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Abstract— In this work the main results of a static and fatigue
analysis performed by means of a computational model of a
Tank-Car are presented. The tensile load (draft) is the more
continuous condition presented during typical service situations,
and is directly applied over the front draft lugs when the train
starts its movement. In this sense, a three-dimensional finite
element analysis of the wagon is carried out in the ANSYS
Workbench platform. The static loads are applied in orden to
estimate the fatigue life of the lugs. The material properties and
boundary conditions were applied directly in accordance with
the guidelines set out by the American Association of Railroads
(AAR). The results of this analysis can be a useful tool for
designers of railway equipment and to improve the designs
safety.
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. INTRODUCTION

The movement of railway equipment involves heavy
pulling and pushing forces to move the weight of the cars as
the train moves. To ensure that the car and locomotive can
accept this movement without causing damage to the
equipment and/or lading, the equipment must have a system to
absorb this punishment. However, some equipment such as
front and rear lugs must be designed to withstand a certain
amount of load [1].

Since 1865, the railroad tank cars have been used for the
transport of fluids, mainly hydrocarbons [2]. The railroad,
tank car, and different industries have worked together with
the government to develop and improve safety design
standards for tank cars. For this reason in 1934 the American
Association of Railroads (AAR), which is responsible to
monitor and coordinate current safety standards and design of
rail cars in North America was created [3].

The design of railroad tank cars is subject to structural and
performance requirements and constrained by weight.
Sometimes they have tried to improve the design safety by
increasing tank thickness and adding various protective
features, but in general these modifications increase the
weight and cost of the car [4, 5].

The Finite Element Method (FEM) is generally used to
analyze complex mechanical structures [6, 7]. Miele and Rice
[8] performed one of the first investigations using the FEM to

find the stress distribution in two different models of tank cars.

In this sense, note that the tank shell is the main structural
member of the car, because any tensile or compressive force

occurring in service are transmitted through this body.
Domagala and Lisowski [9] indicate that Fluid Structure
Interaction simulation represents a very efficient tool to design
mobile tanks, especially under dynamic loading. Shortly after,
Patel, et. al., [10] conducted a research to determine the
fatigue life of rail joint using ANSYS ®.

Although the AAR [11] request that the majority of the
tests realized to tank cars are static, the mechanical behavior
under static load and estimates of fatigue in critical areas have
been studied less often. In this sense, there is little research on
the subject.

The main objective of this paper is to present a
methodology for the numerical analysis of a computational
model of a tank car subjected to draft load scenarios, and to
estimate the fatigue life of the charged members (front draft

lugs).

Il. THEORETICAL FRAMEWORK

A. Tank car classification and specifications

A tank car is a type of railroad freight car whose body is
made up of a horizontal tank (shell) designed to transport
chemicals, petroleum products, and other bulk liquids and
compressed gases [11, 12]. As shown in Fig. 1, the cylindrical
body or shell is sealed at its ends by means of hemispherical
or ellipsoidal heads.
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Fig. 1 Principal design elements of a regular Tank-Car.
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In Fig, 2, the principal components of the stub zone are
shown.
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I11l. MODELLING

— By
Sy A non-pressure, general purpose, stub sill tank-car was
geometrically modelled using CAD, the result can be seen in
Fig. 3, whose principal characteristics are described in Table I.
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Fig. 2 Principal components of the stub-bolster of a regular Tank-Car.

B. Formulations for linear problems of elasticity

For linear elastic materials, the stress-strain relations come
from the generalized Hooke’s law. For isotropic materials, the
two material properties are Young’s modulus, E and Poisson’s
ratio, v. These relationships are given by:

Fig. 3 Isometric view of the model
(1-2v)
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TABLE |
PRINCIPAL GEOMETRIC CHARACTERISTICS OF THE MODEL PROPOSED

According to [13], substituting for (=} + o;) in (1), the

. . Shell length 14.83 m
resulted inverse relations are:

Diameter of head 3m

{g} = [Dl{e}, (2)

Thickness of shell and heads 0.0127 m
where fot =[x 0y Gz O Ty Tz]T , is called Stub length 3.07m
column vector of stress, {z} is the column vector for each Elzince between center 14 m
corresponding strain, which can be expressed as: Maximum capacity 150.000 |

(=[x &y &z Exyp Eyz Exx]T (3) | Gross rail load 129,727 kg

finally, [D] is the symmetric (6 x 6) material matrix given by: A Definition of materials
ASTM TC-128B steel was selected as the material of the

D= structure because currently most tank cars are currently made
E with this material [14], whose properties are shown in Table II.
“Aevi-m
v y o o . TABLE Il
4) TC-128B MATERIAL PROPERTIES
v 1—vw v 0 0 o
W v 1—w 0 0 o
*1 o 0 0 05—w 0 0 Mechanical Property Value
0 o 0 0 05—w o S
0 0 0 0 0  05-—vw Young’s modulus, E 206,842.773 MPa
Poisson’s ratio, v 0.3
Yield strength 344.738 MPa
Tensile strength 558.475 MPa
Weight density 7,916.453 kg/m®
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A36 structural steel was defined as material of the lugs
because according to regulations, these additions must be
simulated numerically with this material. In Table Il are
shown their main properties.

TABLE 11l
A36 STRUCTURAL STEEL MATERIAL PROPERTIES

Mechanical Property Value
Young’s modulus, E 200 GPa
Poisson’s ratio, v 0.3
Yield strength 250 MPa
Tensile strength 460 MPa
Weight density 7850 kg/m®

IV. FINITE ELEMENT MODEL DESCRIPTION

The model was exported to the ANSYS Workbench
platform to be solved and discretized in finite elements. It was
necessary the simplification of the geometry and the
establishment of contacts between the elements that integrate
it. The weld zone was considered with simple contacts.

A. Meshing

The tank was modelled with shell elements, while the
longitudinal members (stubs) and other elements were
modelled from solid elements. Likewise a mass point of 825
kg was added on each stub to simulate the weight causing
some typical attachments which are placed in that area.
Finally, the model was constituted according to the values
presented in Table IV.

TABLE IV
MESHING CHARACTERISTICS
Nodes 424456
Elements 106209
Skewness average 0.39 (Good)
Orthogonal quality average 0.70 (Very good)

The Hex Dominant Method was selected as the method
of meshing to achieve a more orderly and better distributed
mesh. Figures. 4 and 5 show the finite element model of the
tank-car.

Fig. 4 Isometric view of the Finite Element Model

Fig. 5 Close view of the mesh in the Stub zone

V. BOUNDARY CONDITIONS

All the boundary conditions were applied strictly as per
the guidelines made available by the AAR in their Manual of
Standards and Recommended Practices [11]. Hydrostatic
pressure was used to simulate the conditions of a full tank, the
pressure was directly applied to the inner walls of the shell
with a fluid density of 1000 kg/m®, which is slightly larger
than of the tank cars intended for the transportation of
hydrocarbons. The boundary conditions provided by the
trucks were simulated by using simple supports at each end.

A. Draft load case

The car structure shall be designed to sustain a draft (tensile)
drawbar and/or train-action load of 1557 kN applied on the
front draft lugs at each end of the car along the nominal
centerline of the couplers. In Figs. 6 and 7 can be seen a
schematic representation of this loading condition.
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Fig. 6 Schematic representation of the draft condition
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Fig. 7 Schematic representation of the boundary condition over the front draft
lugs [1]

B. Fatigue analysis

For the fatigue analysis the ANSYS Fatigue Tool module
was used, in this sense, the Zero-Based constant amplitude
loaded was selected.

The material and strain life properties of the front draft lug
used in this fatigue analysis are listed in Table Ill. Fig. 8
indicates the strain life curve of A36 structural steel. VVon-
Mises stresses obtained from finite element analysis were
utilized in fatigue life calculations.

[~ =

i:ig. 8 Strain-life curve for A36 structural steel

V. RESULTS AND DISCUSSION

In this work, results obtained for the static and fatigue analysis
of the draft lug of a tank-car are analyzing following
parameters:
e Von-Mises stresses of the static analysis
e Fatigue life of the front draft lugs.
e Fatigue factor of safety at a specified design life of
1e6 cycles.

A. Static results

Fig. 9 shows the total deformation for the case of filled
tank, the maximum deformations occur in the bottom area of

the tank —y direction, while in the stub zone and heads the
deformations are smaller and in positive direction.
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Fig.9 Deformation vector plot

In the case of the stress distribution, the maximums
appeared at an angled joining area of the front draft lugs. This
high stress concentration due to the weld was not explicitly
modelled according to the recommendations of the standard
[11], this is normal and is rarely present in real conditions.
The Von-Mises stress distribution on the tank shell was
relatively acceptable and do not exceed the yield strength of
the material. In Figs. 10 and 11 the principal results are
presented.
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Fig.10 Von-Mises stress distribution over the tank
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Fig.11 Von-Mises stress distribution on the front draft lugs.

B. Fatigue results

Fig.12 shows the estimated life for the front draft lugs due
to static loads. A total of 99352 cycles are necessary to initiate
failure in the front draft lugs of a tank-car.
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Fig.12 Estimated life for the front draft lugs
A safety factor of 0.71 was calculated for the most

critical zones of the lugs. The results of this analysis can
observed in Fig. 13.

[ T

Fig.13 Safety factor in the front draft lugs

Fig. 14. Indicates failure life of the draft lugs according
to the load limit (lowest case is 1% of the actual load, highest
case is 150% of the actual load).
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Fig.14 Life diagram of the draft lugs between different loading variations 1-
150% (fatigue sensitivity)

VIL CONCLUSIONS

The method described in this research may be used to
estimate the fatigue life of the draft lugs of a railroad tank.car.
It also can be used to validate new freight car designs. This
analysis methodology is appropriate for obtaining fatigue
analysis of railcars designs, especially for tank-cars. In any
ways experimental work is required.

The results of the Finite Element Analysis confirm that
the shell of a Tank-Car is the primary structural element, since
any static force incurred in service is transmitted through the
tank shell. The most critical site, in terms of stress
concentration tends to be the welded region where the front
draft lugs are welded to the stub sill.

The fatigue life estimated suggest that the lugs should be
changed after about 99300 charge cycles, ensuring the
integrity and security of the units. Similarly, the results of the
deformation analysis are within the normal range. Therefore it
is concluded that tank-cars represent a suitable and efficient
transport of hydrocarbons.
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