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Puc. 7. UsmeHeHne nokasareneii, xapakTepusyloLmx
BeJINYUHY CUJ1 BTOPOro poAa, B 3aBUCUMOCTH OT yria
ob6xBaTa npu ABMXEHUN cozraa O KPUBOIA:
1-n=(a);2- =(aa).

Pic.7. Changing of indices that characterize values of
forces of secondary order, in dependence on the angle
of contact during train moving in curve: 1 — 1] = (aag ;

2-k=(a).

BbIBoI 0YeBM/IEH: MOTOP-BaroHHasi cxeMa
COCTaBa MPaKTUYECKM CBOOOIHA OT BO3HUKHO-
BEHUsI CHJI BTOPOI'O Pojia.

[IpencraBneHHbIE MCCIENOBaHUS €Ille pa3
JIOKa3bIBAIOT MEPCIIEKTUBHOCTb MOIYJIbHOM
CXeMbl KOMIUIEKTOBAaHUsI cocTaBa U Headdek-
TUBHOCTD TSIKEJIOBECHBIX I'PY30BBIX ITOE3/I0B
C TOJIOBHBIM JIOKOMOTUBOM (cM. [5]).

ITokazaB 3aKOHOMEPHOCTH BO3HUKHOBE-
HMSI CUJI BTOPOTO pojia IPU ABVKEHMU TT0e3/1a

10 KPUBOI, aBTOP HE TIPETEH/IyeT Ha BHICOKYIO
JIOCTOBEPHOCTD TTOJTyYeHHBIX TM(POBBIX 3HA-
yeHMiA 77 ¥ K , TOCKOJIBbKY SIBIIEHIE TIPOCKAJIb-

3bIBaHUS HE PAaBHOLIEHHO a0COJIOTHOMY
ckoJbxeHn0. HeobxonMMbl sKcriepruMeHTab-
HbIE MCCIIEOBaHNS B OTHOIIIEHUN OTIpE/IeIie-
HUS (DAaKTUUECKOW BEIMUMHBI i, B ITape rpe-

O0eHb — OOKOBasl TPaHb rOJIOBKU peibCa.

M3mepeHue tTaHHOTO oKa3atesist He Tpedy-
€T U3TOTOBJIEHUS JOPOrOCTOSILUMX YCTAHOBOK.
DTO MOXET OBITh BEITIOJIHEHO B Pe3yJIbTaTe Ha-
TYPHBIX UCTIBITAHUM C UCITOJIb30BAHUEM IITAT-
HOW M3MEPUTEJIBHON araparypsbl.
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THE TRAIN IN CURVE: ADDITIONAL POWER LOSSES

Alexandrov, Igor C. — D. Sc. (Tech), professor of Vologda State university, Vologda, Russia.

ABSTRACT

The article assesses relationship between friction forces
in the contactarea of wheelsetand rail and the features of
track curve. The study has been developed on the basis
of Euler formula that establishes a ratio of forces in a pair
rope — cylinder (capstan). Theoretical analysis argues
under certain conditions in favor of positive outlook of
modular trains (see also the article by the same author in
previous issue of Mir Transporta (World of Transport and
Transportation) Journal, 2013, Vol. 49, Iss. 5, pp.28-37
taking into account editorial remark on the necessity of
comprehensive study of the subject).

ENGLISH SUMMARY

Background. The motion of rail trains in curves causes
additional power losses and wear and tear of wheelsets
and rail heads. There are regulations that govern
construction of track curves providing for velocity and
train type [1, 2]. The methods to calculate the elevation
of exterior rail permit compensating lateral impact of
centrifugal force that influences train motion in curves.
The process of compensation with the help of inclination
of track to the turning side is described with the help of
pic. 1, formulas of physics laws (1). Inclination helps to
avoid impact of lateral centrifugal force and conicity of
the surface of wheels rolling permits to avoid slipping in
the curve. But the real intensive wear and tear of a rail
head and of a wheel flange (Pic. 2and 3) show that those
instruments are not sufficient to neutralize the negative
effect there-of.
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The process of wear and tear can be explained as
follows. The main part of the wheel, being in contact
with the rail on the rolling surface, receives peripheral
speed which is very close to transportation speed
of a wheel set, and the resistance of motion can be
evaluated through the value of the rate of rolling friction.
The wheel flange, which contacts lateral face of rail
head, has peripheral speed that considerably exceeds
transportation speed of wheelset(Pic.4). Consequently
the slipping arises between the bodies in contact and
this phenomenon has to be evaluated through sliding
friction rate.

According to tribological engineering studies [4] the
rate of sliding friction is by far higher than the rate
of rolling friction, and that is the reason for enlarged
wear and tear of wheel flange and lateral face of rail
head. The resistance to motion of the train in curves
causes necessity to increase the locomotive traction as
compared to traction at the straight track.

Objectives. The task s to find alternative solutions to the
problem of train motion in the curves besides increasing
traction forces of locomotive and to minimize power
losses.

Methods. The author focuses on the study of the process
of transmission of traction force from locomotive to
wheelsets during which the output flow is transformed.
The article considers train as a kinematic chain (it was
studied in [5]), using Euler formula and introducing the
notion of the forces of secondary order.



Results. The motion of the train in the curve maintaining
target (calculated) speed is impossible in running-out
regime, neither in braking regime. So the maintenance
of calculated speed is only possible in traction regime,
but this regime results in other (additional) lateral forces
that resist to the motion of a train headed by tractive
locomotive.

The forces of reaction of rail track that ensure the turning
of the train act strictly in horizontal plane. This action is
produced from the side of lateral face of rail head towards
flange of the external wheel, and is transmitted through
area of contact B (Pic.4) where slipping force arises. We
can name those forces of resistance to motion forces of
secondary order. The emergence of forces of secondary
orderdoesn’tdepend on velocity of the train. They appear
even when the train moves with the speed of a pedestrian
when we can disregard centrifugal force. Those forces
cannotbe compensated by inclination of track neither by
any other tool, as avoiding them we exclude the possibility
of turning itself.

The forces of secondary order appear because the vector
of traction effort of locomotive Pis permanently changing
its vector along the train which is moving in the curve
(Pic.5). The change of direction of force can be caused
only by another exterior force and this process is certainly
followed up with energy loss. In that very case this exterior
force is anything other than the force of reaction of the
track R - Itis a feature of turning of all inland vehicles.
But the train has a feature which is not characteristic of
any other inland vehicles. If we have a train consisting of
e. g. 100 wagons then it can have 400 wheelsets. Then
the vector of traction effort will change its direction 400
times (Pic.5).

Itis evident that there is no sense to show transformation
of traction effort P as discrete function of number
of wheelsets. But it is allowable, applying notion of
infinitesimal, to present change of P in the form of
continuous function of length of a train moving in curve.
In that very case it is possible to use solved problem
presenting train as a rope, which contacts with a part of
cylinder surface — curve of rail track, using Euler’s formula
(2). This ratio is established for static system.

We can proceed with a little manipulation with that system,
by getting it out of static state, by reducing confining force
by a value AQ. Then the rope will move relatively to
immobile capstan. The friction conditions in the pair
rope — capstan will change. The friction rate will reduce
as [Euler and 4] friction rate of quiescent state is
considerably higher than the rate of slipping friction:
H> Mg

The new state of the system can be presented as:

0-AQ=P-e™"; 0-AQ=Q,,;

where Q, - value of effort. That ensures system
motion with permanent velocity.

So we received a transmission mechanism and its
power efficiency can be assessed with coefficient of
efficiency ( 1] ), which is normally assessed by ratio

between power index at the issue of transmission
mechanism and the similar index at the entry. Let’s
use forces Omand P as power indices:

n=0,/P=1/e"". (3)

It is possible to use index of relative losses during
transmission: =1-77 . Then, knowing value of
traction effort P, o, necessary for motion of a train
on a straight track (P, is found by regular traction
calculation), it is possible to determine the value of
additional traction effort AP, necessary to overcome
the forces of secondary order while moving in the
curve:

AP=KP_ . (4)
The approximated values after calculation
(if friction rate in the contact area flange — lateral
face of rail head is u, =0,15 (according to [4] it is

the value of steel-steel slipping friction); curve has
angle of contact » /2 (Pic. 6)) are: 1 =0,7901;

k =0,2099.

Now if instead of a train headed by a locomotive,
we’ll use a train consisting of two modules, we’ll
have angle of contact for every module n/4, and n
=0,8889; k=0,1111.

With four modules (o.=n/8 ) m = 0,9428; k=0,0572.
Pic.7 shows calculations as chart.

Conclusions. The study shows good outlook
for modular scheme of trains and relatively low
efficiency of freight trains with head locomotive
(see [5]).

Discussion. Having demonstrated laws of forces
of secondary order for train moving in the curve,
the author does not pretend to have achieved
high faithfulness reliability of numerical values
of n and k, because slipping phenomenon is not
equal to absolute sliding. It is necessary to obtain
results of experimental studies to determine
actual value of p_ in the pair of flange — lateral
face of rail head. Measuring of that value will not
demand expensive devices and can be realized
with ordinary measuring tools.

Key words: railway, wheelset, rail, curve, friction forces, power losses, Euler’s formula.
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