weit P kecTko-ymapHoro xapakrepa. Otum
OOBSICHSIETCSI TO, YTO IIPUMEHSIEMbIE 1 O0/IbIIIOE
KOJIMYECTBO BHOBBH pa3pabaThiBacMBbIX
YCTPOMCTB, yACP>KMBAIOIINX TOPMO3HBIE KOJIO-
KM OT HAKJIOHA 1 OIIMPAHUS BEpXHEN KPOMKOM
B KoJieca, B OKCIUTyaTallMOHHBIX YCIOBUSIX M1O-
Ka3bIBalOT MaJjiblii pecypc M, KakK IpaBUIIO,
OKa3bIBaloTCs HEA(D(EKTUBHBIMMU.
BrimonHeHHBIE MCCIeA0BaHMS TTO3BOIIN
TEOPETUUECKN 00OCHOBATh HAIIPaBICHUS TIpa-
KTUYECKOT'O PEILICHUST 3a1aull, KOTOPhIE ATy ObI
BO3MOKHOCTb YCTPAHUTh BBISIBICHHBIC HEIO-
CTaTKU M CO3[aTh NMPUHIMUITMAIbHO HOBBIC
TeXHUYECKUE MPEANOChUIKN K MOIEPHU3ALINHI
TOPMO3HOM CHCTEMBI IJIST TeNIeKEK IPY30BbIX
BaroHoB (mateHT UA Ne 87764 ot 10.08.2008).
Kadenpa «Baronsl» YkpanHckoii rocyaap-
CTBEHHOM aKaIeMHHU KeJIE3HOIOPOXHOIO
TpaHCIIOpTa COBMECTHO ¢ KploKOBCKMM Baro-
HOCTPOUTEIbHBIM 3aBOIOM ITPOBOIUT PACIIIH-
PEHHBbIE PKCIUTyaTallMOHHBIC UCIIBITAHUS
MOJCPHU3UPOBAHHBIX TOPMO3HBIX CUCTEM
Tesiexkek Monean 18-100 Ha ogHOM BaroHe
XOTIMEep-103aTOPHOM BEPTYIIKU B TEUCHUE
yeThipex jeT (mpoder 6osee 80 THIC. KM)
U Ha JIeCSITU MOJyBaroHax Ha IPOTSKEHUU
oostee aByx aeT (mpooder okosio 200 TIC. KM).
INepronnyeckne odCnenoBaHNST TOPMO3HBIX
CHUCTEM 3TUX BarOHOB 1 HAKOILJICHHBII CTaTHU -

CTUYECKUI MaTepral 1OKa3bIBAIOT UX YCTOM-
YUBYIO pabOTOCIOCOOHOCTb.

TapanTueit BEICOKOI 3(D(heKTUBHOCTH TE€O-
peTuyeckKu 000CHOBAaHHOI MOAEepHU3ALUU
TOPMO3HOI CUCTEMBI TEIEXKEK SIBJISIETCS TO, YTO
MyTeM M3MEHEHMSI XapaKTepa IeCTBUS TPaBU-
TAallMOHHBIX CUJI MOCJAEAHUE HE HAKJIOHSIIOT
TOPMO3HbIE KOJIOAKM A0 ONMMUPAHUSI B KoJieca,
a pa3paboTaHHas1 KOHCTPYKIIMS HAITPaBJISIOILIC-
IO YCTPOIicTBa 00ECIIeYMBAET CTPOrO PaBHOMED-
HO€ yIEP>KaHUE TOPMO3HBIX KOJIOAOK OTHOCU-
TeJIbHO 00pa3ylollieil TOBEPXHOCTH KaTaHUs
xouec. [oBbIITIeHHAs! HAIEXKHOCTD TOCTUTACTCS
IPOCTOTOM KOHCTPYKIIMM U HEUTpalIu3aluein
Pa3pyLIUTENLHO AEHCTBYIOIIETO MOMEHTA CUI.
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ON THE MODERNIZATION OF THE BRAKE SYSTEM OF FREIGHT CARS

Martynov, Igor E., Ukrainian State Academy of Railway Transport (UkrGAZhT), Kharkov, Ukraine.
Nechvoloda, Constantine S., Ukrainian State Academy of Railway Transport (UkrGAZhT), Kharkov, Ukraine.

ABSTRACT

The intensification of works to improve the
running parts of freight cars in recent years is
associated with significant deficiencies in the
design of bogies. Extensive research is
conducted, entirely new designs are created,
existing systems are upgraded, and performance
tests are conducted in the Russian Federation,
the United States, China, the Ukraine and other
countries. Components and spare parts,
affecting driving performance of cars, are mainly
exposed to changes and much less attention is
paid to a brake system of bogies, which is very
important in terms of train safety. In some
innovative types of bogies attempts are made to
improve the brake system with a variety of
additional devices. However, during field tests
this modernization shows often unsatisfactory
results and its implementation is rejected due to

lack of efficiency and reliability. The main
problem is the inability to achieve complete
return motion of the brake shoes from wheels
during brake release. Three-piece bogie brake
system, which is currently in use (including for
innovative options) was developed in the 30s of
the last century [4] so that the amendment of the
design changes entails a violation of dimensional
chains, to which the main parameters of brakes
performance are related. Because of this,
researchers and designers are still unable to find
an effective solution for increasing the reliability
of brake systems of bogies.

The objective of the authors is to investigate
some theoretical and practical issues of modernization
of brake systems of freight cars, using mathematical
and engineering methods.

The article results in a theoretical justification of
negative properties associated with uneven return
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motion of brake shoes from wheels in the brake
system of three-piece bogies. Besides kinematic
analysis reveals the conditions under which innovative
solutions are possible. The guarantee of high
efficiency of theoretically grounded modernization
of the brake system of bogies is that by changing the
nature of gravitational forces the latter do notincline

the brake shoes to mounting in wheels, and
developed design of the guide device provides a
strictly uniform keeping of brake shoes relative to the
forming wheel tread. Improved reliability is achieved
by simplicity of design and the neutralization of
destructive force moment.

Keywords: railway, freight car, brake system, kinematics, negative properties, uneven return motion

of brake shoes, modernization, efficiency.

Background. The intensification of works to improve
the running parts of freight cars in recent years is associ-
ated with significant deficiencies in the design of bogies.
Extensive research is conducted, entirely new designs are
created, existing systems are upgraded, performance tests
are conductedin the Russian Federation, the United States,
China, the Ukraine and other countries. Components and
spare parts, affecting driving performance of cars, are
mainly exposed to changes and much less attention is paid
to a brake system of bogies, which is very importantin terms
of train safety.

With some innovative types of bogies (models 18-578
the Russian Federation [1], 18-4129 the Ukraine [2], ZK1
China [3], etc.) attempts are made to improve the brake
system with a variety of additional devices. However, during
field tests this modernization shows often unsatisfactory
results and its implementation is rejected due to lack of
efficiency and reliability.

The main problem is the inability to achieve complete
return motion of the brake shoes from wheels during brake
release. Because of this, when the trains move without
braking, braking shoes are inclined, clearance gaps relative
to the wheel are often uneven and absent, the upper edges
of brake shoes rest on wheel tread that creates the harmful
friction on rotating wheels. A local effacement is formed on
the upper parts of the friction surface, which not only sig-
nificantly reduces the service life of brake shoes, but also
leads to deterioration of braking efficiency due to the reduc-
tion of the area of the working contact and eccentric redis-
tribution of brake application effort on wheels. Motion re-
sistance and corresponding spending of traction power
increase, as well as the likelihood of thermomechanical
damage on the wheel tread.

Three-piece bogie brake system, which is currently in
use (including for innovative options) was developed in the
30s of the last century [4] so that design changes entail a
violation of dimensional chains, related to main parameters
of brakes performance. Because of this, researchers and
designers are still unable to find an effective solution for
increasing the reliability of brake systems of bogies.

Objective. The objective of the authors s to investigate
some theoretical and practical issues of modernization of
brake systems of freight cars and to offer the description of
the newly designed device.

Methods. The authors use analysis, mathematical and
engineering methods.

Results. Our analysis of the kinematics of the brake
shoe extending from a wheel tread during brake release,
showed that the pendulum suspension of shoes provides
not only their translational motion away from the wheel, but
also rotational motion relative to the center O (Pic. 1). The
upper edge of the shoe moves along the arc of a small ra-
dius r,, and the lower edge moves along the arc of a sub-
stantially larger radius r, that at the deflection of the pendu-
lum suspension to the angle o.involves backward movement
of the middle part of the brake shoe from the wheel for a
distance A, and of the upper and lower edges for signifi-
cantly different distances A and A,

For small values of the angle of deflection of the pen-
dulum suspension (up to 3°), which takes place in real
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conditions, the values of such gaps can be approximated
with accuracy sufficient for practical calculations by the
following analytical expressions:

— Forthe upper edge of the brake shoe

A, =Taeinds (1)

— For the middle part of the brake shoe
A= ol 0
mid 1 8 O ;
— For the lower edge of the shoe brake
_ Tehea

=T (3)

wherer,, r,..andr are radii of the trajectories, on which the
backward motion takes place respectively of the upper,
middle and lower parts of the brake shoe relative to forming
wheel tread; o is a deflection angle of the pendulum
suspension during brake release.

The results of calculations of the clearance gaps to
which the brake shoe is removed on the pendulum suspen-
sion during brake release from the forming wheel tread are
shown in Table 1.

These data show that the upper edge removes from
the wheel at the value A , which is significantly less than the
minimum permissible value set by the standards (5 mm),
while the lower edge extends at the value A, which is sig-
nificantly greater than the maximum permissible of 8 mm
[5]. Therefore, in the process of upgrading of brake system
itis necessary to eliminate such unevenness and provide a
condition where A =A, . =A,

Along with this negative property, inherent of a typical
brake system of freight car bogies, there is yet another
design flaw. It, like the first one, affects the uneven return
motion of brake shoes from the wheels.

In order to justify the reasons for this, we consider the
action scheme of the drive mechanism of a pair of brake
pads belonging to one wheel set in the bogie (Pic. 2).

At brake release the brake cylinder eliminates the force
ofpressure of brake shoes to the wheels. The scheme shows
that, due to significant weaknesses in the design of the drive
mechanism, return motion of brake shoes from the wheels
is distorted by the turn to mounting of the upper edges of
the brake shoes into the wheels to form a reaction force R.

The analysis revealed that the vertical heavers 1 in the
bogie are attached by cylindrical joints to the rod 2 of the
brake beam through the hole 3 and by their mass violate the
balance of the drive mechanism relative to its connection
with the lower hinges of the pendulum suspension 4. The
weight of the vertical heaver of parts attached to its upper
and lower hinges (they are brake gears) creates a force
moment
M =PI, (4)
where P is gravitational force, generated by the weight of
the vertical heaver and details attachedto it; |, is a distance
between the axes of hinges of joining of the vertical heaver
to the rod of the brake bean and the pendulum suspension.

As a result of action of the force moment M at brake
release rotation of all components of the drive mechanism
to mounting of the upper edges in the wheels by the reaction

(2
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Table 1

The calculated values of the clearance gaps between
the brake shoe and the wheel depending on the
angle of deflection of the pendulum suspension

Deflection angle | The value of the formed gap,
of the pendulum | mm

suspension

a° Au Amid AI

1 1,9 583 8,5
1,5 2,9 8,0 12,8

2 3,8 10,6 17,1
2,5 4,8 13,3 21,3

3 5,7 15,9 25,5

force R occurs. To determine it, we form an equation of
force moments relative to the lower hinge of the suspension
4, taking into account that the force P applied in the middle
part of the brake beam is distributed to both of its brake
shoes

P =2R, (5)
from which

Pl
R=—"

oL (6)

where R is reaction force of mounting of a brake shoe on a
wheel;

1,is arm of the force P;

1,is arm of the force k.

Considered forces that adversely affect the brake
system of bogies, inclining brake shoes to mounting on
wheel treads, are caused by the weight of components,
which in the brake system are connected by cylindrical joints
with relatively large gaps (1-10 mm). And since they are
placed in unsprung part of the bogie, the forced vibrations
of parts during the movement of the car contribute to move-
ments of the shock nature in pin-connected joints. As a
result, the force P is greatly increased by a dynamic com-
ponent P, of the hard-shock nature. This explains the fact
that the applied and a large number of newly developed
devices that keep the brake shoes frominclining and mount-
ing of the upper edge in wheels, under operating conditions
show a small resource and are usually ineffective.

Conclusions. The conducted studies provided the
theoretical justification of a vector of practical solution of the
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