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Abstract: The paper’s subject is highly topical, is very interesting from scientific point of
view but also very complex. The authors propose to study the elastic structures of the
cranes on basis of the similarity criteria, for this purpose the two basis criteria are shortly
presented: Hooke and Cauchy. One underlines that the gantry and the half gantry cranes
work outside, being subjected to actions as time changing loads; under these circumstances
one needs a special check of the crane’s stability. The basic study is that one based on the
analysis with finite elements, using ABAQUS software — an advanced software with highly
efficient possibilities of modeling. By graphical post processing are presented the
equivalent fields of stresses von Mises and of deformations.
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1. INTRODUCTION

The practical utility of the portal cranes is demonstrated by their large spread as destination and work conditions.
One requires a theoretical and modern experimental study, using advanced software. The subject is very complex
but also very interesting from scientific point of view. In a modern acceptation the cranes are lifting equipment,
having a complex structure composed of a metallic frame, of changing shape, construction and dimensions; the
structure upholds more mechanisms which serve to the lifting and to the moving of loads.

A very important finding is that the gantry cranes and half gantry cranes work “outside”; they are subjected to
some actions as time changing loads, so that it needs a special verification of the stability.

Based on the existing theoretical studies, on the operative normative, on the experts recommendation, on the
restrictive indications used in designing, one establishes that the problems regarding the vibratory state of the
cranes are not taken into account.

We specify the fact that the first signs regarding a bad work or the first obvious changes in the evolution of the
technical state appear in their “vibrating stamp”. In order to increase the work safety of the gantry cranes, one
proposes a theoretical study by elaborating of some modern methods of structural check, using the numerical
analysis software ABAQUS [1, 2].
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2. THE STUDY OF THE ELASTIC STRUCTURES BASED ON THE SIMILARITY CRITERIA [1], [2]

In order to establish a calculus methodology for the big structures two similarity criteria (theoretically) have
been used: HOOKE and CAUCHY. The calculus relations are from paper [3], mentioned at the references. One
sets out from the explanation that K, = Ky which represents the stress scale written on basis of HOOKE’s law in
normal stresses o = E - g; were ¢ being the deformation per unit length — a nondimensional unit. The relations
above lead to the similarity criterion HOOKE written between the real structure and the model attached to it:
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Equation (1) express the static similarity; were F is the traction internal force, A — the cross sectional area; E —
the longitudinal modulus of elasticity.

The similarity criterion given by (1) may be written as:
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which shows that the deformations have the same scale as the length:
ka =4 3)

If the stress scale have the expression K; = Kg , then the relation between the forces scale Ky and the length
scale, according to HOOKE’s criterion is:

kp =27 kg &)

The concise presentation above shows that the number H from equation (1) has the same value both from the real
body but for the prototype (the two elastic systems will be loaded identically) the criterion refers to the finite
elastic deformations and it is achieved only if one achieves the geometrical similarity between the model and the
prototype.

The similarity criterion CAUCHY refers to the dynamic strains due to the vibrations. One refers to elastic
systems. If one refers to the prismatic beams of changing section, it results relation:
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where: p is the material density of the beam; p - A is the mass per unit length; p- 4 - 5 is the force of inertia
ot

per unit length; I is the axial moment of inertia of the cross section A; v is the deflection measured from the
static equilibrium position of the beam; x is the distance to the cross section, measured from the origin; t is the
time.

Based on the transformations and by introducing nondimensional units, one gets the similarity criterion Cauchy
under the form:



Journal of Engineering Studies and Research — Volume 19 (2013) No. 1 27

V4 Vv
to/\/Eo/Po =—=C, ©)
0

where: v is the velocity of the oscillation motion of the beam’s point; ¢ is the propagation velocity of the
longitudinal waves.

Likewise one writes the scale of the time T and of the velocities, K,.

The resulted conclusions from the beam may be extended to the elastic structures. We can specify the following
conclusions (these may have a general rank):
- if the Cauchy’s criterion has the same value both of the real structure and on the model, the studied
phenomenon on the model is similar to that on the real structure;
- the studied model must be achieved from the same material as the real structure;
- from the geometrical point of view both must respect a certain scale;
- one grants a special attention to the elastic constants of the material.

The structure of the gantry crane is very complex, both from constructive point of view and from the point of
view concerning the behavior under load. This is the reason why the concise theoretical considerations
concerning a study by similarity between the pattern — model and the real model will be in this way understood:
the study methodology which will be performed on a model at scale (“pattern”) may be spread to any other
structure, inclusively to the real one.

3. THE ANALYSIS WITH FINITE ELEMENTS OF A GANTRY CRANE (ABAQUS SOFTWARE)

One achieved a functional pattern, using 1/10 scale, of a real structure, Figure 1.

Fig. 1. Pattern of a gantry crane.

The pattern shown in Figure 1 consists mainly of a central beam, achieved from an I section, with 42 x 80 x 2660
mm dimensions, reinforced by a truss. On the main beam of I profile are marked the points P1, P2, ..., P4, ..., P7
(equal distances between two successive points) where are applies an external load (for lifting; descent) [3, 4].

The structure contains also: 4 tubes of ¢ 25 and the thickness of the wall t = 2 mm, called also windbracings, as
well as bars with the dimensions: ¢ 14 mm, t =2 mm; carriage, electric hoist, marked weights etc.
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Fig. 2. Geometrical model of a crane with windbracings subjected to a load of 1444 N in point P4.

Figure 2 presents the geometrical model conceived for a crane with windbracings. One used the ABAQUS
software, an advanced software, with the possibility of modeling with great efficiency and refinement. In pattern
— making was achieved for the whole structure, but the main element which was in sight is the main beam. The
mathematical model which was achieved includes a number of 2818 elements of type Beam 3D.

Two constructive types are studied: crane with windbracings and crane without windbracings.
The load of 1444 N is successively applied in points P1, P3 and P4. One extends the results by the symmetry of
the structure.
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