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CEKIUs1/ SECTION 1
KeuikTi maiigajany :oHe ’KYK KO3FAJIbIChl MEH TAChIMAJAAY/1bl YHBIMIACTHIPY/
Opranunsanus nepeBo3oK, IBMKeHUs M IKCILIyaTanus Tpancnopra/Organization of
transport, traffic and transport operation

UDK656.22.05

STUDIES OF THE BASIC SPECIFIC TRAFFIC RESISTANCE OF DIFFERENT TYPES
OF FREIGHT CARS

Masharipov M.N., Arpabekov M.l1., Suyunbayev Sh.M.
E-mail: masudcha@mail.ru, arpabekov_m@mail.ru, shinbolat_84@mail.ru
PhD, Dean of the Faculty of Economics, Tashkent State Transport University, Tashkent,
Uzbekistan
D.t.s., professor, head of departmentL.N. GumilyovEurasian National University, Astana,
Kazakhstan
D.t.s., professorTashkent State Transport University, Tashkent, Uzbekistan

Abstract. The primary specific resistance to the movement of freight wagons is a key
parameter for normalizing the time and energy consumption of trains. Although the "Rules of
Traction Calculations” calls for dividing wagons into six groups when calculating this resistance, in
practice (using the traditional method), appropria teregulations are developed based on the
separation of train wagons into two groups (4th and 8th lips). One of the main reasons for this is the
inability to account for the unique features of each wagon in a given train. To address this issue, a
program was developed for determining the necessary parameters of wagons for traction
calculations based on their identification numbers. This soft ware can be accessed through the
website https://trainlocomotive.netlife.app/. Using this program, a method for calculating the
primary specific resistance to the movement of freight wagons has been developed. Field sheets of
freight it trains moving through the Uzbekistan Temir Yullari railway station were analyzed. As a
result, it was discovered that nearly half of the freight train composition consists of empty wagons,
while the proportion of loaded gondola cars and tanks is 23%. The primary specific resistance to the
movement of wagons in such a mixed composition is calculated using both traditional and
developed methods.

Introduction

In the calculation of the operating costs of railway transport, the movement of locomotives
and wagons is considered as one of the main accounting elements. In order to increase the capacity
of railway sections and optimize the technical and economic calculations related to the
transportation of trains, it is necessary to correctly calculate the movement of the train. Currently,
research has been carried out on the technical and economic importance of the fundamental
resistance of wagons to movement, and a number of scientific studies have been conducted to
investigate energy consumption issues. For example, in [1], the results of the initial hase of
investigating train resistance are presented. Formulas for determining train resistance have been
analyzed by researchers in the US and abroad, and factors that cause significant variations in
different formulas have been discussed. Various models that take into account t atmospheric
resistance in determining train resistance have been developed using computer programs that
consider various factors. The article titled [2], investigates the impact of aerodynamic phenomena
on the resistance and fuel consumption of vehicles equipped with dieselengines managed by
Romanian railway companies. The study concludes that the resistance characteristics have a direct
impact on fuel consumption and that the minimum fuel consumption is achieved with minimal
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resistance. Furthermore, it was observed that at speeds above 85 km/h, the over all resistance value
is significantly reduced.

In the field of train operations, a series of scientific works have been carried out to optimize
the movement of trains based on the calculations made by our country's scientists [3-5]. However,
in the process of implementing the seoptimization calculations, the basic principle of considering all
types of wagons when calculating the resistance to movement has not been taken into account.

Automating the process of determining the primary resistance of various types of freight
wagons to train movement

“According to the information brochure on the 8-unit system for numbering freight cars,
freight cars with a gauge of 1520 mm are classified into 6 types (covered wagons, flatcars, open-top
wagons, tank cars, hopper cars, and others) [6]. The “Rules for Calculating Train Operations” that
have been produced up to this day were analyzed [7-8]. As a result, it was determined that the
parameters necessary for calculating the movement resistance of cars are divided into 6 groups in
the car rolling calculations to calculate the basic resistance to train movement of freight cars. In this
case, all calculations are performed for 2 types of railway tracks (with and without a ballast) and 2
types of bearings (roller bearings and plain bearings) for freight cars. Investigations were carried
out taking into account the cargo parameters in the territory of the Uzbekistan Railways JSC for
freight cars with plain tracks and roller bearings. The movement resistance to train movement of
freight cars is calculated as follows for the 6 groups mentioned above when the speed (v) is reached:

First group - four-axle open half-car (pv) wagons, the weight of which exceeds the load
capacity of six tons per axle (q):

rnig=e) _ 3.6+ 0,08 -2+0,002 7527
wpva — 093+ —5¢ , N/KN (1)
Tp.pv.a

Second group - tank wagons with a carrying capacity of more than six tons, designed to be
loaded with liquids or gases (sys) that are subject to regulation by weight:

nig=a) _ 2,925 +0,047 3-v+0,002 7510
a.sys.d 0,642 + Q=6 ) N/KN (2)
Tosys.a

The third group - flatbeds (pl), covered wagons (kr), and other wagons (pr) with a load
capacity of more than six tons that can be carried by a single ox:

r{g=6) 340, 1-w+0,0025=°

=0,7 + 22222 , N/KN 3)

o.plir.pr.a

a.pl.krpr.4

Fourth group - empty four-axle wagons with a weight capacity less than six tons per axle:

"%€) = 1,0 + 0,044 v 4 0,00024 - v2, N/kN @)
The fifth group is eight-axle wagons:
w;,-ls — l:l,? + 6+D,D3??-1i+l},ﬂll}214-u ’ N/kN (5)

Qo2

The sixth group - Refrigerated cars (rf) with a capacity of more than six tons, carrying goods
that require cooling during transportation:

[ . IS5 .o
ig=6) = 0,68 + 3+0.1 LtD;DEII} 55-v ’ N/KN (6)
arf qc?.rf

If a train consists of k (k=1+6)groups of cars, the basic braking force of the freight cars in the
train is calculated as follows

rlg=el rigzel - g=6

L o
T Mapra “Qhr.pu.4+mll-5}‘-5 2 “Qhr.sy.s.d.
g = +
E@hr
rlg=gl o @FE MEE6E) p 036, 1 o rigxel o g=e
o aplikr.pra “Qhr.pt.kr_pr.4+ma4 Ry et Cas “Qhr-s+ma.rf “Qbr.r‘f N/KN (7)
E'Qbr ,

here,£@,,. — represents the gross weight of the train

To calculate the rolling resistance of the wagons in motion, the wagons are divided into two
groups, namely, four-axle and eight-axle wagons, in order to perform the current calculations. Their
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values are determined using formulas (3) and (5), respectively. [9-10]. The main reason for this is
the complexity of identifying the contribution of different types of wagons in the composition of the
train.

In operation, each freight train consists of different types of wagons and compositions loaded
with different types of cargo. These, in turn, form trains with the same number of wagons made up
of the same type. This allows for varying energy consumption in the different freight trains
composed of similar sets of wagons. To calculate the operating costs for each train composition, the
relevant parameters of the wagons in the composition (type, number of axles, length, and weight)
and the weight of the cargo (net) must be determined through the calculation of the transport
accounts. The parameters of the wagons are identified by their numbers, and the weight of the cargo
can be determined based on the natural gauge of the train.

A database of the parameters for all six types of freight wagons was developed based on the
“Manual for the Classification of Freight Wagons with 1520 mm Gauge and an 8-digit Numbering
System”. Using this database, a program was developed to identify the necessary parameters for the
calculation of the transport accounts based on the wagon number.

A fragment of the results obtained from using the developed program can be seen in Figure 1.
The program developed for the EHM calculates the following parameters in an automated manner
based on the 8-digit number and net weight g% of the wagon taken from the natural gauge of the
train:

- The total number of wagons in the train composition m;

- The type T.¥, number of compartments k¥, length 1%, and weight g of each wagon in the

B Resistance App x  + v — ful X
C { @ trainlocomotive.netlify.app e v » 0 s i
auaburetss @) Awaexc [ International Railwa.. @ Snextponneid yume... (@ WeinGonar Cyionba.. Bg Google Mepesonunc  # Books - Publication... [B8 Scopus preview - 5. @ JKSR
BaroH pakamu opKaau yHWHT TOpTMW Xucobnapraa 3apyp GyAraH napameTpaapvHy aHMKAalL ydyH AacTyp
m Fayldan yuklash & Yuklab Olish Natijani olish >
T/R Vagon ragami Vagon turi Yuk og'irligi Vagon og'irligi Vagon uzunligi O'qlar soni Umumiy og'irlik 0'qqa tushadigan og'irlik

1 90892209 pr 10 37 2216 4 47 1175

2 29103272 kr 59 29 188 8 88 1

29015641 kr 62 29 188 8 91 11.38

4 29107208 kr 66 29 18.8 8 95 11.88

5 29989399 kr 0 29 18.8 8 29 362

6 29112869 kr 66 29 18.8 8 95 11.88

7 29006426 kr 62 29 188 8 91 1138

8 50720234 sys 61 24.2 14.41 4 85.2 21.3

Figure 1.Fragment of the results obtained using the developed program.

In this way, the parameters necessary for the calculation of the draft of the wagons, including
the main resistance to the movement of freight wagons, based on the weight ¥ of the cargo and the
number of 8-digit wagons taken from the natural section of the train, were identified in an
automated way.

Results and Discussions. The section of railway track from Chukursay to Sariyog'och in
Uzbekistan Railways is considered one of the busiest freight corridors. In the course of the
investigation, a separate analysis was carried out of the train traffic, types of wagons, and their
condition (loaded or empty) for this section of railway track (Figures 2 and 3).
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Eight-axle
wagons - 2%

a) Results of observing the condition of the b) Results of the study of wagon axles
wagons (loaded or empty)
Figure 2. The results of studying the composition of trains on the “Chukursay-Saryogoch”
railway section

Flat wagons /
(pD: 3.2 Half-open wagons
(pv); 22,2 Refrigerated
wagons (1f); 2,3

Figure 3. The results of studying the types of wagons in the composition of trains on the
“Chukursay-Sariyogoch” railway section.

According to the second figure, it was observed that empty wagons in freight trains on the
"Chukursay-Saryogoch" railway section constitute an average of 48% for the middle-sized wagons
and 2% for the eight-axle wagons. Due to the small size of the eight-axle wagons, we will
investigate the effect of the movement of four-axle freight wagons on the dynamics of the train.
However, it was found that there are approximately half-empty wagons in the train composition on
the investigated railway section. It is possible to observe the increase in the number of empty
wagons in foreign railway systems as well [11].

The above findings indicate the necessity of separately calculating the dynamic resistance of
the fourth group of wagons based on formula (4) during movement.

According to Figure 3, on the “Chukursoy-Sariyog'och” railway section, half-open wagons in the
freight train consist have an average weight of 22.2%, tank cars have an average weight of 23.9%,
and covered wagons have an average weight of 2%. Due to the small weight of covered wagons, it
is necessary to calculate the separate solutions of the half-open wagons and tank cars for their
movement using the formulas (1) and (2), respectively.

Therefore, the calculation of the movement of loaded wagons in the freight train with a
weight distribution of 48% for empty wagons, 23% for loaded half-open wagons and tank cars has
been made using the program developed for determining the main resistance (Figure 4).
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3.7 Calculation results based on the
production method

Calculation results based on
conventional method

The mam relative resistance to the movement of
the train wagons N/kN

0.7
024 6 810121416182022242028303234363840424446485052545658606264 0606870727476 7880

Train speed, km/h
Figure 4. Results of calculating the traction resistance of freight wagons in the train composition.

According to Figure 4, it is necessary to calculate the differential expression of the resistance
of freight cars based on movement speed for various types of train movements.

Conclusion. According to the "Rules for calculating train operations” developed in
accordance with the 8-digit numbering system for freight cars with a 1520 mm gauge, freight cars
are divided into 6 types (boxcar, platform, half-open car, tank car, hopper car, and others). The rules
specify that freight cars should be grouped into 6 sets for the purpose of calculating the main
resistance of trains. However, in practice, calculations of the resistance of trains during their
movement on the tracks and the consumption of electrical energy are carried out by dividing freight
cars into 2 sets (with 4 and 8 axles). The main reason for not taking into account all types of cars
and all sets in the calculation of resistance is the absence of an appropriate instrumental means.

In the course of the research, a program was developed to identify the necessary parameters in
the calculations of the wagon's movement based on the wagon number. This program was designed
to automatically identify the necessary parameters in the calculations of the wagon's movement
through the website https://trainlocomotive.netlify.app/. By using this program, the necessity of
calculating the energy consumption of the train's primary resistance due to the movement of freight
cars was determined. As a result, the program allows for the correct measurement of the travel time
and energy consumption of trains based on the differentiated types and conditions (loaded or
empty) of the freight cars in the train's composition.

References

1. Muhlenberg J.D. Resistance of a freight train to forward motion. Volume I. Methodology
and evaluation. Apr. 1978. P. 167.

2. Sorin Arsene, loanSebesan, Adrian Certan, Gabriel Popa. Influence Resistance at
Advancing on Fuel Consumption for Vehicles that use an Internal Source of Energy. Procedia -
Social and Behavioral Sciences, Volume 186, 2015. Pages 573-581. https:// doi.org /10.1016/
J.sbspro. 2015.04.188.

3. Ertaevna, B. S., Malgaghdarovna, I. B., Zhaksybaeva, A. Z., & Mansuraliyevich, S. S.
(2020). Introduction of a single intellectual management system and automation of production

19


https://trainlocomotive.netlify.app/

processes on railway transport. Journal of Advanced Research in Dynamical and Control Systems,
12(S6), 706-712. DOI: 10.5373/JARDCS/V12SP6/SP20201084.

4. Aripov, N., Suyunbaev, S., Azizov, F., & Bashirova, A. (2021). Method for
substantiating the spheres of application of shunting locomotives at sorting stations. In E3S Web of
Conferences (Vol. 264, p. 05048). EDP Sciences. https://doi.org/10.1051/e3sconf/202126405048.

5. Shinpolat Suyunbayev, Utkir Khusenov, Sakijan Khudayberganov, Sherzod Jumayev and
Shokhrukh Kayumov. Improving use of shunting locomotives based on changes in infrastructure of
railway station 05011 DOI: https://doi.org/10.1051/e3sconf/202336505011.

6. CnpaBouHMK 8-MU3HAYHAS CHCTEMa HyMEpalWW TPY30BBIX BAaroHoB kojew 1520 mm.
2005. - 31 p.

7. IlpaBuiia TATOBBIX pacyeToB s MOe3aHOM padboThl. 1985. — 289 p.

8. IlpaBuia TATOBBIX pacdeToB JyIs oe3aHoM padoThl. 2016. — 515 p.

9. ®penkens C.f. Texnuka TaroBuix pacuetoB. — ['omens: benl'YT, 2005. — 80 c.

10. Morwuna B.I1. Macca, niuHa ¥ CKOPOCTh JBHIKEHHUS TPY30BBIX MOE30B: yueh. mocodue
— Xabaposck: U3n-so JABI'YIIC, 2013. — 208 c.

11. XycaunoB ®@.1. DxoHOMHYECKAsI CTATHUCTHUKA JKETIE3HOAOPOKHOTO TpaHcmopTa. Oduepku
[DnexTponnslit pecypc]. — M.: U3natensckuii JJom «Haykay, 2016. — 100 c.

UDK 698

WAYS TO SOLVE THE PROBLEM OF CONGESTION OF THE ASTANA CITY
ROAD NETWORK

Kuzenbayev Iskander
Kuzenbaev2001@gmail.com
Master's student of the department "Organization of transportation, traffic and operation of
transport” L.N.Gumilyov ENU, Astana, Kazakhstan
Scientific supervisor - Nurakov S.N.

Annotation. The intensive development of the transport infrastructure of Astana, the capital
of Kazakhstan, along with the improvement of services to the economy and population of the city
revealed a few previously non-existent problems in this area. Now the task of unloading the city
during rush hours is becoming more urgent, and its solution requires the development of new
technical and organizational solutions, one of which is the use of a system of "intercepting™ parking.

Keywords: road network, road transport, traffic congestion, rush hour, "intercepting”
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Currently, one of the most pressing problems of megacities is the congestion of the road
network with car flows, the number of which is increasing from year to year.

The problem of traffic congestion is also characteristic of the capital of the Republic of
Kazakhstan — the city of Astana.

The main reason for the transport problem lies in the initial layout of the city without
considering the possibilities of widespread use of personal cars. During the construction of the
current capital, it was assumed that the number of residents of the city would not exceed 500
thousand people, but as of January 1, 2023, the population of Astana amounted to 1,212,070
residents, while a third of the residents registered personal cars - this is more than 450 thousand
vehicles [1].

The next reason is the long wait of Traffic Police officers in case of an accident, so even a
small collision of two cars leads to traffic paralysis.

Another problem is the unsatisfactory condition of the roadway in a few places and the long
and insufficiently organized repair of streets and roads [2].
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