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In this study structural strength and fatigue life estimation of Y32 bogie frame were examined by finite element
method. A static structural and fatigue life simulation were performed according to TS EN 13749 standard.
The results of the static structural and fatigue life simulations depicted that Y32 bogie manufactured by Tuvasas

achieved the regulations.
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1. Introduction

Bogie is a chassis carrying wheels, suspension system,
brakes and attached under the railway vehicles for run-
ning. Generally two pieces of bogies used for one pas-
senger coach and a railway vehicle consists of several
coaches. Bogies are critical components of a railway vehi-
cle because of being running components. So during the
design process there are a few standards must be obeyed
for running at international railways. These standards
can be detailed like methods of specifying structural re-
quirements of bogie frames [1], wheelsets and bogies,
wheelsets [2], draw gear and screw coupling [3], ride com-
fort for passengers, measurement and evaluation [4] etc.

Because of being an important piece of a railway ve-
hicle, there are so many studies about bogies. M. Kass-
ner [5], S. Shukla [6], Lu Yao-hui [7] studied about simu-
lation of bogies structural strength, fatigue life and com-
pared them with experimental results.

In this study a structural and fatigue analysis of Y32
bogie were examined according to TS EN 13749 standard.
The static structural and fatigue life analysis were per-
formed respectively. It was seen that Y32 bogie achieved
the obligations specified at the TS EN 13749 standard.

2. Geometrical and mathematical modeling

Geometric model of the Y32 bogie was modelled as a
solid model at PTC Creo Parametric 2.0 with some sim-
plifications for finite element analysis, then transferred to
the Ansys workbench environment. The material of the
bogie frame was St 52-3 (tensile strength = 500 MPa and
yield strength = 350 MPa). The mathematical model
had 114831 elements. Loading conditions to the bogie
frame are shown in Fig. 1a and revolute (rotating) joints
for each axle bearing were considered as boundary con-
ditions (Fig. 1b). Four springs (k¥ = 1300 N/mm) were
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defined for each connection between the axle boxes and
side frames.
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Fig. 1.
ditions.

(a) FEM mesh and loadings, (b) boundary con-

3. Structural & fatigue analysis

The test consists of different phases, each of which cor-
responds to a load state that could be applied easily to
the bogie frame. The loads are derived from normal ser-
vice forces roll and bouncing which induce quasi-static
and dynamic variations of vertical forces are represented
by coefficients. The static test corresponding to verti-
cal and transverse force combinations is defined by nine
cases in Table I.

The fatigue test programme comprises three stages.
The first consists of 6 x 10 cycles of application of the
vertical and transverse forces, the second consists of 2 x
10% cycles of application of the vertical and transverse
forces derived from those used for the first step, with the
static parts remaining as before and the quasi-static and
dynamic parts multiplied by 1.2, the third is identical to
the second, except that the coefficient of 1.2 is replaced
by 1.4.
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The results are collected
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TABLE I e No cracks are revealed at the end of the first two
Load cases for static tests [1]. steps;
Normal service loads e During the third step very small cracks are permit-
Load | Vertical force per side frame Fy [kN] ted, if they appeared in service, would not necessi-
CASE | Fiz1 [kN] Fz2 [kN] tate immediate repair.
1 99.47 99.47 0
3 89.53 69.63 32.23
4 129.32 109.42 0 4.1. Structural analysis results
5 129.32 109.42 32.23 Structural analysis were performed as nine cases. Ver-
6 69.63 89.53 0 tical and lateral forces exerted on bogie were calculated
7 69.63 89.53 -32.23 towards the TS EN 13749.
8 109.42 129.32 0 in Table II.
9 109.42 129.32 -32.23
TABLE I1
Static structural analysis results.
case 1 | case2 | case 3 | case 4 | case 5 | case 6 | case 7 | case 8 | case 9
Maximum stress | o) 4411615 | 165.47 | 236.68 | 240.65 | 161.3 | 165.27 | 236.39 | 240.35
(Von Misses) MPa
Minimum 1.8 217 ] 212 | 148 | 145 | 217 | 212 | 148 | 1.46
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Fig. 2. Fatigue load-variation of vertical forces.

4.2. Fatigue analysis results

Figure 2 shows fatigue life calculated according the
load variations given in Table III.

5. Conclusion

Results of the static structural analysis showed that
after nine load cases the stresses occurred on the bogie
frame were less than the material of bogie frames yield
strength. At case nine which had the biggest loading am-
plitudes had a smallest structural safety factor as 1.46.
According to fatigue analysis, bogie frame had a mini-
mum safety factor of 1.4 and 2.5 x 107 cycle without any
failure. Load and safety factor and life expectancy are
shown in Figs. 3 and 4.

As a result, static structural and fatigue life analy-
sis proved that Y32 bogie frame manufactured by Tu-
vasas fulfilled the requirements as specified TS EN 13749
standard.

TABLE III
Loads for fatigue test.
F. [kN] | F.qs [KN] | F.q [KN] | Fyqs [kN] | Fya [kN]
99.5 9.95 19.9 9.98 9.98

Fig. 3.

The region of maximum stress occurred.
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Safety Factor
Type: Safety Factor
Time: 0

15 Max

0
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1,4061 Min
0

Life
Type: Life
Time: 0

l 25e7 Max
2567 Min

Fig. 4. (a) safety factor, (b) life expectancy.
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