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CLASSIFICATION OF POSITIVE-ACTION
COMPRESSORS FOR RAILWAY ROLLING STOCK

The article considers the classification of positive displacement compressors, which are widely used in
pneumatic systems of traction and railcar rolling stock. An analysis of modern technical solutions in the field
of compressor construction, as well as current classifications used in scientific and industrial literature, is
carried out. The main attention is paid to the systematization of compressors depending on the design features,
operating mode, number of compression stages, type of drive, availability of lubricant, as well as the scope of
application (locomotives, electric trains, diesel trains, subway cars, etc.).

The need to build a generalized classification scheme is formulated, which considers both traditional and
modern technical solutions used in modern railway transport. A multi-level classification structure of positive
displacement compressors has been developed, covering their main types — piston, diaphragm, screw and others,
with a detailed consideration of the design and operational characteristics of each of them. The advantages
and disadvantages of different types of compressors were determined in terms of their operating conditions,
maintainability, energy efficiency and maintenance costs.

The study considered data from technical documentation and catalogs of leading manufacturers
of compressor equipment, such as Poltava Turbomechanical Plant, Transpneumatics, Atlas Copco, CKD,
etc. The prospects for the application of modern energy-saving technologies in compressor installations, in
particular, inverter control of productivity and oil-free systems, were analyzed. Conclusions were drawn on the
feasibility of introducing a single classification system into the regulatory and technical framework to facilitate
the selection of compressor equipment at the stages of design and operation of rolling stock.

1t is noted that the results of the study can be used in the practice of engineering design, maintenance,
modernization of pneumatic systems of rolling stock and serve as the basis for further scientific research aimed
at optimizing the design and increasing the efficiency of compressor units for railway transport.

Key words: transportation, mechanics, railway transport, transport technologies, rolling stock, repair,
operation, reliability, compressors.

Formulation of the problem. The growth of
railway traffic in Ukraine requires increasing the
reliability and efficiency of rolling stock. One
of the key systems that ensures the safety and
functionality of trains is the pneumatic system, the
heart of which is the compressor. Currently, the
most widespread in air supply systems are positive
displacement compressors, the effective operation of
which has a direct impact on the functioning of the
brake system, pneumatic drives and other auxiliary
mechanisms.

Today, there are a variety of designs of positive
displacement compressors used in railway rolling

stock. However, there is no clear and systematic
classification of these units considering their design
features, technical characteristics and areas of
application on different types of rolling stock.

Insufficient systematization complicates the
process of selecting the optimal type of compressor
for specific operating conditions and technical
requirements. This leads to difficulties in designing
new and modernizing existing pneumatic systems
of rolling stock. In addition, the lack of a unified
classification complicates the analysis of their
reliability, maintenance and development of effective
repair strategies.
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Thus, there is an urgent need to develop a
scientifically based classification of positive
displacement compressors used in railway rolling
stock. Such a classification will help optimize
the choice of compressor equipment, increase the
efficiency and reliability of pneumatic systems,
and simplify the processes of their operation and
maintenance. Solving this scientific and applied
problem is of great importance for the further
development of railway transport in Ukraine.

Analysis of recent research and publications.
The study [1] proposes an innovative method for
classifying the condition of diesel-electric locomotive
compressors based on vibration signal analysis
using machine learning. The authors developed an
algorithm that shows 5 main types of faults with
94% accuracy, including cylinder wear and valve
defects. The results are especially relevant for freight
transportation, where compressor reliability is critical.

In the article [2], a comprehensive thermodynamic
analysis of the operation of screw compressors in
pneumatic systems of high-speed trains is presented.
The authors found that changing the geometry of
the screws by 5° increases the efficiency by 7-8%
when operating at high speeds. The work is of great
importance for the development of new generations
of compressors for high-speed lines.

A study [3] analyzed the failure statistics of brake
compressors using Weibull distribution based on
data from 43 railway depots. The authors proposed
a modified preventive maintenance schedule that
reduces the probability of failure by 25%. The
results have already been implemented in some parts
of India, demonstrating significant cost savings.

The work [4] is devoted to the optimization
of the design of twin-screw compressors for
energy-efficient metro trains. Using multi-criteria
optimization methods, the authors achieved a 15%
reduction in energy consumption while maintaining
performance. The study is especially relevant for
cities with intensive metro traffic, where energy
saving is a critical factor.

In the article [5], a comprehensive comparison
of the efficiency of traditional lubricated and
lubricated-free compressors in urban rail transport
conditions is carried out. The study contains
recommendations for choosing the type of
compressor depending on the operating conditions
and environmental requirements.

The study [6] introduces an innovative predictive
maintenance system for reciprocating compressors
in freight trains wusing artificial intelligence.
The developed algorithm based on a neural network
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analyzes vibration sensor data in real time, achieving
a failure prediction accuracy of 91%.

In the article [7], a new method for detecting
faults in scroll compressors using acoustic emission
analysis is presented. The system is particularly
effective for detecting microcracks in scroll
elements. The study offers a new approach to
monitoring high-precision compressor systems.

In the work [8], the strength of the supporting
structure of a freight car made of round pipes during
sea transportation is investigated. Experimental data
were obtained during real voyages in the Black Sea.
The study is of great importance for the safety of
combined rail-sea transportation.

Continuing the previous study, the work [9]
focuses on the analysis of fastening of gondola cars
using viscous couplings. The authors developed
recommendations for the optimal number and
location of fasteners. The results have already
been implemented in the operational practice of
some shipping companies, increasing the safety of
transportation.

The study [10] proposes an innovative system
for utilizing waste heat from compressors in railway
rolling stock. Particular attention is paid to adapting
the system to the existing infrastructure. The results
open new opportunities for increasing the energy
efficiency of railway transport.

The study [11] conducts a comprehensive
comparative analysis of the life cycle costs of
different types of compressors in regional trains.
The authors developed a unique cost estimation
model that takes into account energy efficiency,
maintenance costs and environmental impact.

Experimental work [12] analyzes the efficiency
of variable speed compressors in hybrid trains.
The results show a reduction in energy consumption
by 18-22% compared to traditional systems under
variable loads. A feature of the study is a compre-
hensive assessment of the impact of rotation speed
on the resource of the unit.

An innovative study [13] uses CFD methods to
analyze air flows in piston compressors of high-
speed trains. The authors developed a three-dimen-
sional model that accurately reproduces the processes
in the compression chamber with an error of less
than 3%. The results open new opportunities for opti-
mizing the energy efficiency of compressor systems.

The study [14] is devoted to determining the
optimal parameters of on-board energy storage sys-
tems for metro rolling stock. The authors developed
a unique capacity calculation method that consid-
ers the line profile and the schedule of movement.
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Of value is the analysis of the interaction of the
storage system with the traction drive. The results
have already been implemented on some lines of the
Ukrainian metro.

Continuing the previous study, the work [15]
focuses on determining the rational parameters
of capacitive systems for underground transport.
The authors proposed a new charging/discharging
control algorithm that increases the efficiency
by 8-10%. The results of the study are important for
the development of energy-efficient technologies in
urban transport.

The study [16] introduces an innovative [oT sys-
tem for real-time monitoring of the condition of rail-
way compressors. The system is particularly effective
for remote depots with limited access to specialists.
The results open up new opportunities for the digital
transformation of railway infrastructure.

In the article [17], a comprehensive solution for
noise reduction (up to 8 dB) and vibration in pis-
ton compressors of suburban trains is presented.
The study offers a unique methodology for balancing
efficiency and cost of modernization.

The work [18] presents a systematic analy-
sis of 12 modern sealing technologies for rotary
compressors, including: polymeric materials (life-
time up to 50,000 hours); laser surface texturing
(wear — 30%); magnetic seals (for oil-free systems).
The review contains unique data on the influence of
microtextured on tightness.

Innovative research [19] presents a new gen-
eration of lightweight and environmentally friendly
materials for compressors: aluminum foam struc-
tures; biopolymer composites; carbon nanotubes in
a matrix. The results are in line with the EU’s goals
for decarbonizing transport by 2050.

The analysis of the literature clearly shows
that insufficient attention is paid to the issue of
classifying positive displacement compressors used
in railway rolling stock. Existing approaches are
often fragmentary and do not cover all important
aspects of the functioning of these units. The lack of
a single, clearly structured classification complicates
the comparative analysis of different types of
compressors. It also prevents the systematization of
knowledge about their design features, operational
characteristics and areas of application in railway
transport. This situation can lead to inefficient
equipment selection and complicate the development
of optimal air supply systems for rolling stock.
Therefore, the need for in-depth and comprehensive
research to develop a comprehensive classification is
obvious and urgent.

Analysis of existing technical documentation and
regulations allowed to identify current standards
and approaches to the classification of compressor
equipment in railway transport. Systematization
and generalization of literary sources provided
a theoretical basis for the development of an
improved classification, considering  various
design features and functional characteristics of
compressors. A comparative analysis of the technical
characteristics and principles of operation of
different types of positive displacement compressors
used in rolling stock revealed their advantages
and disadvantages. Development of a structural
classification scheme based on certain criteria
(for example, principle of operation, number of
compression stages, type of drive) contributed
to a clear and logical division of compressors
into groups. An expert survey of specialists in
the field of railway transport and compressor
equipment production helped to verify the proposed
classification and consider practical operating
experience. Practical testing of the developed
classification on the example of specific models
of compressors used in rolling stock of Ukrainian
railways confirmed its versatility and practical value.

Task statement. The purpose of the study is
to systematize existing types of compressors to
optimize their selection and application, according
to the main design and functional features.
The developed multi-level hierarchical classification
structure allows to systematize existing and new
types of compressors. The results of the study can
be used to develop recommendations for improving
the efficiency of pneumatic systems of railway
transport. They are a theoretical basis for optimizing
the selection and design of compressor equipment
for railway transport.

Outline of the main material of the study.
The main components of compressor units installed
on modern railway rolling stock and subway cars
(Fig. 1) are: compressor — 1; air dryer with built-in
pre-cleaning filter — 2; device for collecting and
removing condensate — 3; fine oil filter — 4; safety
valves — 5 and 6, which prevent the occurrence of
unacceptably high pressure in the event of various
malfunctions; receiver — 7. After the compressor,
the air compressed to 8.5—10 bar, which contains oil
and water in the form of drops or steam, is subjected
to special treatment to prevent them from entering
pneumatic networks.

After the compressor, the air enters the air dryer,
where the main part of the impurities created by
the droplets is precipitated mechanically, and the
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remaining part is removed by special moisture
absorbers. If necessary, the compressed air is
additionally cooled and passed through a fine oil
filter. The condensate accumulated in the air dryer
must be collected for further disposal. It should be
noted that in oil-free compressors, the need for a
condensate collection and removal system, as well
as a fine oil filter, is eliminated.

Research  of  scientific  and  technical
documentation and operating experience have
allowed to formulate the main requirements for

compressors of modern rolling stock: compressors
must fully satisfy the needs of the train in
compressed air at its highest consumption; their
performance must be at the level necessary to
create the set pressure in the main tank for a
certain time; the reliability of the compressors must
correspond to 0.003 failures per thousand hours of
operation; power consumption at the level of 8 kW
per compression of 1 m*min; specific gravity not
more than 70 kg (without engine) per 1 m*/min of
compressor supply.

Fig. 1. Scheme of the compressor installation
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Fig. 2. Classification of positive displacement compressors
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Analysis of scientific and technical literature
allowed us to develop a classification scheme
for existing positive displacement compressors
(Fig. 2), which can be used in air supply systems
and installed on traction units (diesel locomotives,
electric locomotives, electric trains, diesel trains,
railcars, and subway cars) to provide compressed air
to automatic braking devices, control devices, and
auxiliary mechanisms.

Below in Table 1 (DL — diesel locomotive,
EL — electric locomotive, DT — diesel train, MC —
metro car, ERS — Electric Rolling Stock) technical
characteristics of some of the listed compressors
are given, the analysis of which allows to assess the
compliance of piston compressors with the above
requirements.

From the analysis of the data in Table 1, the air
supply systems of modern traction and railcar rolling

stock in difficult operating conditions (significant
vibrations and significant fluctuations in the external
temperature) are mainly based on piston compressors
(). Their design features determine their significant
weight and size indicators and significant power
consumption for the drive (for example, according
to research results: the working volume of the KT-7
compressor exceeds 1 m?, the mass is 646 kg, the
power consumption for the drive is 44 kW — 2% of
the effective power of the locomotive power plant),
and the differences in the operating conditions of
compressors on diesel and electric locomotives
determine their differences in design.

As the conducted studies have shown, the
piston compressors of modern traction and multi-
rail rolling stock of Ukrzaliznytsia, with sufficient
productivity and satisfactory operational reliability,
are characterized by rather large mass-dimensional

Table 1
Technical characteristics of compressors of modern traction rolling stock
C
_ OmPpressor type | yr67 | KT6II K3 TMK-5,25 MK-3,5
Indicator
Rolling stock type DL EL EL DL DL
Productivity, m*/min 5,3 5,3/2,75 4,1 5,25 3,5
Number of revolutions, rpm 850 850/440 1250 1450 1450
Power consumption, kW 44 44 37 37 27,5
Discharge pressure, MPa 0,9 0,9 1,0 0,9 0,9
Number of compression stages 2 2 2 2 2
Weight of the compressor, kg 646 630 410 310 200
Cylinder position \% \% \% \% \"
Overall dimensions, mm
- length 760 760 1043 805 625
- width 1320 1255 867 835 835
- height 1105 1105 911 670 670
Continuation of table 1
. Compressor type | 1y 1,75 3-500 BI13-4/9 BB-1,5/9
Indicator
Rolling stock type DL EL, DL DL DL, DT
Productivity, M*/min 1,75 1,75 3 1,5
Number of revolutions, rpm 1450 200 1000 1000
Power consumption, kW 13,3 15 21 15
Discharge pressure, MPa 0,9 0,9 0,9 0,9
Number of compression stages 2 2 2 2
Weight of the compressor, kg 125 670 344 238
Cylinder position \Y% Horizontal \Y Vertical
Overall dimensions, mm
- length 460 717 526 535
- width 775 1299 1071 462
- height 665 629 1070 235
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Continuation of table 1

) Compressor type | 1y 35 JK-7B JK-7B IK-4
Indicator
Rolling stock type DL ERS ERS MC
Productivity, M*/min 3,5 0,62 0,58 0,43
Number of revolutions, rpm 1450 560 540 320
Power consumption, kW 32 5,0 4,7 43
Discharge pressure, MPa 0,9 0,8 0,8 0,8
Number of compression stages 2 1 1 1
Weight of the compressor, kg 380 118 118 140
Cylinder position \Y Horizontal Horizontal Horizontal
Overall dimensions, mm 520
- lepgth 685 604 520 520
- quth 860 440 604 583
- height 968 440 465
Continuation of table 1
) Compressor type | pr 0.42/8-400 |  DK4B-M K-1 K-2
Indicator
Rolling stock type MC MC DL, EL EL
Productivity, M*/min 0,42 0,42 2,0 2,63
Number of revolutions, rpm 400 400 700 720
Power consumption, kW - 4.5 17,6 18,7
Discharge pressure, MPa 0,8 0,8 0,8 0,9
Number of compression stages 1 1 2 2
Weight of the compressor, kg 130 310 220 360
Cylinder position Horizontal Horizontal \Y \Y
Overall dimensions, mm
- length 605 1028 600 1043
- width 627 674 860 867
- height 500 500 667 911

indicators and high levels of vibrations, which have
a negative impact on people, as well as the reliability
and durability of both the compressors themselves
and the supporting elements of the rolling stock.
Therefore, a rational direction for ensuring the
required operational characteristics of air supply
systems of modern rolling stock is to eliminate
the indicated disadvantages of piston compressors
by using rotary compressors (screw, single-rotor
vane, trochoidal, etc.). The main advantages of
rotary compressors include reduced vibration levels
compared to piston compressors, reduced power
consumption and mass-dimensional indicators.
Conclusions. The developed classification of
positive displacement compressors for railway
rolling stock systematizes existing types according
to key design and functional features, which
simplifies their selection and application. The main
classification criteria are determined, including the
principle of operation (piston, screw, plate, scroll),
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number of compression stages, type of drive, cooling
method, and features of application on various types
of rolling stock.

It was found that piston compressors remain the
most common due to their versatility and ability
to provide high pressure but have a higher level of
vibration and require more frequent maintenance.
At the same time, rotary compressors demonstrate
better energy efficiency and lower noise levels
compared to piston compressors, which makes them
promise for modern rolling stock.

The classification of compressors presented
in the article allows you to structure them by
purpose (braking systems, pneumatic drives,
auxiliary systems), which further allows you to
more accurately select equipment considering the
specific requirements of each system. It can serve
as the basis for further scientific research aimed at
optimizing the design and increasing the efficiency
of compressor units for railway transport.
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®omin O.B., Jloreinenko O.A., Ky3smenko C.B., 3aBepkin A.B. KIACUDIKAILISI KOMITPECOPIB
OB’EMHOI JIi PYXOMOT'O CKJAY 3AJIIBHUIIB

Y emammi pozenanymo xnacugixayiro xomnpecopie 06’emHoi Oii, AKI WUPOKO BUKOPUCTNOBVIOMbCS 8
NHEeBMAMUYHUX CUCTNEeMAX MA208020 MA MOMOPBALOHHO20 pPyXoMo2o ckiady. Ilposedeno amaniz cyyachux
MEeXHIYHUX pilleHb Y 2ay3i KoMNpecopoOyOVE8aHHs, d MAKONC YUHHUX KAACUGIKayill, o UKOPUCTOBYIOMbCS
6 HayKosili ma eupoonuuil nimepamypi. OCHO8HY Y8a2y NpuoiieHo CUCMeMamu3ayii KOMNpecopie 3aiexdcHo
8i0 KOHCMPYKMUBHUX O3HAK, PEHCUMY pOOOMU, KIIbKOCMI CIMYNEHI8 CIMUCKAHHA, MUny npusoody, Has8HOCMI
Macmuna, a makoxc cgepu 3acmocy8anHs (IOKOMOMUBU, eleKmponoizou, Ou3eib-noizou, 6a2oHU
MemponoiimeHy mouo).

Cohopmynvosano HeobXionicms noby008u y3aeanbHeHO! Kidcu@ikayiiiHoi cxemu, 5AKA 6paAXo8ye 5K
Mpaouyiiini, max i HOGIMHI MeXHIUHI PileHHSA, WO 3ACMOCO8YIOMbCA Y CYUACHOMY 3AMI3HUYHOMY MPAHCHOPMI.
Pospobneno bacamopisuesy cmpykmypy kiacughikayii komnpecopie 00 eMHOI 0ii, 40 OXONIIOE iX OCHOBHI MUNU —
NOpUWIHesi, MeMOpaHHi, 28UHMOB] Ma THWI, 3 0eMANbHUM PO32TA00M KOHCMPYKMUBHUX MA eKCHIYAMAayiliHux
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Xapaxmepucmux KodiCHO20 3 Hux. Busnaueno nepeeacu il HeOoniKu PI3HUX MUNI8 KOMNpecopie 3 02140y Ha
YMO8U IX eKcnayamayii, peMOHMONPUOAMHICIG, enep2oedexmuricms ma apmicms 00CIY208)8aHHSL.

Y Xx00i Oocnioxcennss epaxoeano Oami 3 MeXHIUHOI OOKYMeHmayii ma Kamanozig NposiOHUX
BUPOOHUKIE KOoMnpecopHo2o obnaouannsa, makux sk OAO «llonmascokuii mypoomMexaniyvHuii 3a600»,
BAT «Tpancnuesmamuxay, Atlas Copco, CKD ma in. Ilpoananizosano nepcnexmugu 3acmocy8anHs cy4acHux
enepeo30epicaioyux MexHonolll Yy KOMNPEeCcOpHUX YCMAHOBKAX, 30KpeMa IHGEPMOPHO20 pe2ynio8aHHs.
NPOOYKMUBHOCT Ma Oe3MACHAHUX cucmeM. 3poOneno GUCHOBKU 000 OOYLIbHOCTT GNPOBAOICEHHS. EOUHOT
Kaacupixayitinoi cucmemu y HOpMaAmMUGHO-MeXHIUHY 6a3y 018 NONe2ULeHHS BUOOPY KOMNPECOPHO20 0ONAOHAHHSL
Ha emanax npoexmy6eaHis ma ekcniyamayii pyxomozo ckiaoy.

3asnaueno, wo pesyrvmamu OOCHIONCEHH MOUCYMb OVMU GUKOPUCTNAHI 6 NPAKMUYI THHCEHEPHO2O
NPOEKMYSAHHS, MEXHIUHO20 00CIY208Y8AHHA, MOOEPHI3AYIl NHEGMAMUYHUX CUCTHEM PYXOMO20 CKAAdy ma
CY2Yy8amu 0CHOB0I0 01 NOOANLUIUX HAYKOBUX QOCTIOdCEHb, CHPAMOBAHUX HA ONMUMI3AYiI0 KOHCMPYKYiT ma
niOBUUeHHS eheKMUBHOCMT KOMAPECOPHUX YCMAHOBOK OJIA 3ANIZHUYHO20 MPAHCHOPIY.

Knwuogi cnosa: nepesesenns, mexauixa, 3an1i3HUYHUL MPAHCHOPM, MPAHCNOPMHI MEXHON02TT, pyxomuil
CKAAO0, PEMOHM, eKCNAyamayis, HAOIUHICb, KOMAPECOPU.
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