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Summary. The work is devoted to study of friction
indices influence in the "body — bogie" system in freight
cars (the change of the friction coefficient in the side
bearers during operation) on their basic indices — the
coefficients of the horizontal and vertical dynamics,
vehicle body acceleration, frame strength, and
derailment stability coefficient. The study was
conducted by mathematical modeling of the freight car
dynamic loading wusing the software package
«DYNRAIL». The focus was mainly concentrated on
the influence of the friction force change between the
body and bogies. Theoretical studies of dynamic loading
of the freight open cars were conducted in both the
empty and loaded conditions with the bogies model 18—
100 during motion in the tangent and curved railway
sections with different radii and the established motion
speeds. In this case, the basic dynamic parameters of the
freight car were calculated. The theoretical research
results in determination of freight car dynamic indices
taking into consideration the friction coefficients in the
system ‘“body — bogie” allow for an adequate
assessment of the friction coefficient between the
freight car bearers parameters, on the railway traffic
safety factors (coefficients of dynamics, vehicle body
acceleration, frame strength and derailment stability
coefficient).
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INTRODUCTION

The railway transport in developed
countries plays an important role in social and
economic life of the country and carries out
the large containment of transportation
activities [3, 4, 7].

This motivates the transport industry to
move towards innovation changes and increase
its significance as an important transit
subsystem on the way of renovation of both
the infrastructure and the strategy of all
transportation process components including
the interaction with other transport modes [15,
18].

First of all the basic areas of the railway
industry activity are the following:

— development of the high-speed train
traffic,

— improvement of the road safety,

— development of new rolling stock and
modernization of the existing fleet.
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PROBLEM DEFINITION

According to the previous publications
[6, 11], the researches of freight car dynamics
is a complex theoretical problem. Its purpose
is the definition of permissible and safe speeds
in terms of interaction between wheels and
rails.

Due to the urgency of this subject one
should cope with the task to study the effects
of various factors and characteristics of
technical conditions of the freight cars running
gears (which are unavoidable to arise during
operation) on their basic dynamic indices.
Among these factors the system "body —
bogie" plays an important role. This paper
focuses on the impact of the friction force
changes between the body and bogies [24, 25].

Theoretical studies were conducted by
the mathematical modeling of dynamic
loading of the open car in both the empty and
loaded conditions with the bogies TsNII-Kh3
(model 18 — 100) during motion in the tangent
and curved railway sections with different
radii and the established motion speeds. In this
case, the basic dynamic parameters of the
freight car were calculated [2, 9].

Mathematical modeling of the freight car
dynamic loading was carried out using the
software package «Dynamics of Rail
Vehiclesy («DYNRAIL») [15, 16, 17]
developed in  Dniepropetrovsk  National
University of Railway Transport named after
Academician V. Lazaryan.

THEORETICAL BACKGROUND

The first studies on sliding friction were
conducted by Kulon and were repeated by
Moren [1, 26]. The founder of the theory of
friction with lubrication is a scientist M.
Petrov. Further the theory was developed in
the writings of M. Zhukovsky and other
researchers.

As we know, there are two cases of
sliding friction:

1) friction at rest and, in particular, the
friction at the start of motion,

2) friction in motion.

When the system is in equilibrium state,
the pressure of horizontal surface on the
element has a resultant N, normal to the
surface, which is equal and opposite to the
weight P of the body with the weight (Fig. 1, a).

R\ AN

Fig. 1. Schematic illustration of the forces between
bodies including friction: a — at rest, b — with one
contact point — friction cone

The reaction of surface R on the body is
equal and opposite to the resultant of weight P
and the applied horizontal force Q. This
reaction is decomposed into two parts: the
normal N, equal and directly opposite to the
force P and the tangential F, which is equal
and opposite to the force (. Tangential
component is the force of friction. For the
angle f between the reaction R and the normal
N we have:

. (1)

~

F
t =—=
&b N

If one gradually increases the Q, then
there is a moment when the force reaches the

value F,, at which body is put into motion.

The corresponding numerical value F,of the
force F' is called the friction at the start of



RESEARCH OF FRICTION INDICES INFLUENCE ON THE FREIGHT CAR DYNAMICS 161

motion. The corresponding value ¢ of the
angle f for which:

FP
=7 2
igp=—" (2)

is the angle of friction.

Sliding starts from the moment when the
resultant of forces P and Q, applied to the
body, makes an angle with normal that
exceeds ¢.

Kulon measured the values F, and ¢

during the experiment, on the results of which
he deduced three laws [1, 26]:

1. Friction at the start of motion does not
depend on the area of surfaces that are in
contact.

2. It depends on the nature of these
surfaces.

3. It is proportional to the normal
component of the reaction, or the normal
component of the pressure.

Constant correlation of the friction force
F,at the start of the motion to the normal

reaction N, or to the normal pressure P, is the
friction coefficient f:

_Ee _Fp
=N 3)

The angle of friction ¢ is determined by the
formula:

tgp=1f. 4)

In practice, equilibrium of bodies with
friction at one contact point is the prevalent
case. In this case it is considered the body S
(Fig. 1, b) laid on another body S’ with which
it has a contact on the very small part of the
surface [1, 26]. It is assumed that the latter
reduced to one point A. The reaction R of the
body S’ on the body § is the normal reaction N
and the tangent reaction F, the direction of
which is unknown and the maximum is equal
to /- N . The angle f between R and N will be
less than the friction angle ¢. In order to bring
the body S to equilibrium, a balance between
the forces applied directly to the body S and

the reaction R is necessary, or the forces
applied to the body should have a resultant
equal and directly opposite to the force R, that
is:

a) passing through the point 4,

b) directed in the way to press the body §
to the body ',

¢) making an angle with the normal AN,
which is less than the angle of friction.

These necessary demands are sufficient
and if they are met, it is possible to assume
that the resultant of the applied forces is
moved directly to the point 4 and is
decomposed into two forces: the normal force
P and the tangent force Q. Under the influence
of these forces the sliding is absent, as the
angle of the resultant with the normal is less
than ¢, therefore (Fig. 2, b):

s 0<rop, (5)
P

and the tangential component is less than the
friction at the start of the motion. If the cone of
revolution with the axis AN, which makes an
angle ¢ with AN is considered, then to put it to
equilibrium it is necessary and sufficient the
forces had the resultant, the direction of which
passes through the points 4 and C, lying in the
middle of the cone.

From the previous considerations one
can conclude that any applied to the body
force, which passes through the point 4 and
makes an angle with the normal, less than o,
1.e. the force lying in the middle of the cone C
is balanced by the reaction of the body, since
this force can be decomposed as we described
above.

To calculate the angle of friction let us
set up a static equations, from which we
obtained:

R =R-cos =N, (6)

. lim
Ry=R-sinf=F, <F, ~ <N-f=cosp,(7)

where: R, R,are the components R
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After  performing the  arithmetic
operations we can see that:

R-sinB<R-f-cosf, (8)

gf<p. )

Friction angle — is the force angle with N,
the tangent of which is equal to the coefficient
of friction:

1gdg, =/ B<4,. (10)
Coefficient of friction f — is a
dimensionless quantity, it 1is determined

empirically and depends on the material of the
contacting bodies and surfaces (character of
treatment, temperature, humidity, etc.).

The coefficient of friction f; for some
materials:

—wood friction 0,4 — 0,7,

— metal friction 0,15 - 0,25,

— steel on ice friction — 0,027.

In the case of motion, it is assumed that
it is moving the solid body, limited by some
surface and contacting with another body in
the point. If there is a friction, the reaction of
one body on the second is decomposed into
two forces: the normal N, which is called a
normal reaction, and tangent F, which is the
force of friction and is subject to the following
three laws:

1. The friction force is directed to the
side opposite to the relative velocity of the
material pointing relation to the body surface.

2. It does not depend on the velocity
magnitude.

3. It is proportional to the normal
reaction: F = /- N, coefficient f is the friction
coefficient at the start of the motion.

According to Hertz's experiments, these
laws can be applied mainly in the case of
direct friction (i.e., when the friction surfaces
are dry). They should be changed if the
surfaces have lubricants. In this case the ratio

% depends on the speed and the force N
[26]. During engineering calculations one

usually comes from the number of empirically
established laws that with the sufficient

accuracy reflect the basic features of the
friction phenomenon.

Dynamic coefficient of the sliding
friction f is also the dimensionless quantity
and is determined empirically. The coefficient
value depends not only on the material and
condition of the surfaces, but also, to some
extent, on the speed of moving bodies. In most
cases, when the velocity increases, the
coefficient f initially decreases and then keeps
almost a constant value [19].

MAIN PART

Establishment of admissible car speeds
in tangent and curved track sections is a
challenging engineering task that requires a
differentiated approach and takes into account
the technical condition of the track
superstructure (TS) and the running gears of
the rolling stock [8, 12]. Permissible speeds
were determined at the results of comparison
of the obtained dynamic parameters with the
permissible  values according to the
“Standards” [10].

Among all the friction pairs in
determining the dynamic loading of the freight
cars the friction in the system "body — bogie"
is one of the dominants. It is the study of the
system in connection with the technical
condition of the freight cars running gears and
determination of their basic dynamic
parameters this research is dedicated to [20,
21, 22, 23].

The bearing connection of the body and
bogies is the most important subsystem of the
freight car. Dynamic and other technical and
economic characteristics of the car depend on
the correct choice of structural schemes and
parameters of this subsystem. The car body
oscillates during the motion and makes angular
rotations relative to the vertical, longitudinal
and transverse axes. The main bearing
connection of the body and bogie is center
plate — center bowl, in which is realized the
friction torque, preventing rotation of the
bogie around the vertical axis, as well as
frictional forces, preventing movement along
the longitudinal axis of the body and along the
transverse axis [13].
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The main functional purpose of the body
bearers and the bolster is to prevent excessive
swaging of the body center bowl of the bogie
and to reduce the wabbling. In this moment the
friction in the bearing connection center plate
— center bowl — bearers should not exceed
certain values in order to avoid the excessive
impact on the track, wheel sets and axle box
truck [27, 28].

RESULTS OF RESEARCHES

In the study of the friction influence on
the dynamic loading of the car several
consitions considered:

— the normal condition, at which the
damping factor is taken as 1,

— the condition of the low friction, which
arises in the bogie construction when the gib is
higher as compared to the normal condition, in

Kdv

163

that case the coefficient ¢ is taken as 0,2
or 0,5,

— overdamped condition of the system, at
which the coefficient ¢ is taken as 1,5,

— full absence of the friction in the
system, at which the coefficient ¢ is taken
as 0.

As a result of the calculations the
dependency diagrams of the basic dynamic
parameters were constructed (Fig. 2):
coefficients of the vertical
horizontal dynamics,

— frame strength,

— coefficient of resistance,

— horizontal and vertical acceleration of
the four—axle freight open car body, taking
into account the speed of motion from the
friction coefficient of in the system "body —
bogie".
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Fig. 2. Change diagram of dynamic performance from the motion speed:

a — the coefficient of vertical dynamics, b — the coefficient of horizontal dynamics, ¢ — frame strength,
d — stability coefficient, e — horizontal acceleration of the body, f— vertical acceleration of the body



RESEARCH OF FRICTION INDICES INFLUENCE ON THE FREIGHT CAR DYNAMICS 165

From the resulted diagrams one can see
that the basic dynamic performance of the
four—axle freight open car is not significantly
depends on the friction coefficient and at the
motion speed up to 100 km/h within the

allowable values, corresponding to the
“Standards” [10].
The theoretical calculations allow

concluding that the friction in the bearing
connection center plate—center bowl-bearer of
the freight open car in empty and loaded
conditions with the bogies TsNII-Kh3 (model
18 — 100) doesn’t have a significant impact on
the road safety performance. It is the radii of
the curved track sections and the outer rails

height, etc influence the road safety
performance.
CONCLUSIONS
I. As a result of researches the

dependencies of the basic dynamic coefficients
of the four—axle open car from the friction
coefficient in the system "body — bogie",
taking into account the motion speed were
obtained.

2. Thus, the obtained results of
calculations allow evaluating the impact of the
technical condition of the car running gears on
the road safety performance.
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UCCJIEJOBAHUE BJIMSHUS [TIOKA3ATEJIE
TPEHIA HA JIUHAMUKY I'PY30BOI'O BATOHA

Cepeeii Mamnun, Jlapuca Heoyorcas,
Anexcanop Ten, Anocena Illsey

AHHOTanus. Pabora mNOCBsIIEHA HCCIETOBAHHUIO
BIMSHHS [OKa3zaTejeld TPEHUS B CHCTEME «KY30B —
TENIeKKA» TPY3OBBIX BaroHOB (M3MEHEHHE 3HAYCHUS
koo uIMeHTa TpeHHs B CKOJNb3YHaX BO BpeMs
9KCIUTyaTallid) Ha WX OCHOBHBIE TIOKa3aTelH —
KOO(GHUIMEHTBl TOPU3OHTAIBHON M BEPTUKAJIBHOM
IUHAMHUKH,  BEPTUKAJbHbIE W  TOPU3OHTAJIBHBIE
YCKOPEHUS] Ky30Ba, paMHYI0 CHIYy, Ko3(h(uimeHrt
YCTOHYMBOCTH OT CXOa C peJbcoB. VccimemoBanue
MIPOBOINIIOCH METO/IOM MaTeMaTH4eCcKOro
MOJICTIMPOBAHMSl ~ JUHAMHUYECKOH  HArpy)KEHHOCTH
IPY30BOr0 BaroHa C KCIOJIb30BAaHHEM IPOrPAMMHOIO
kommiuekca «DYNRAIL». OcHOBHOe  BHHMMaHHE
YIENSUIOCh B OCHOBHOM BJIMSIHMIO HM3MEHEHHsS CHIIBI
TPEHHsI MEXIy Ky30BOM M TelexKaMu. TeopeTndeckue
HCCIIEJOBAHUS JTIMHAMHUYECKOM Harpy>KeHHOCTH
IPY30BOTO IOJyBaroHa MPOBOJAWIIUCH B IIOPOXKHEM U
TPY)KEHHOM cocTossHuU ¢ Tenexkamu [[HUM-X3
(Monens 18—100) mpu OBMKEHUH B NPSIMBIX U KPUBBIX
y4acTKax J>KeNe3HOH JOpOrM pa3jMYHBIX PaJHyCcoB C
YCTaHOBJICHHBIMHU CKOPOCTSIMH ~ JIBHIKEHUSL. B
pe3ynbTaTte WCCIEAOBAHWM, C WENbI0 OIpEeAeIeHUs
JTUHAMHYECKUX TIOKa3aTeJeldl TIPY30BBIX BaroHOB C
y4eTOM BIMSHHS TIOKa3aTeJded TpeHUs, IONydYeHBI
3aBHCHMOCTH OCHOBHBIX JWHAMUYECKHX I1OKa3aTelei
OT M3MEHEeHHUs 3Ha4yeHus KoddduimeHTa TpeHUS B
CKOJIb3yHaX C Y4ETOM CKOPOCTH JIBMXKEHHsS Ha MPSMBIX
W KPHUBBIX MajJiOr0 M CpEeIHEro paauyca ydacTkax
KeNe3HoW  Joporu.  Pe3ymbraTel  TeOpeTHUECKUX
HCCIIEeIOBAaHUI OTIpeJIeNIeHUs JIMHAMHYECKUX
MoKazaTesiell TPY30BBIX BarOHOB C Y4E€TOM ITOKa3aTelei
TPEHHsT B CHCTEME «KY30B — TEJIEKKa» MO3BOJISIOT
00BEKTUBHO OLIEHHUTH BIHSHUE KOI(HUIMEHTa TPEHUs
MEXY CKOJBb3YHaMH IPY30BbIX BarOHOB Ha MOKAa3aTelH
0€30MacHOCTH  JIBIDKEHHSI TI0  JKEJIe3HOM  Jtopore
(k03 GUIMEHTHI TOPU30HTAIBLHOW W BEPTUKAIBHOM
IUHAMHUKH,  BEPTUKAJbHbIE W  TOPU3OHTAJIBHbBIE
YCKOPEHUS] Ky30Ba, paMHYI0 CHIYy, Ko3(h(UuImeHTt
YCTOHYMBOCTHU OT CXO/Ia C PEIHCOB).
KnoueBrie cloBa: Ipy30BBIE
CKOJIb3YHBI, TUHAMHYECKUE [TOKA3ATEIH.

BaroHbl,



