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The aim of this work is to evaluate the fatigue strength of tank car
frame. Fatigue strength evaluation of the tank car frame was determined at
rolling mode induced by longitudinal irregularities of railway tracks.
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Fig.1. Damage areas of a frame

The cracks of the tank car frame often appears in junction points of
longitudinal beam (centre sill) and cross beam (body bolster beam) at jointing
areas of upper and lower plates of those beams and on vertical plates of the
cross beams. By normative mode calculations [1] stresses in mentioned areas
did not exceed allowed values. Therefore the fatigue strength evaluation of
Latvian Railway’s 15-1[863 [2] tank car frame was made at rolling mode based
on strength calculation. General loads behaviour in time and their influence on
fatigue cracks appearance at frame areas No. 1-7 (Fig.1.) were determined.

The frame is made from steel grade BCt3 [2]. In operational rolling
mode for all frame elements allowed stresses are assumed equal to 155 MPa
according to table 10.1. (see [1]) and limit of endurance o, = 170 MPa. Service
life of the tank car is equal to 32 years.

Dynamic interacting lateral force of car - railway track is submitted to
the car frame by forces F;, F,, (Fig.1.). Lateral force of dynamic interacting is
small and should not cause yield stresses. However this force varies in time
with average frequency equal to 1.25 Hz. Therefore strength calculations were
performed and areas of maximal alternating stresses were determined. These
arcas served as basis for fatigue strength calculation by allowed load factor
[n] (for considered zone of the frame [#] = 1.8) (Eqn.1 D1
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where
oy — limit of endurance (in terms of amplitude) for junction area longitudinal
and cross beams at stationary loading conditions with base number of cycles
N=10";
o, — calculated value of dynamic stress amplitude reduced to number of
cycles N, equivalent to real operational stress mode in damaging effect for rated
service life of the car.

For area 6 (Fig.1.) — upper plate of the cross beam a,,5 = 43.5 MPa, for
junctions areas 5 and 3, 7 of upper and lower flanges of longitudinal and cross
beams 0,5 = 45.0 MPa and 0,,; = 42.5 MPa, 0,7 = 33.0 MPa accordingly.

Limit of endurance o,y is determined by equation 2 [1]:

O = (/%l):'(l_zp"’om) @

where
(), - average value of the endurance limit decrease coefficient (for area 6 —

1.5, for areas 3, 5,7 - 3.5);
z, - quintile of a probability distribution oy, equals to 1.645;
Voav - variance coefficient of endurance limit for welded frames and beams
(automatic welding) equals to 0.05.
Therefore, limit of endurance o= 104 MPa, 6av357 = 44.58 MPa, but

rated load factor equals: for area 6 (Fig.1.) ns=2.39, for areas 5 and 3, 7
ns=0.99, n;=1.05, n,=1.35. Frame rated service life 7c is determined from
calculated and allowed load ratio. Calculation confirms possibility of fatigue cracks
appearance at junction areas of the centre sill and the body bolster beam after
Tes=17.6 years, Tp;=24.0 years, and at vertical plates of the cross beams after
Tes = 18.6 years (normative service life is 7y = 32 years). Fatigue cracks will not
appear at upper plates of the cross beam (7cs=42.5 years) during normative
service life. Therefore, to evaluate fatigue strength of the car it is effectually to
make calculations at rolling mode.

In order to discover cracks in operation it is necessary to diagnose the welded
joints by non-destructive method of testing.
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