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THE CREATIVE SOLUTION TO IMPROVE
THE LOCOMOTIVE TRACTION AND EFFICIENCY

Kovtanets M.V., Kravchenko E.Q., Sergienko O.V., Nozhenko V.S.,
Keremet M.A., Prosvirova O.V., Kovtanets T.M.

KPEATHUBHE PIIIEHHA 3 HHIIBUILIEHHSA
TATOBO-EKOHOMIYHUX AKOCTEN JIOKOMOTHBA

KosTaneus M.B., KpaBuenko K.O., Ceprienko O.B., Ho:xkenxo B.C.,
Kepemer M. A., [IpocgipoBa O.B., KoBraneun T.M.

The interaction of wheel and rail is the physical basis of train
movement on the railroad. It largely determines the safety,
speed and level of operating costs. At the same time, the re-
quirements for indicators of interaction between wheels and
rails in different contact zones are contradictory. On the one
hand, the traction of wheels and rails should be such that low
train resistance is ensured. On the other hand - to realize the
necessary traction force it is necessary to ensure a high and
stable level of traction of locomotive wheels with the rail sur-
face.

The work set a goal — to research methods of improving the
traction and braking qualities of the locomotive, and to identi-
fy the most effective of them. To develop a design which allows
increasing traction and braking qualities of a locomotive and
providing increasing of ecological safety with application of
energy- and resource-saving technologies. As a result an
analysis of scientific and technical information sources was
carried out which testifies to the existence of different methods
of increasing traction and braking qualities of locomotives:
structural and operational.

On the basis of the performed analysis of designs of sand sys-
tems used it is established that manual and pneumatic systems
were used in the process of locomotives operation, their sig-
nificant disadvantages and advantages are studied.

In order to achieve the optimum sand flow rate, preliminary
studies on electrostatic and tribostatic sand electrification
were carried out, which gave positive results. Both methods
are approximately equal in scale of application, the ad-
vantages and disadvantages of each of them were studied in
detail.

On the basis of the carried out theoretical and preliminary ex-
perimental works a creative solution to improve the design of
the resource-saving sand system of the locomotive, modern-
ized on the basis of the tribostatic method of sand charging is
developed.

The developed design allows for the supply of sand directly to
the wheel raceway along the rail, which will significantly re-
duce its consumption, reduce the adverse impact of ground
sand on the environment and increase the traction force of the
locomotive, by increasing the coefficient of adhesion of the
wheel to the rail, which contributes to the improvement of
technical and economic indicators locomotive as a whole.

Keywords: railway transport, coupling qualities, sand,
electrification, wheel, rail.
Introduction. One of the most important

conditions for social and economic development of a
country is the improvement of environmental safety and
application of energy and resource-saving technologies
in different industries. In the context of increasing
scopes and rate of the transportation process the
application of these technologies in railway transport is
of high priority.

Goal setting. Improving the locomotive traction
and braking performance is the core task in designing a
new rolling stock and upgrading the existing one. The
analysis of the research papers showed that traction and
dynamic performance, as well as the efficiency of a
rolling stock [1, 2] depend significantly, in general, on
processes occurring when contact surfaces of wheels
touch rails. The increasing power load of wheel to rail
contact causes unavoidably losses in mechanical energy
in the system, which is consumed for irreversible
changes in thin surface layers and heat generation. In
practice, this leads to considerable operating costs
because of wheel slippage and aquaplaning,
considerable failure of rails because of contact fatigue
defects, large losses of bandage material in very short
supply, natural and process wear, underutilization of
power unit capacity, and overconsumption of fuel, sand,
and lubricants [1, 3].

Work objective. Studying the methods for
improving traction and braking performance, and
detecting the most efficient ones. Developing the design
that allows improving the traction-coupling and braking
performance of the locomotive and ensures the higher
environmental safety, with the use of energy and
resource-saving technologies.
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METHODS OF IMPROVING THE TRACTION QUALITY OF LOCOMOTIVES

Design

I
Operating

application of balanced
spring suspension

improving the design
of the wheelset

— mechanical cleaning of rails

application of electromagnetic
increase of the coupling weight

change of vertical load —

chemical cleaning of rails

control of spring suspension |—

radial installation
of wheel pairs in curves

purification by high
energy Sources

improving the connection

between the trolley and —
the body frame

development of systems for
| detecting and stopping slippage

— sand application

application of the trolley
with supporting wheelsets

application of power
transmission with ATE

application of waste
from grinding production

change the diameter
of the wheel

redistribution of TEE torques

use of materials

of natural origin

change in the technology
of manufacturing wheelsets

application of loading devices

modification

of friction surface

application
of inclined leashes

application
of inclined tractions

Fig. 1. Methods for improving the traction and braking performance

Data for the research. As the analysis of the
scientific and engineering data shows there are different
methods for improving the traction-coupling and
braking performance of locomotives (Fig. 1): design
and operating [3, 4].

The improved friction behaviour of the «wheel-
raily tribological system due to design factors promotes
the creation of potentially high friction behaviour of the
system, but is not a guarantee of traction forces without
wheel slippage and aquaplaning during operation. This
is explained by the dominant impact of climatic and
weather conditions under which a locomotive is
operated on the friction behaviour of the «wheel-rail»
system. The most efficient way to mitigate this impact is
to use sand in the «wheel-rail» contact zone. This is
mainly dictated by sand availability, as well as its effect
making 5% to 30% in relation to the cohesion factor
increase [1]. A short-term increase in the cohesion
factor to its maximum value shall be performed
provided that the minimum possible quantity of sand is
supplied to the wheel to rail contact zone. The
researches [4] showed that the maximum quantity of
sand supplied to the wheel to rail contact zone must be
0,6-1 kg/min for efficient cohesion (the value is less for
diesel locomotives and more for electric locomotives).
The sand flow rate shall not exceed 1,5-1,6 kg/min for
electric locomotives and 50% of this quantity for diesel
locomotives, taking into account inevitable sand losses
due to different factors (traffic speed, side wind, rail
vibration, sand system nozzle kinematics, etc.). If the
locomotive traffic speed increases to 6-20 km/h, the

quantity of sand should be increased by 20-30%. The
best effect of the traction force increase is reached by
using sand with the grain size of 0,1-0,3 mm [4].

The seat condition in the wheel to rail contact zone
changes considerably when sand is filled in. It can be
believed that the sand presence results in destructing
colloidal films in the contact zone and increasing the
wheel to rail cohesion force due to the presence of solid
abrasive particles that contact with the surface of
contacting bodies [5].

Today all locomotives are equipped with
pneumatic sand systems. Based on the studied designs
of sand systems and the literature they found a
considerable above-norm sand consumption, which
impairs the cost effectiveness and efficiency of the
locomotive in general [5, 6, 7, 8]. It should be noted that
the higher the speed, the more above-norm sand is
consumed in geometric progression.

The use of quartz sand leads to the “catastrophic”
contamination of the top layer of the track and
impairment of track drain properties behaviour and
ballast performance in terms of moisture removal. Sand
has the negative friction performance resulting in the
wheel squeak and corrugated wear of rails with short
vertical irregularities. In case of excess sand supply, its
destruction results in the generation of a huge number of
fine particles that are capable of staying in the
suspended state in the atmosphere for a long period of
time, thus deteriorating the environmental situation near
railway roads.
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In addition, in case of excess sand supply a major
part remains on rails after passing locomotive wheels
and this increases the train traffic resistance by 12-20%
[17 and fuel and electric power overconsumption,
respectively. So, the main issue of designing the sand
system is to ensure the minimum allowable sand
consumption.

The analysis of sand system designs [5-10] proves
that manual and pneumatic systems were used in the
process of locomotive operation. Manual sand systems
have two significant weaknesses; hence they are almost
out of use now:

1. Low effectiveness of using sand, which is
caused by the fact that the sand spilled by gravity from a
pipeline with nozzle onto rails goes beyond the shroud-
rolling circle, out of the rail, and is blown by wind and
vortexes generated at a high traffic speed. In accordance
with the US data it is expedient to use less than 1%
supplied by manual sand systems [5].

2. A large consumption of sand necessitated by
the sufficient increase in the cohesion factor in the
absence of sand supply control.

Pneumatic sand systems of two types are mainly
used in up-to-date locomotives: systems operated on the
blow-off principle — sand pushing by the air jet to sand
pipes and systems operated on the vortex principle —
blowing off top layers of sand in a special nozzle (Fig.
2).

By comparing sand flow rates in different sand
systems one may state that the maximum control limits
are produced by vortex sand boxes — from 0 to 6,5
kg/min per each sand pipe; blow-off type sand systems
change their flow rate from 5,25 to 7,25 kg/min, which
causes their inefficient operation at low traffic speeds.
The sand flow rate in manual sand systems is yet higher

[3].

To reach the optimal flow rate of sand, preliminary
researches of sand electrification were conducted by
electrostatic and tribostatic methods, which had the
positive result [11, 12].

The analysis of scientific and technical literature
showed that particles must be exposed to preliminary
electrification of particles for uniform distribution of
some particles over the metallic surface. Different
methods could be used for particle application on the
surface; however, the methods for particles conversion
into aerosol by means of spraying or fluidization and its
maintenance on the surface due to particles
electrification prevail. The aerosolized state is provided
to loosen the sand compacted in the sand system bin.
The electrostatic application of particles is based on the
principle of aerosolized particles electrification.

There are two ways of particles application in the
electrical field — electrostatic (with the charging of the
crown discharge field) and tribostatic (with the charging
due to triboeffect). Both methods are almost equivalent
in terms of employment level and each of them have its
own advantages and disadvantages (Fig. 3).

Results of the researches. Based on the complet-
ed theoretical and preliminary experiments a creative
solution was developed to improve the design of the lo-
comotive’s sand box (Fig. 4) [13].

The operating principle of the improved sand sys-
tem of the locomotive is as follows.

A bulk material (sand) is supplied from the bin 1
to the nozzle 2. When air is supplied from the air draft
pipe 6 to the nozzle 2, a mixture of bulk material with
air is formed and supplied through the pipeline 3 to the
accelerator 5 where the air jet from the air draft pipe 6
increases the mixture discharge rate and then enters the
nozzle 4.
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METHODS FOR SETTLING PARTICLES IN AN ELECTRIC FIELD
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Fig. 3. Methods for settling particles in the electric field

Fig. 4. Scheme of the improved sand system of the locomotive

The pipeline 3 and nozzle 4 are lined inside with
the material that ensures the effective charging of mix-
ture particles, has high resistance to wear, particle adhe-
sion when exposed to impact (such material can be pol-
ytetrafluorethylene which is one of the best acceptor in
the triboelectric series). In addition, such material shall
easily donate electrons (donors) and accept electrons
(acceptors). When mixture particles go through the
pipeline 3, the number and force of collisions between
particles and charging material 7 of the inner surface of
the pipeline 3 increase in the air pipe due to the forced
supply of the mixture. These multiple collisions be-
tween the surface 7 and particles results in transferring
the electrical charge. Charged and polarized particles of
the bulk material fall onto the earthed wheel 8 of the lo-
comotive and are maintained there by the charge forces
resulting from friction on the inner surface 7 of the pipe-
line 3 and nozzle 4. The particle charge also results in
attracting particles that failed to enter directly to the
wheel to rail contact zone when they leave the nozzle 4.
The tribostatic method ensures high-quality settling of
mixture particles on the wheel.

If this sand system is installed in the locomotive,
one should take into account that the nozzle to rail sur-
face distance is to be about 200-250 mm, in which case
the mixture particle settling effectiveness is the highest.
The material 7 is expected to be replaced with new one
as it wears.
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Conclusion. The completed systematic set of re-

searches allowed developing a resource-saving sand
system of the locomotive which was improved by tri-
bostatic method of sand charging. This design enables
the sand supply to the wheel raceway on rails, thus re-
ducing considerably its consumption, reducing the ad-
verse effect of ground sand on the environment and in-
creasing the locomotive traction force due to the in-
creased wheel to rail cohesion factor, this will improve
technical and economic indicators of the locomotive in
general.
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KoBraneus M.B., KpaBuenko K.QO., Ceprieaxo O.B.,
Hoxenxo B.C., Kepemer M.A., IIpocBipoBa O.B., KoBra-
Henb T.M. KpearuBHe pilmleHHs 3 NiABHILCHHSI TATOBO-
€KOHOMIYHHUX AKOCTel JT0KOMOTHBA

Bzaemooia xoneca ma petixu € ¢izuunoro ocnosorn pyxy
noi30ie ma saniznuyi. Came 6ono bazamo 8 4OMy BUIHAYAE
be3neky, weuUOKicmv pyxy ma pieeHb eKCHIyamayiiHux 6u-
mpam. Ilpu ybomy eumozcu 00 NOKA3HUKIE 63AEMOOIL KONC ma
PetioK y pi3HUX 30HAX KOHMAKmMy cynepeunusi. 3 00Ho2o 60Ky,
3uenieHHsa KOJic 3 peuxamu mac 6ymu maxum, wood 3abesne-
yygagcsa manull onip pyxy noisoa. 3 inwoeo 60Ky — 0aa peani-
3ayii HeobXiOHOT cunu mazu HeobXiOHO 3abe3neuysamu 6Uco-
Kutl ma cmabinbHull pieeHsb 3uenieHHs 10KOMOMUBHUX KOTIIC i3
nogepxHelo peiku.

Y pobomi nocmasnena mema — npogedenns docniodicens
MemoOi6 NIOBUWEHHsT MA206UX MA 2ATbMIGHUX SKOCMel J0-
KOMOMUBA ma 6UsAGIeHHs HAllbLIbw epeKmuero2o 3 Hux. Pos-
pobumu KOHCmpyKYilo, AKa 00360J4€ NIOGUWUMU MAL060-
3YinHi ma eanvmieHi AKocmi JOKOMOmMuUea ma 3abesneuumu
nioguujentHs eKkon02iuHoi be3neKu i3 3acmocy8aHHIM eHep2o-
ma pecypcoszbepicaiouux mexnonozit. Y pesyrvmami 0yno
NPOBEOEHO AHANI3 HAYKOBO-MEXHIYHUX Odicepen iHpopmayii,
Wo ceioyums NPo ICHY8AHHs PI3HUX MemOoOi8 NiOBUUeHHS M-
2080-34INHUX MA 2ANbMIGHUX AKOCMEl JTOKOMOMUGIB: KOHC-
MPYKYIHUX Ma eKCnLyamayitiHux.

Ha niocmagi 6ukonanoeo ananizy KOHCMpPYKYilt 3acmo-
COBYBAHUX NICOUHUX CUCTEM 6CIAHOGIEHO, Uj0 Y Npoyeci exc-
nayamayii 10KOMOMUGI8 GUKOPUCHOBYBANUCS PYUHI MA NHEG-
MamuyHi cucmemu, 8ugdeHi ix cymmesi HeOOMiKU ma nepesa-
2u.

Hns 0ocsenenns onmumanvhoi eumpamu nicky Oyau
nposedeHi nonepeoHi 00CIIONCeHHs 3 elekmpu3ayii nicky eie-
KMPOCMAMU4HUM ma mpuboCmamuyHum cnocobom, wo oanu

nosumuenuil pesyromam. O6uoa cnocoou npubIUsHO PieHO3-
HAUHI 30 MACUWmMabamu 3acmocy8anis, 0emaibHo 6UBHEHI ne-
pesazu ma HedOoNIKU KOJICHO20 3 HUX.

Ha ocnosi npogedenux meopemuunux ma nonepeomix
excnepumMeHmanbHux podim po3pobieno KpeamuseHe pilienHs
w000 YOOCKOHANEHHS KOHCMPYKYIi pecypco3bepieaiouoi nico-
YHOI cucmemu JTOKOMOMUBA, MOOEPHI306aHOI HA OCHOSI 3a-
CMOCYBAHHA MPUOOCMAMUYHO20 MEMOOY 3APAONCAHHSA NICKY.

Pospobaena koncmpykyia 0036o01s€ 3abe3newumu nooa-
4y nicKy 6e3nocepeonbo Ha 00PIHCKY KOYEHHA Kojecd no peli-
Yi, UM 3HAYHO 3MEHUWIUMb 1020 GUMPAMY, 3HUSUMb HeCHPUsl-
MAUBULL 8NIUE PO3MENeHO20 NICKY HA HABKOIUUIHE Cepedosu-
we i niosuwums CUIy mseu 10KOMOMuU8d, 3a PaxyHox 30inb-
wienHs Koeghiyicnma 3uenienns Koaeca 3 petikoio, wo CHpuse
NIOBULYEHHIO MEXHIKO-eKOHOMIYHUX NOKA3HUKIE TOKOMOMUBA
3G2a710M.

Knrouosi cnosa: saniznuynuii - mpancnopm,
AKOCMI, NICOK, el1eKmpu3ayis, Koieco, petixa.
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