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Abstract: One of the critical technologies leading to tangible energy savings in railroad transport is 

regenerative braking of electric locomotives and electric trains. This article aims to show that energy recovery 
in the form of compressed air is one of the types of alternative energy sources that will provide optimal modes 

of operation in the marshalling yard. The possibilities of effective use of regenerated electric energy at a 

marshalling yard are limited. It is justified to increase the efficiency of regenerative energy use. It is possible to 

apply innovative solutions to use (excess) kinetic energy, converting it into accumulated pneumatic energy when 
slowing the trains arriving at the marshalling yard. The scheme of the pneumatic energy accumulation system 

at the marshalling station is proposed. 

Keywords: marshalling station, marshalling hill, recovery, excess energy, braking, rolling stock, compressor, 
energy consumption. 
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Аннотация: Одной из критических технологий, приводящих к ощутимой экономии электроэнергии на 

железнодорожном транспорте, является рекуперативное торможение электровозов и 
электропоездов. В данной статье ставится задача показать, что рекуперация энергии в виде сжатого 

воздуха является одним из видов альтернативных источников энергии, которые обеспечат 

оптимальные режимы работы на сортировочной станции. Возможности эффективного 
использования регенерируемой электроэнергии на сортировочной станции ограничены. Обосновано 

повышение эффективности использования регенеративной энергии. Возможно применение 

инновационных решений по использованию (избыточной) кинетической энергии, преобразованию ее в 

аккумулированную пневматическую энергию при замедлении поездов, прибывающих на сортировочную 
станцию. Предложена схема пневмосистемы накопления энергии на сортировочной станции. 

Ключевые слова: сортировочная станция, сортировочная горка, рекуперация, избыточная энергия, 

торможение, подвижной состав, компрессор, энергозатраты. 

 

Introduction 

Among all types of transport, rail transport occupies a special place. It is indispensable for the 

transportation of mass freight over long distances. Rail transport carries out the transportation of goods 

that play a key role in ensuring the functioning of the economy, for this reason, scientists have 

conducted research to improve the efficiency of transport operation [12, 13, 15], improve the quality 

of services [16, 19], the speed of delivery [14, 18], etc. Sorting stations are not limited by seasonality 

and can process cars, loaded with various cargoes - solid, liquid, bulk, perishable, piece [17, 20].  A 

large volume of fuel and energy resources, including pneumatic energy in the form of compressed air, 

is consumed at marshalling stations in the process of sorting cars and forming trains [1-6].  

Besides the known alternative energy technologies, scientific research on the improvement of 

energy-saving technologies, including excess energy recovery during braking of rolling stock, is 

traditionally carried out in railway transport.  

Nowadays, under market conditions, in order to compete with other modes of transport, it is 

necessary to increase the profitability of transportation with a strict economy of fuel and energy 

resources and high productivity. 

New technical capabilities have emerged, which makes it possible to improve stations' technical, 

economic, operational and technical performance.  
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On the other hand, at the present stage, railway stations do not meet new requirements regarding 

the size of transported cargo and technical capabilities.  

This requires the search for new ways, which lies in developing innovative resource-saving and 

energy-saving systems for the design and technology of marshalling stations.  

Today, regenerative braking mode is the main energy-saving resource on the electric rolling stock 

of railroads. Besides, this mode ensures the limiting speed of the train on the section, significantly 

reduces longitudinal and dynamic forces in the train, reduces wear of wheel pairs and brake pads, and 

increases train safety [6]. 

The most suitable conditions for energy accumulation during braking are in electric subway 

trains. The traffic between the two stations is fairly constant. Due to the fact that most passengers in 

the subway are standing, the braking intensity is quite low, and it is advantageous to brake only with a 

traction motor; the parking brake is applied only before the train comes to a complete stop.  

The energy savings achieved by accumulation were tested in the New York subway in a traffic 

cycle with 76 stops. Inertial (flywheel) accumulators, driven by an electric motor, were installed in the 

test  wagons  included in the normal operation process [7]. 

 

Relevance of the issue 

The possibility of increasing economic efficiency by accumulating the kinetic energy of the train 

arriving in the receiving park, which is lost in its braking, was considered. 

As already noted [8, 14], the problem of accumulation of energy lost during braking by electric 

locomotives is solved quite simply. The solution to this problem attracts much attention from 

specialists. 

Traction motor, when switching to generator mode, becomes an element of the braking system, 

the efficiency of which, however, decreases with decreasing speed and which cannot stop the train and 

keep it in the braked state. Therefore, the parking brake is actuated at low speeds before the train stops. 

However, it should be noted that the regenerative braking generated by the traction motor must 

be consumed by the other train. Otherwise, it will be turned into useless heat by the ballast resistances 

of the electric locomotive.  

In addition, the kinetic energy of the train during braking can also be accumulated for its stopping 

in the receiving yard of the marshalling yard to maintain the necessary speed during long descents 

The marshalling yards are mainly equipped with compressors of the displacement type in the 

railroad network. A volumetric compressor is a machine in which the compression process takes place 

in working chambers, which change their volume periodically, alternately communicating with the 

inlet and outlet of the compressor. Volumetric machines can be divided into piston and rotary 

compressors according to the geometric shape of the functional elements and the method of changing 

the volume of the working chambers [8]. 

One of the most important aspects of choosing compressor equipment at stations nowadays is 

energy consumption. Energy consumption of screw compressors and reciprocating compressors similar 

in their characteristics may differ insignificantly in one direction or another. British engineers managed 

to develop an innovative system that allows a significant increase in the efficiency of the use of useful 

energy generated during the braking of subway trains. Just one day of operation of such a system in 

test mode allowed releasing enough electricity to power small houses for one year [7].   

  

The novelty of this work lies in the fact that in the place of energy consumption is accumulated 

by transforming the kinetic energy arriving in the park arrival of the marshalling yard into compressed 

air. Fig.1 shows a proposed schematic diagram of accumulation (in the form of compressed air) of the 

kinetic energy of the arriving train at the marshalling station. Here, the rotary motion of the car wheels 

comb on the pulley of the two-cylinder compressor 3 is transferred by pressing the pedal with a rod, 

which is connected to the crank mechanism with the wheel, where the transformation of reciprocating 

motion into the rotary. The wheelset ridges press the pressure pedals when a rolling stock enters the 
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marshalling station. The rotary motion is transmitted to the compressor pulley, which drives the crank 

mechanism; accordingly, the cylinder of the compression air cylinder starts to move upwards. At the 

same time, the piston also starts to move, improving the compression. The pressure is pumped through 

the outlet valves and the flexible air duct into the standard regenerative pneumatic energy line. In this 

way, the rolling stock motion energy is converted into regenerative pneumatic energy in advance. 
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Figure 1: Schematic diagram of pneumatic energy storage system 

 

1-two-stage pneumatic compressor; 2-oil and moisture separator; 3-trigger pressure valve; 4-

compressed air cylinder; 5- safety valve; 6- compressed air flow valve; 7- cleaning and venting valve; 

8- dirt collector; 9,10- air ducts for compressed low and high-pressure air; T- thermometer; S1, S2, S5- 

drain solenoid valves; S4, - water solenoid valve  f4-relay for starting and stopping compressor by 

pressure in compressed air tank; f3-relay for stopping compressor when coolant temperature exceeds 

permissible value; M- pulley connected with force transmission drive from pressure pedal via the crank 

mechanism. "A" and "B" are the inlet and outlet directions of the cooler. 

As shown in the diagram, atmospheric air enters the unit through the air intake device 1, which 

the louvers can be used to clean the air from foreign objects roughly. This is provided to prevent dust 

and moisture from entering the compressor, which can cause wear, corrosion and formation of fouling 

on the surfaces of parts, as well as, which can lead to burning of piston rings, valve leaks, reducing 

productivity and compressor efficiency [9-11]. In filter 2, filled with a porous material, dry or 

moistened with oil, high quality compressed air is cleaned from dust and droplet moisture. After 

passing through compressor 3, moisture and oil are in the compressed air in a vaporous state, as the air 

temperature reaches up to +150-200 °С. The compressed air in the compressor is cooled through 

channels "A" and "B". 

To avoid supplying consumers with air compressed to a certain pressure and containing high 

impurities, to prevent the formation of explosive and fire hazardous mixture in the air collector and 

contamination of pipelines and fittings, the air is cooled in the end cooler 4 with running water. In this 

case, air temperature decreases and becomes at least 100°С below the oil flashpoint, oil and moisture 

condense and are removed from the refrigerator by blowing it out [9]. 

In installations with air compressors with a capacity of more than 10 m / min. must have moisture 

and oil separators and end chillers.  

To equalize pressure in the network, mitigate pressure pulsations, as well as to accumulate 

compressed air energy and maintenance of automatic compressor control system, air collector 4 is used.  

In the system of accumulation of pneumatic energy, in the receiving park, it is advisable to install 

piston two-stage compressors. Two-stage compressor (Pic. 2) usually has two cylinders: one low and 

one high pressure cylinder. As the piston moves downward, a vacuum is created in the low-pressure 

cylinder and the suction valve opens automatically. 
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Figure 2: Schematic diagram of a two-stage compressor 

 

Air is sucked into the space between the cylinder head and the piston. Then, when the piston 

moves backward, the suction valve closes and the air is compressed; the discharge valve opens when 

its pressure reaches a predetermined value. The pressure is adjusted by changing the compression of 

the spring, which presses the discharge valve against the seat.  

 From the low-pressure cylinder, the compressed air passes through the cooler and enters the 

high-pressure cylinder, the piston moves downward at this time, assisting in the suction of the incoming 

air. The cooler is the air line connecting the low-pressure and high-pressure cylinders, which is usually 

placed on the roof of the electric locomotive. Due to the fact that the air is pre-compressed in the low-

pressure cylinder and the volume is reduced, the high-pressure cylinder is made with a smaller 

diameter. The air from the high-pressure cylinder is pressurized into the main reservoirs, which are 

usually located closer to the consumers.       

 The reason for using a two-stage compressor is that in a one-stage compressor, air can be 

compressed to a maximum pressure of 3-105 to 7-105 Pa (3-7 kgf/cm2). At the end of the compression 

stroke, a certain amount of compressed air remains between the cylinder head and the piston - an air 

cushion. When the piston moves backward, the compressed air expands and the suction process begins 

somewhat later. Obviously, the higher the final pressure, the later the suction begins. In addition, strong 

compression in one stage raises the temperature of the air so much that the lubricant in the cylinder can 

catch fire.     

Typically, in a compressed air storage system, the air is compressed in the first stage to 3-105 Pa 

(3 kgf/cm2) and in the second stage to 8-105 Pa (8 kgf/cm2).  The electric drive motor shaft is 

connected to the compressor crankshaft with a gear reducer or coupling. Distribution valves make air 

supply to the consumer's network. If necessary, to reduce the air pressure, a pressure reducer can be 

used. Special dehumidifiers are used when it is necessary to have deeply dried air in the compressor 

systems, apart from the end coolers. The air is dried using methods of moisture freezing with 

refrigeration units or its absorption with solid sorbents (silica gel, alumina gel, etc.). When several 

compressors are connected to a single air collector, a check valve is installed in the discharge lines of 

each compressor upstream of the air collector, then a safety valve and finally a shutoff valve before the 

air collector.   
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Conclusions. 

Standard technical solutions of station compressor stations of the last century are centralized air 

supply using stationary compressors and branched pneumatic networks. Modern technical solutions 

are decentralization, installing compressed air generation devices in close proximity to the consumer, 

using unsupervised air receivers, the adjustable capacity of air compressors, etc. The proposed 

technique makes it possible to accumulate the arriving train's kinetic energy in the marshaling station's 

arrival park into compressed air. The accumulated compressed air will be transmitted to consumers via 

a pneumatic system through dispensing valves and a reducer.     

Compressed air is used at enterprises for various purposes: 

- when air is supplied to pneumatic actuators of remotely controlled pipeline valves; 

- for braking of  wagons  on the marshalling yard at the park brake position; 

- for initialization of various automation devices; 

- for blowing and cleaning of switches; 

- for connection of various pneumatic tools in production facilities. 
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