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Abstract: This paper presents a new approach in studying and calculation of torsional stiffness of
wagons. The bases of calculation were established by L. A. Sadur, and then they were accepted by the
consortium ORE. This paper treats the creation of a simple model of the two-axle wagon which served
as a basis for derivation of an analytical expression for calucation of torsional stiffness of wagons
which is in compliance with the existing regulations. The model created can further be very easily
used as the starting point for determination of torsional stiffness of multi-axle wagons. .
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INTRODUCTION

The bases of calculation of torsional stiffness of
wagons were established by L. A. Sadur, and
then they were adjusted and accepted by the
Association of European Railways, UIC and
ORE (ERRI) [1], [7]. The regulations ORE B 55
[1] made in the period from 1980-1983 still
represent the valid methodology of checking and
calculation of torsional stiffness of railway
vehicles.

STIFF FRAME IN THE SPACE

In the period after passing the set of ORE B 55
regulations for calculation of torsional stiffness,
various models for calculation, both analytical
and numerical ones, have been developed.

Let us observe a stiff frame in the space shown in
Figure 1.
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Figure 1. Stiff frame in the space Oxyz

Let the frame be described by the coordinates of
the end points 1, 2, 3 and 4 in the following way:

x,(0,0,z)

x,(2a,0,z,)

x;(2a,2b,z,)

x,(0,2b,z,) 0

Let us consider that it is a stiff frame, i.e. there is
no clastic deformation of the frame. Let the frame
occupy an arbitrary position in the space, as it is
shown in Figure 2.
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Figure 2 Arbitrary position of the frame in the
space

Let us form three arbitrary vectors as it is shown
in Figure 3.
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Figure 3. Definition of the frame position in
the space

The necessary and sufficient condition for having
all points of the frame within the same plane is
that the mixed product of the vectors formed
should be equal to zero:

12(13x14) = o, )
That is, when we replace the coordinates of the
points:

(2a,0,2z, —z,)[(2a,2b, 2, —
After rearranging of the expression, we obtain:
Zy—z;tz3—z,=0. “4)

ELASTIC FRAME ON ELASTIC
SUPPORTS

Let us now observe an elastic frame in space.
Let us define the stiffness Cs as the relation
between the force acting on one end of the frame
(F) and the displacement of the same point (d).

c, == (5)

a
If the frame has elastic supports — springs, then,

according to [1], [8], obliquely symmetrical
forces of equal magnitudes arise in the supports.
According to [8], in thus created model it is not
important at which point disturbance is

introduced because force systems are always

formed as it is presented in Figure 4.
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Figure 4. Elastic frame on elastic supports

Displacement of the frame ends can be expressed
in the following way:

zy =z, + 6

;=230

£9 = Egp + & (6)
Zy=Zyp— 0

As Zyp, Zap , Z3g, Z4p are the points lying in the
same plane, the condition (4) must be fulfilled.
Now the coordinates of the deformed wagon
body satisfy the equation:

Z3=Z;t 23—z, =46 O

APPLICATION OF THE MODEL IN A
RAILWAY WAGON

If we know the total torsional stiffness of a type
of vehicle, then, on the basis of the chosen
running gear, it is possible to give the designers
of wagons the main guidelines for design or
redesign of the wagon body, or vice versa, if the
torsional stiffness of the body is known, then, on
the basis of the total necessary torsional stiffness,
it is possible to choose the corresponding running
gear [6,9,10].

For vehicle wverification, in accordance with
ERRI regulations, it is necessary to check the
torsional stiffness of the complete railway
vehicle. A railway vehicle possesses, besides its
body, an appropriate running gear with its elastic
elements, which is schematically shown in Figure
5. The model will assume that stiffnesses of the
elastic elements of the running gear are equal and
that they are connected with the body by the
points 1, 2, 3 and 4 (Figure 4).

Let the disturbance x be introduced in one of the
wheels as it is shown in Figure 6. Now it is
possible to express the frame position:
zi=h:zz=l);za=l:l:z4=l); (8)
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Thus defined disturbance of the track causes
deformation of the body:

- Zy—En+Zg—Z, h
_—— - 9
2 2 €))
Now the force acting at the wagon ends is:
h
AF = CSI (10)

By the very structure of the two-axle wagon, it is
possible to see that the wagon body resting
against the axle assemblies is supported by the
corresponding elastic elements — springs. Taking
this connection into account, it is necessary to
include the spring stiffness and their design
parameters in the wagon model for the purpose of
defining the increase in force due to the obliquely
symmetrical disturbance.

Il OcoBuHCKM ckron

F‘-—kx¢ qu

| OcoBuHCKM cknon

Figure 5. Schematical presentation of the wagon
with forces acting at the points of contact between
the wagon body and the springs in the suspension
system.

Figure 5 schematically presents the wagon which
rests, through the springs, with the length I; and
stiffness c;, against the axle assemblies that are,
through the wheels, in contact with the track.
Now the coordinates of the wagon ends can be
defined by including both the spring lengths and
their stiffnesses. Due to their dead weights Q, the
wagon springs will be deformed by a certain
value in the equilibrium position.

Let us take that the disturbance from the rail
denoted by /4 has been introduced at point 1.
Now:

z, =h+xy;

I3 = X5 (11)

23 = X3i

Ly = Xygi

where x; denotes the spring lengths.

The spring lengths can be expressed in the
following way:

x, =1 + x4 + Xy,
Xy =1y + 255 + x5y,
xy =13+ Xzg T Agy,
X, =1+ Xag T Xap,
where:

(12)

e [, - the lengths of the springs in a
nondeformed state,

® x;o - deformation of the springs due to
the weigth of suspended masses;

e x;, — deformation of the springs due to
torsion of the wagon body.

_ 9.
Xig = g (13)
where:
o i1=1,...,4;

e and k; denotes stiffnesses of the
springs, respectively.

If the wagon body is in the equilibrium position

and if it is considered to be an elastic body, then

the equilibrium of forces must exist in the contact

between the springs and the wagon body:

—kixi =C, a;

—k,x, =—C.&;
—k.x, =—C.0;

If thus obtained coordinates are now replaced in
the equation (73), it is obtained that:

* (15)
i.e. after rearranging of the expression,
i Qra 1 1 1
bt (1,14 -1 )4 e
Ckﬁ = 3 T :4 2 z kg (16)
E—k+k—:+_—:+k—5+a
ie.,

3 Ry (17)
It can be seen from the previous equations that
the variation of force due to the wagon torsion
depends, in the general case, on the design
parameters of the spring (free lengths of the
springs /; and stiffnesses of the springs k;), the
weight of the suspended mass of the wagon and
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the stiffness of the wagon body C;. If the springs
have approximately the same characteristics, i.e.
the same free lengths and same stiffnesses, than
the equation is as follows:

(18)

CONCLUSION

The model developed represents a new approach
in determination of torsional stiffness of railway
vehicles. The advantages of this model are seen
in the given analytical formula which represents a
basis for development of more complex models
for calculation. In this model, certain assemblies
with an approximately linear characteristic of
stiffness are decomposed.

The analytical expression for calculation of
torsional stiffness is in accordance with the
existing regulations ORE B 55 Rp:1 — §, ERRI B
12 DT 135, as well as with the regulations 14363.
The results obtained by calculation according to
the model presented and the results from testing
have a high degree of agreement.
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HOB I1OXO/J 3A AHAJIMTUYHO OIIPEJAEJIAHE
HA KOPABUHATA HA YCYKBAHE HA )KEJIE3OITbTHU BAI'OHH

Heo6oiima boroiiesny, Panko Pakanosuy, Iparan Ilerpouy, 3naran lomxkuy

Heboiwua boeotiesuy, npog. 0-p Panrxo Paxanosuu, npog. 0-p [pazan Ilemposuu, 0-p 3naman lowxuu
Mawwunen paxynmem ¢ Kpaneso, yn. JJocumeesa 1, Kpaneso,

Covpousn

Pesrome: Tosu doknad npedcmass HO8 NOOX00 3d U3CTE08AHE U UZHUCILEHUE HA KOPAGUHAMA HA
yeyksane Ha eazonume.. Ochosume Ha uzuucieHusma ca nocmaeenu om JI. A. Cadyp u nocne ca
npuemu om xoucopyuyma ORE. Jloknadvm pazenescoa cv30as8anemo Ha NPoCm Mooel Ha 8d20H C 08¢
ocu, KOUMO e OCHO8A 3a4 U36e)COAHemO HA AHATUMUYEH U3PA3 3d UZYUCTeHUe HA KOPABUHAMA HA
YCYK8aHe HA B8A20HUME 8 Cbomeemcmsue cvC cvuyjecmeysawume npagund. Cv30a0eHusm mooen
Modice 1ecHO 0a ObOe UBNON36AH KAMO OMNAPAGHA MOYKA 34 ONpedeiaie HA KOPAsUHAma Ha yCyKeaue

HA 6a20HU C MHO20 OCU.

Knrwuosu 0ymu: BACOH, JfCeNle3HUYA, usducilenue, yCyKkeare.
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