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Summary. The purpose of this article consists in research
of traction and dynamic indicators of an electric train with
operated pneumatic suspension. The object of research is
pneumatic suspension of a high-speed railway transport.
Work is performed by a method of theoretical research of
control systems of pneumatic suspension. In article the
algorithm of work of a control system is considered by
pneumatic suspension. And traction and dynamic indicators
of an electric train with operated pneumatic suspension are
also defined. The developed control system is recommended
for use on passenger high-speed railway transport.
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INTRODUCTION

The future of control systems is connected
by pneumatic suspension with control of geometry
of a way and parameters of interaction of a wheel
and a rail [1, 2]. Therefore the management
development of systems with using of GPS is the
actual task demanding the decision [18].
Proceeding from told above, the control system of
pneumatic suspension which differs from standard
ER-200 established on an electric train was
developed. The offered system allows to make
management of damping of fluctuations, to
regulate floor level depending on a static
deflection, from the speed of movement and a
condition of a way, using GPS system data [12,
17]. It represents the module in structure of which
three classical subsystems enter: measuring,
decisive (managing director) and executive. The
measuring subsystem consists of the sensor of
height of level of a floor, a global system of
positioning, the switchboard and the analog-digital
converter [19]. The decisive subsystem is
presented to the computer. It has the external

(system) interface. = The executive subsystem
consists of two electric air gates. And also from a
servomotor and a three-stage throttle which
regulate air supply from the additional tank in a
pneumospring. The object of management is the
pneumospring [20].

The algorithm of work of system is
described as follows, at the movement of the
vehicle there is a vertical relative movement of a
magnet along a plate to gerkonov’s sensors [14,
15]. At a deviation of a magnet of rather initial
situation the signal A which arrives on the
computer(up-down) is formed. In a case excess of
level it is necessary to turn on dumping electric air
gate which will let out a quantity of the
compressed air, and at level reduction, it is
necessary to turn on the electric air gate of the
forcing highway via which the compressed air in a
pneumospring moves. Set turn of a shaft of a
servomotor establishes the section of a throttle
necessary for damping [13].

For definition of traction and dynamic
indicators of an electric train AYR 200 with the
developed control system the software developed
on chair of railway transport of VNU of V. Dahl
and adapted for the solution of problems of this
work was used. The system consists of 27 bodies
(bodies 1, sides 4, cross beams of carts 2, ATED 4,
an anchor of ATED 4, wheel steam 4, and rails 8),
each of which has six degrees of freedom [13].
Rails under each wheel have two degrees of
freedom (the discrete model of a way is
considered). Dynamic indicators of an electric train
were determined for the range of speeds of
movement from 5 to 45m/s with in a draft mode by
a direct site of a way. The settlement scheme of an
electric train of ER-200 is submitted in (fig. 1.)
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Calculations were carried out for four
options of a rigidity of the second step of spring
suspension: for spring 5518 kN/m, for pneumatic
3200, 3400, 3600 kN/m. And also for four
conditions of a way: excellent, good, satisfactory
and unsatisfactory which in the program are
characterized by amplitudes of  vertical
roughnesses, respectively 0.01, 0.014, 0.02, 0.025
m (fig. 2) [6, 7].
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Fig. 1. Settlement scheme of an electric train of ER200
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Fig. 2. Theoretical dependences of dynamic vertical loading on a wheel on a rail from the speed of movement and rigidity of suspension for
an electric train: a) excellent condition of a way; b) satisfactory condition of a way; ¢) unsatisfactory condition of a way
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As showed calculations for mathematical
model of movement of an electric train application
of pneumatic suspension allows to reduce dynamic
influence from a wheel by a rail in the range of
speeds from 5 to 45 m/s twice in comparison with
spring suspension with 17,3 to 9,8%.

Deterioration of a condition of a way leads to
increase in dynamic loading from a wheel on a rail:
at a speed of 20 m/s for PS (pneumatic suspension)
to 3%; for a spring set to 4,2%; at a speed of 40
m/s for PSS to 5,6%; for a spring set to 8,5% (fig.
2).

With change of vertical rigidity of pneumatic
suspension with 3200 to 3600 kN/m the increase in
dynamic loading from a wheel on a rail to 2% for a
way in an unsatisfactory condition is observed.

Proceeding from told above, it is possible to
draw the following conclusion that pneumatic
suspension  application with possibility of
regulation of its rigidity allows to reduce dynamic
impact on a way in comparison with spring RP and
to increase the speed of movement of the rail
vehicle with preservation of satisfactory qualities
on indicators of vertical dynamics [9, 10]. We
carried out an assessment of change of indicators
of dynamics from regulation parameters. The
virtual site of movement (5000 m long) is
generated for this purpose. The site is randomly
broken into 6 pieces, to each of which the
condition of a way corresponds there. For the set
way a series of calculations in the range of speeds
of movement from 5 to 45 m/s was carried out.

As results of calculations showed, at speeds
of movement up to 30 m/s spring suspension
rather well carries out vibroprotective function.
However at movement over 30 m/s are desirable to
regulate rigidity of suspension that allows to do
pneumatic suspension.

In order that on all generated site the
coefficient of vertical dynamics didn't exceed an
indicator with level "well" it is offered on each of
sites of a way to regulate rigidity. Recommended
parameters of regulation of rigidity of the second
step of suspension are presented in table 1.

Table 1. The control parameters of pneumatic suspension

The indicator 0.01 | 0.014 | 0.02 | 0.025
bumps, m
The rigidity of the
2nd stage spring 3600 3400 | 3400 | 3200
suspension, kN / m

Results of regulation are presented in fig. 3
and they show that at movements of a rolling stock
with a speed over 30 m/s improvement of
coefficient of vertical dynamics at regulation of

rigidity of pneumatic suspension on the average for
25%, in comparison with spring suspension, for
5% in comparison with unregulated pneumatic
suspension is observed.

Thus regulation of rigidity of pneumatic
suspension in the range from 3200 to 3600 kN/m
allows us to achieve indicators of dynamic
qualities with level "well" on way pieces with
various limit parameters of roughnesses. While for
traditional spring suspension the dynamic indicator
corresponds to an assessment badly.
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Fig. 3. Change of coefficient of vertical dynamics depending
on a condition of a way at a speed of 40 m/s

In design and design practice as criterion of
an assessment of traction properties of the
locomotive the concept use of coupling weight is

accepted 17, [3, 8]. The

qualitatively characterizes change of vertical
loading of wheel couple at development by the
engine of force of draft. For the biaxial engine of
value of coefficient of unloading of wheel couple
are defined by base of a body and full wheel base

and don't depend on height 4, . We carried out an

coefficient 177,

assessment of application of pneumatic suspension
for regulation of traction indicators of an electric
train. The design of a pneumospring provides
placement in a rubber-metal element, or a metal
spring. Vertical rigidity of these elements is higher,
than pneumosprings [11]. Therefore for increase in
efficiency of coupling weight we offer to adjust at
the time of start-off pressure in a pneumospring so
that the body of the locomotive leaned on springs
or rubber-metal elements. It allows to reduce
turning moment of a body in the vertical plane and
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more ravnovnomerno to distribute loading between
wheel couples. For an assessment of influence of
such redistribution on efficiency of coupling
weight a series of calculations is carried out [16].

For calculations the Mathcad package was
used. Calculations showed that regulation of
rigidity of pneumatic suspension allows to improve
efficiency of coupling weight at the time of start-
off on the average to 2,5%.

CONCLUSIONS

The  analysis of calculations  for
mathematical model of movement of an electric
train showed that application of pneumatic
suspension allows to reduce dynamic influence
from a wheel by a rail, in the range of speeds from
5 to 45 m/s of two in comparison with spring
suspension (with 9,8 to 17,3 %)

At deterioration of a condition of a way the
increase in dynamic loading is observed at a speed
of 40 m/s for pneumatic suspension to 5,6%, for
spring to 8,5%.

With change of vertical rigidity of pneumatic
suspension with 3200 to 3600 kN/m the increase in
dynamic loading to 2% for an unsatisfactory
condition of a way is observed.

At movement of a rolling stock with a speed
over 30 m/s improvement of coefficient of vertical
dynamics at regulation of rigidity of pneumatic
suspension on the average for 25% in comparison
with unregulated spring suspension, for 5% in
comparison  with  unregulated  pneumatic
suspension is observed.

The principle of regulation of rigidity of
pneumatic suspension for the purpose of
improvement of traction characteristics is offered
at start-off. That allowed to improve efficiency of
coupling weight for 2,5% in relation to a standard
electric train.
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OIIPEAEJIEHUE TAT'OBO-IMHAMUNYECKUX
KAYECTB 2JIEKTPOIIOE3JIA C YIIPABJISIEMBIM
ITHEBMATNMYECKHWM PECCOPHbBIM
[MTOABEIINBAHMNEM

Kpacnobpuioicesa FOnus

AHHoTanus. Ilenp gaHHOW cTaThbU 3aK/IIOYAcTC B
WCCIIEeIOBaHUHI TSTOBO-IUHAMUYECKUX rokasaresuen
JNIEKTpoNoe3la €  YIpaBiIseMbIM MTHEeBMAaTHYECKUM

peccopHbIM IMojABelIMBaHUEM. [IpeaMeToM Hccie10BaHUs
SBJIETCA  ITHEBMAaTH4eCKOE  PECCOPHOE  IOJBELIMBAHUE
CKOPOCTHOI'O  JKEJIC3HOJOPO)KHOrO  TpaHcmopra. Pabora
BBITIOJTHEHA METOJIOM TE€OPETUYECKOro HCCIIeI0BaHUS CUCTEM
yOpaBJeHHUs THEBMAaTUYECKOr0 PECCOPHOTO MO/IBEIIMBaHMs. B
CTaTbe PACCMOTPEH AITOPUTM PaOOTHI CHCTEMBI yIPABICHUS
MTHEBMATHUECKHM PECCOPHBIM TIOJBEIIMBAHUEM. A TaKKe

OIpeIeNIeHbI TATOBO-ANHAMHUYIECKHE ToKa3aTenu
3NEKTPOnoe3a c YIIPaBJIEMbIM ITHEBMATUUECKUM
nojBelMBaHueM. Pa3paboTaHHas cucTeMa  yIpaBJICHUS

PEKOMEHAYETCS Ul HUCIHOJB30BaHHSA Ha IACCaKUPCKOM
CKOPOCTHOM K€JIE3HOAOPOKHOM TPAHCIIOPTE.
Knrouesrie CJioBa: MHEBMOpECCcopa,
CEpBOABUTATEIID, ’I'peXCTyHeH‘IaTBIﬁ
DJICKTPOITHEBMATHUICCKUE BCHTHUJIN,
JUHAMHYCCKUEC IIOKA3aTCIIN.
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