

of traction and 
movement 

resistance, N/kN 

Specifi
c 

braking 
force, 
N/kN 

Specific 
braking force 

during 
adjusting 

braking, N/kN 
0 37 2.59 65.25 158.4 81.8 
10 33 2.80 58.26 149.1 77.3 
20 29 3.13 50.41 141.7 74.0 
30 25 3.58 42.25 135.8 71.5 
40 21 4.16 33.43 130.9 69.6 
50 17 4.86 26.31 126.7 68.2 
60 15 5.68 20.90 123.2 67.3 
70 13 6.62 16.29 120.2 66.7 
80 11 7.69 12.48 117.5 66.5 
90 10 8.88 8.90 115.2 66.5 

100 9 10.19 6.31 113.1 66.8 
110 9 11.63 4.41 111.3 67.3 
120 8 13.19 1.48 109.7 68.0 
130 8 14.87 -1.12 108.2 69.0 

Table 3. Calculation results of the diagram for the specific net 
forces of DPKr-2 

Spe
ed, 
km/

h 

Tracti
on 

force,  
kN 

Specific 
traction 
force, 
N/kN 

The difference in 
the specific force 

of traction and 
movement 

resistance, N/kN 

Specific 
braking 
force, 
N/kN 

Specific 
braking force 

during 
adjusting 

braking, N/kN 
0 131 50.6 48.06 100.1 52.6 
10 116 44.8 42.23 94.2 49.7 
20 98 37.8 35.21 89.5 47.4 
30 82 31.7 28.93 85.8 45.6 
40 69 26.6 23.79 82.7 44.2 
50 58 22.4 19.40 80.1 43.0 
60 50 19.3 16.14 77.8 42.1 
70 43 16.6 13.23 75.9 41.3 
80 37 14.3 10.69 74.3 40.7 
90 32 12.4 8.51 72.8 40.2 

100 29 11.2 7.08 71.5 39.9 
110 28 10.8 6.39 70.3 39.6 
120 27 10.4 5.67 69.3 39.4 
130 26 10.0 4.93 68.3 39.3 
140 24 9.27 3.78 67.5 39.2 

Construction of train trajectories. To calculate the 
movement of the train in the traction mode, it is 
necessary to first determine the net forces 0дf w− , 
which we will define пf . To use the principle of small 
deviations, we will perform a piecewise linear 
approximation of the diagram, guided by the rules of 
linearization.  

For this purpose, let us divide the abscissa axis into 
speed intervals 01 1 0v v v∆ = − , 12 2 1v v v∆ = −  and etc. 
We will find the average speeds in each interval:  

 
 – Specific traction force, N/kN,  – Specific 

movement resistance, N/kN,  – Specific movement 
resistance + 0.5 of braking force, N/kN 

Fig. 3. Diagram of the specific net forces of the rail bus 620M 

 
 – Specific traction force, N/kN,  – Specific 

movement resistance, N/kN,  – Specific movement 
resistance + 0.5 of braking force, N/kN 

Fig. 4. Diagram of the specific net forces 
of the DPKr-2 diesel train 

 1 2
12 2

v vv +
∆ =  (2) 

and, accordingly, determine the net forces пf  from 
the diagram. We accept the forces as constant in the 
intervals and on this basis obtain a piecewise linear 
dependence ( )пf v . We use the results of the 
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approximation to solve the differential equation of 
movement. 

The solution of the equation of train movement in 
terms of time and speed. Let us take the speed interval at 
the beginning of the train movement 01v∆  and within its 
limits, we find net forces 01пf . We will rearrange the 
variables of the equation and take the integrand 

( ) 1
01yfζ

−
out of the integral sign on the basis that 

within the speed interval 01v∆  it is assumed to be 
constant. 

 
1 1

00
01

1t v

yt v
dt dv

fζ
=∫ ∫ . (3) 

Expressing the speed in km/h, and the net force in 
N/t and integrating the equation of movement, we obtain 
an expression for determining the time of train 
movement: 

 1 1
01 1 0

01

( )

y

v vt t t
fζ
−

∆ = − = .  (4) 

If we take into account the value ζ  in km/h2 [9, 10], 
then the movement time per hour will be equal to: 

 1 0
01

01

( )
0,0817

y

v v
t

f
−

∆ = ⋅ . (5) 

Using these formulas, one can determine the time 
required to increase the speed from 0v  to nv . 

Integrating the equation of train movement along the 
distance and speed. In order to introduce the distance 
into the equation of movement, multiply and divide the 
left side of the equation by ds : 

 y
dv ds f
dt ds

ζ⋅ = , (6) 

where 

 y
dv ds dvv f
ds dt ds

ζ⋅ = ⋅ = . (7) 

After rearranging the variables, we obtain 
/ yds vdv fζ= . Let us find the integral of the speed at 

the beginning of the movement from 0v  to 1v , and 
determine the average speed 

 0 1
01 2

v v
v

+
=   (8) 

and on the diagram of net forces we will find the force 
01yf  corresponding to it. 
By substituting the values ζ  into the equation in 

km/h2, we get the distance traveled by the train when the 
speed changes from 0v  to 1v  in meters 

 
( )2 2

1 0
01 1 0

01

40.85

2 y

v v
s s s

fζ

⋅ −
∆ = − =

⋅
. (9) 

In a similar way, we will determine the distance 
traveled is∆  for the following speed intervals and by 
addition we will find the distance s , traveled by the train 
when increasing the speed from 0v  to nv : 

 
0

, 1,  2,  ...,  ,
i n

i
i

s s i n
=

=
= ∆ =∑  (10) 

where n  – the number of speed intervals. 
Integrating the equation of train movement along the 

distance and time. Let us calculate the speed interval 
1 0v v− : 

 
( ) ( )1 0 1 0

01 7.2
v v t t

s
+ ⋅ −

∆ = . (11) 

According to this formula, the distance traveled by 
the train is determined, if the time and the change in 
speed during this time are given. 

For a relatively small amount of traction 
calculations, PCs have been widely used. At the same 
time, formulas obtained as a result of analytical 
integrating the equation of movement are used, reduced 
to a form convenient for use [11, 12]. 

At low speeds (up to 15-20 km/h) in compliance with 
the Rules of Traction Calculations, the speed is taken as 
an independent variable. Then we will determine the 
distance increment by the formula: 

 
( ) ( )1 0 1 0

2 y

v v v v
s

fζ
+ ⋅ −

∆ = . (12) 

For computer calculations, we accept the speed 
interval (integration step) 2v∆ =  km/h. Given, that 

1 0v v v− = ∆ , and 1 0 02v v v v+ = + ∆  

 
( )02

2 y

v v v
s

fζ
+ ∆ ⋅∆

∆ = . (13) 

By substituting the value ζ  in it, we obtain a 
calculation formula for determining the distance 
increment: 

 
( )0 1

0.1634
y

v
s

f
+

∆ = ⋅ . (14) 

At speeds greater than 15-25 km/h, the distance is 
taken as the independent variable, and 0,05s∆ =  km as 
the integration step and according to the equation of 
movement, expressed in finite increments, yv f tζ∆ = ∆ . 

But since that /t s v∆ = ∆ , the formula will be: 

 
0,612 yf

v
v

∆ = . (15) 
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The time in minutes at the integration step of 
0,05s∆ = km in the entire speed range can be calculated 

using the formula [13]: 

 60 3st
v v
⋅ ∆

∆ = = . (16) 

The graphs of constructing the speed curves and the 
time of the train movement accordingly the track profile 
(table 4) are shown in figures 5, 6.  

Table 4. A fragment of the track profile on section I. - K. 

i, 
‰ 

l, m i, 
‰ 

l, m i, 
‰ 

l, m i, 
‰ 

l, m 

0 500 5.6 110 -7.9 300 0 400 
0.7 350 2.5 190 -8.7 200 -1.2 110 
1.2 250 4.7 140 -6.1 100 0 150 
1.8 300 1.9 280 -10 100 -0.7 200 
2.6 300 3.2 480 -8.3 170 -1.9 300 
3.8 280 2.8 350 -7.5 330 0 100 
2.2 270 1.2 370 -6.4 250 -4 300 
5.1 200 0 180 -2 250 -2.2 200 
0 410 1.6 700 1.9 100 -5.1 150 

2.1 140 … … 4 140 0 150 

 
speed, km/h;  – time, 10 min 

Fig. 5. A fragment of the graph for constructing curves of 
speed and travel time of the rail bus 620M 

After constructing the time curve, we determine the 
running time along the routes and the technical speed 

ТV  on the section [14, 15, 16]. We summarize all the 
data in the table 5, at that we take the calculated data on 
the curve ( )t f S= . 

Technical speed ТV  of rolling stock on the section in 
km/h 

 
1 2

60
Т

LV
t t
⋅

=
+

, (17) 

where 1t  and 2t  – respectively, train running times on 

the first and second routes of the given section, hours; L  
– length of the section, km (distance between the axes of 
the boundary stations for the given section). 

 
speed, km/h;  – time, 10 min 

Fig. 6. A fragment of the graph for constructing curves of 
speed and travel time of the diesel train DPKr-2 

Table 5. Calculation of train running time 
along the route on section I. – K. 

Route Length, m 
Travel time by type of 

rolling stock, min. 
620М DPKr-2 

I.-F. –Kh. 4194.1 4.41 4.63 
Kh. – K. 51170.5 45.69 45.47 

Along the 
section 

55264.6 50.1 50.1 

 55.264 60 66.2
50.1ТV ⋅

= =  km/h. 

The technical speed of movement of all trains on 
the section is the same, since the running time is adjusted 
according to the traffic schedule [17, 18]. 

The consumption of diesel fuel by rolling stock at a 
given section [19, 20] in kg is determined by the formula 

 т xE P q t p q t= ⋅ ⋅ + ⋅ ⋅ , (18) 

where P  – power of diesel engines in traction mode at 
maximum power, kW; p  – engine power in stopping 
regime, kW, for 620M – 12% from the nominal, DPKr-
2– 12,6%; q  – specific consumption of diesel fuel by 
rolling stock, g/kWh per hour; Tt  – total time of 
operation of the rolling stock in traction mode, minutes; 

хt  – the total time of train movement in the mode of 
idling and braking, minutes. 

The operating time of the rolling stock Tt  and хt  is 
determined by the time curve ( )t f S=  and the marks 
on the change in the operating mode of the diesel 
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locomotive on the speed curve ( )V f S= . 

3 Results 

The fuel consumption of a locomotive per unit of 
transportation work is an important indicator that makes 
it possible to assess the economy of transportation, the 
relevance of using a specific type of traction rolling 
stock under specific conditions (weight of the stock, 
track profile, speed limit, etc.), as well as a number of 
other indicators. 

The specific fuel consumption [21] т кмe −  per meter, 
kg/104 tkm is determined by the formula 

 410т км
Ee

Q L− = ⋅
⋅

, (19) 

where L – is the length of the section for which traction 
calculations were made in km.  

For rail bus 620М: 

620 229 18.3315
1000 60

229 50.1 18.3315 0.12 26.6 kg;
1000 60

ME = ⋅ ⋅ +

−
+ ⋅ ⋅ ⋅ =

 

620 426.6 10 86.6
55.6 55.264

M
т кмe − = ⋅ =

⋅
 kg/104 tkm. 

For diesel train DPKr-2: 

2 215 16,71170
1000 60

215 50,1 16,71170 0,126 87.8 kg;
1000 60

DPKrE − = ⋅ ⋅ +

−
+ ⋅ ⋅ ⋅ =

 

2 487.8 10 60.2
264 55.264

D
т к

Kr
м

Pe −
− = ⋅ =

⋅
 kg/104 tkm. 

The specific fuel consumption п кмe −  per passenger-
km is determined by the formula 

п км
Ee

N L− =
⋅

, 

where N  – number of passenger seats; for rail bus 
620M – 95, DPKr-2 – 289 passenger seats. 

620 426.6 50.7 10
95 55.264

М
п кмe −
− = = ⋅

⋅
 kg/pass. km; 

2 487.8 55.0 10
289 55.264к

Kr
т
D

м
Pe − −
− = = ⋅

⋅
 kg/pass. km. 

4 Conclusions 

Based on the analysis of traction calculations to 
determine the energy efficiency in operation of the diesel 

train DPKr-2 compared to the rail bus 620M, the 
following conclusions can be drawn. 

The energy efficiency of the diesel train DPKr-2 
manufactured by “Kriukiv Railway Car Building Works” 
PJSC was compared with the rail bus 620M 
manufactured by PESA Bydgoszcz JSC. On the ground 
of track profiles of service sections, passport data on fuel 
consumption and actual train running time, energy 
efficiency indicators were determined on the basis of 
traction calculations using a numerical method for 
solving the equation of train movement and adjusting the 
train running time according to the train schedule.  

The obtained results of traction calculations, namely 
the consumption of diesel fuel by rolling stock on a 
given section, indicate the following data: 
– the specific fuel consumption of the 620M rail bus is 

620 86.6M
т кмe − =  kg/104 tkm; diesel train DPKr-2 is 
DPKr 2 60.2т кмe −
− =  kg/104 tkm; 

– specific fuel consumption per passenger-km of rail bus 
620M is 620 450.7 10M

п кмe −
− = ⋅  kg/pass. km; diesel train 

DPKr-2 is 2 455.0 10т
D r

к
PK

мe − −
− = ⋅  kg/pass. km. 

When comparing the specific fuel consumption per 
104 tkm, there is a significant saving of energy resources 
of up to 30%. Comparison of the specific fuel 
consumption per passenger-km, on the contrary, 
indicates an increase in consumption to 8%. 
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