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Abstract

This article covers the use of analvtical technique of solutions for flexural and longitudinal fluctuations of the
bearing framework of a railcar body frame in the forin of an elastic core of variable section with a variable weight,
Hexural and longitudinal vigidity. The calculation is performed for the madernization of the body frame of emergency
and repair rail service car, taking into account the variability of section, mass, longitudinal and bending stiffitess
along the length to prolong the service life of their usefil operation.

Problems of increasing the reliability and strength of the frames, load-bearing bodv structure and components for
rail vehicles during their design, operation and modernization are extensivelv studied. An analvtical-mumerical
method based on the dvnamic strength of the bearing bodv frame of emergency and repair rail service car, assumning a
beam-tvpe pattern of its fluctuations with elastic fixing of the ends under harmonic load as it moves along the track
with periodic joint roughness.

Keywords: railcar, mainframe of the body, analytical-numerical method, reliability, strength

1. Introduction

In modern foreign patent and scientific literature the problems of increasing the reliability and
strength of the frames, load-bearing body structure and components for rail vehicles during their
design, operation and modernization are extensively studied [1-2]. We offer an analytical-
numerical method based on the dynamic strength of the bearing body frame of emergency and
repair rail service car, assuming a beam-type pattern of its fluctuations with elastic fixing of the
ends under harmonic load as it moves along the track with periodic joint roughness.

This article provides a calculation algorithm for the simulation of stress-strain state of load-
bearing body frame of emergency and repair rail service car; it gives the results of numerical
studies on stress-strain state of bearing body frame structure of emergency and repair rail service
car taking into account the variability of section, mass, longitudinal and bending stiffness along its
length; it outlines the validity for the choice of diagnostic parameters for the evaluation of dynamic
strength, reliability and predictable service life of bearing body frame structure of emergency and
repair rail service cars.

Equivalent bearing body frame of emergency and repair rail service car was simulated by an
elastic rod with variable cross section, with variable mass, bending and longitudinal stiffness. The
difference between the proposed model and the existing ones [1-2] is an account of the variability
of cross section, mass, and the longitudinal and bending stiffness along the length of equivalent
beam, which corresponds to the actual conditions of operation. In existing methods of calculation,
a beam of uniform strength is considered tor the simplification, or an approximate calculation is
carried out on the model with lumped parameters, excluding elasticity. These approximate models
in dynamics may create an error up to 150-200% of the real strains and stresses. Therefore, in
practice, pilot studies are always performed and dynamic correction coefficients are introduced
into the calculations of strength and stability.
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2. Numerical model of oscillations

For the model proposed here, the parameters of the equivalent load-bearing body frame of the
locomotive are taken in the form of variable functions:
— the mass per unit length of the body frame of emergency and repair rail service car (kg/m)

mr(X)-—mo*(a,—a; X+aX), (1)
— the area of cross section:
F(X)-Fo*d,—d i X—-d>X), (2)

the length of the main bearing body frame of emergency and repair rail service car is 12.96 meters
and the X coordinate varies in the range 0 < X <12.96 m:

— the reduced moment of inertia of frame section on the axis Xc — Iy (cm*):
Li(X)=Io*¥Mo+b 1 X+b2X), (3)
— the reduced bending stiffness:
SHX)=LE*x(X), (4)

where 7y (X ) is calculated by the formula (3).

An assumption is made that the body frame of rail service car is represented in the form of an
elastic rod (beam) with constant modulus of material elasticity £ = const and the density
p = const; 1t has some static initial radius of deflection R. The equations of bending and
longitudinal oscillations for this model are taken by analogy with [3-4].

To analyse the stress-strain state of equivalent frame of bearing structure of emergency and
repair rail service car, the differential equations of bending and longitudinal oscillations of straight
rods of variable section are used (considering torsional oscillations relatively small compared to
other components) by analogy with [3-4].

mK(X)a'U(f(”)— o) v EF(X)M
ot oX &X
mK(X)M_,_E[ (X)“'W(Jf 0, R ELE) EWXD)
X oxe ox:

After substituting the Eqs. (1)-(4) and their derivatives in the system of differential Eqs. (5)-(6)
we obtain the nonlinear equations of the form:

22 .
2o U(x. 1) au(x.r)
[mo -(ao +ay X +a,X )]T—E[FO {ay + 26;'2)()]-7
[ Pux.ny
vE-Jry by + 26, %) — +2F~[I -(b +h X +b Xz)]L(JW—(XT) (7
PERR U (IR KRS R e S

236
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A2 4
CTWAX .t WX .t
[m -(a +a, X +4a. Xz)]-#wLE-[I -(b +bh X+va2)]~#+
0 0 | 2 o 2 0 YO0 | 2 % 4

2
+1«;-2b2-10('ty()2(”)1)1(x r)+ {2b2]0+2 [ 6‘70+hX+h2)( )] U(X)’)} (8)
X oX

Dividing term by tern each of the Eqs. of the system (7)-(8) by mx (X), the entire frame of the
body is divided into 120 points (X coordinate varies in the range of 0 < X < 12.96 m), for each of
the given K-section the coefficients in the Eqs. of the system (7)-(8) are constant and they could be
introduced by iteration method (piecewise linear approximation) into computer solution in the
procedure similar to the ones in [3-4].

After the introduction of notations, we obtain the Eqs. of the form:

&U(X 1) BU(X,t) é U(X 1) _

2 - AKl (X) )
ct

B (X)) =C, (X)) sinnot +

¥ D (X) + E, (X)) % ©)
83W(X_,z)

S AL ()

B0 s

Cu.r)
ox’

WX, WX 1)
ox?t

=Cp(X)-cosnat+ D (X)+ L5, (X)-— (10)
where the following notation are introduced:
— for longitudinal oscillations of the body frame of rail service car — Eq. (9):
EF.(d, +2d,X EF\d, +d X +d.X*
A (X)) = ( : - )’BKl(X): ( l - )’
m (X) m, (X)
N, (X) . (2n-1)-z-X
Cor(X)=—= N (X)=N, sin-—2L2 .
k]( ) mK(X) > AI\( ) A-n sin 260

Here the horizontal external dynamic load is taken in the form:

N (X, t)=N;, M-sinna)t, (11)
24,
where n = 1, 2, 3...5 — is a number of harmonics, Ny, — 1s taken according to experimental data
obtained, depending on different modes of loading:

Al b e26X) 1 2E-(1,- (b, +6,x +6,x%) 1
. (X) R E . (X) R’

D (X)=

— for bending (transverse) oscillations of the body frame of rail service car — Eq. (10):
E-(1, (b, +bX +b,x7) by 2L )
mk(X) TR mk()() ’
. -n-X
CA“(X) - M (X) ).'I"K (X) = 1?‘?-); Slnl R
me(X)’ ‘,

Here the vertical external dynamic load is taken in the form:

A (X) =

n-ar-X

P, (X,)=P;  sin -cosnot , (12)
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where n = 1,2, 3...5 — 1s a number of harmonics, P, — 1s taken according to experimental data
obtained, depending on different modes of loading.

by ECLb) g 28-(1,-(b, v x +6,X°) 1
R-m (X) m(X) R
The solution of the system (7)-(8) is performed with the lincarization by Simpson’s method,
then Fourier method is applied to the differential equations with constant coefficients with further
application of operational Laplace transform in time; numerical studies are carried out by the
methods of piecewise linear approximation and boundary elements method, similar to the
procedures given in [3+4] in Mathcad 14 programming environment. Initial conditions are taken
as zero ones, and the boundary conditions — in the form of elastic fixing of the ends.
Thus, it is possible to find a general solution of differential Egs. of bending and longitudinal
oscillations of the body frame of emergency and repair rail service car (9) and (10) in the form:

C.. cosnot—cosd,t
WX &, - o)

W(X,1) = W(X)* W, -cos At +
k1

D, 1
+[—E-+)% ]¥—-sind, 1}> (13)
[W(X) i ] . 20t
C. -l /- In 1¢x
Uy =S h@-sin A — A, sinn +U, cos A, [+

UX)  no-4,-\£,- (o)
OWX)y, Cra 4

+[ Dy +L",~]*L-sin/1,”t+ { W,(t) +
U(X) A, UX) W(X)
T, cos /lzgl - cg)s Ak N D,., ,sin /?,z;l - 512n At N
A’In - /1217 W(X) A’In - /1217

sinA, 1 —sin A4t .,

M (14)
1n i
where:
W (1) = cos 4,/ 3 oS nat _
l (/1;2" - (n(0)2 ) (/?én - /1;2}1) (/{lzn - (I/l(())z ) (/Li/z - (nw)z)
B cos A,/ (15)

Ve, (o) )&, - 4,)

Thus, as a result of using the method of iterations and piecewise linear approximation we have
managed to obtain an analytical and numerical solution for the analysis of joint bending and
longitudinal oscillations of the bearing body frame of emergency and repair rail service car in the
form of a model of an elastic rod of variable cross section, mass, bending and longitudinal stiffness
as it moves along the track with periodic joint roughness.

3. Conclusion

On the basis of numerical studies and comparative analysis with experimental data, we have
stated the following quality patterns:

1. Bending stresses appearing in the centre of the length of the body frame of emergency and
repair rail service car at speeds up to 50 km/h, as it moves along the track with periodic
roughness, do not exceed the ultimate strength of the material, and in average range from 15 to
40 MPa depending on loading modes (the rate of motion).
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2. Longitudinal stresses appearing in the centre of the length of the body frame of emergency and
repair rail service car at speeds up to 50 km/h, as it moves along the track with periodic
roughness, are about 20-25% of the bending stresses (from 3 to 10.4 MPa ). They reach their
maximum values at breakaway and braking modes.
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