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STRENGTH ANALYSIS OF OVERHEAD TRAVELING CRANE WITH USE
OF FINITE ELEMENT METHOD

Summary. This paper presents the results of numerical experiment using FEM, whose
aim was to investigate the influence of the load on the crane structure. For this purpose a
FEM model of the object was made and calculated.

ANALIZA WYTRZYMALOSCIOWA KONSTRUKCII SUWNICY POMOSTOWE]
Z WYKORZYSTANIEM MES

Streszczenie. W artykule przedstawiono wyniki eksperymentu numerycznego
z wykorzystaniem MES, ktoérego celem byto zbadanie wptywu obciazenia tadunkiem na
ustrdj nosny badawczej konstrukcji suwnicy pomostowej. W tym celu zbudowano
i wykorzystano model MES badanego obiektu.

1. INTRODUCTION

The test object is one-girder overhead travelling crane with a hoisting capacity of 5 [t]. The beam is
a typical welded box structure. Immutability of the geometric cross-section of the girder is being
provided by located inside the welded membranes and stringers made from rolled channels. In
addition to the girder, construction also includes two buffer beams and additional elements such as
platform, hoisting winch of hoist drive.

Table 1
Masses and characteristic dimensions of the basic elements of crane
Element Value Unit
Mass of the girder and buffer beams 5912 [kg]
Trolley of hoist drive structure mass 437 [kg]
Hoisting capacity 5000 [kg]
Crane span 20 [m]
Mass of the traversing gear 660 [kg]
Mass of the hoist drive 833 [kg]

The running rail of hoisting winch is attached to the girder. Inside the buffer beams the powered
and non-powered wheel sets are located. As the crane is only a research and test object the maximum
load (load capacity) is extremely rare. Masses and dimensions of the characteristic basic elements are
shown in Table 1.
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2. GEOMETRICAL MODEL

In order to perform calculations using finite element method, a geometrical model of the crane
structure was made according to the documentation of Research and Development Centre of Hoisting
Machinery and Mechanical Conveying Equipment "Detrans" in Bytom. The model was entirely made
in Autodesk Inventor CAD system.

vy

Fig. 1. Geometric model: a) tested overhead traveling crane, b) hoisting winch of hoist drive
Rys. 1. Model geometryczny: a) badanej suwnicy pomostowej, b) weiggarki mechanizmu podnoszenia

e

Fig. 2. Geometric model: a) buffer beam joined with a girder, b) detail of the guide roller
Rys. 2. Model geometryczny: a) czotlownicy potaczonej z dzwigarem, b) szczegdt dotyczacy prowadnicy rolkowej

Figures 1, 2 shows buffer beams, hoisting winch and girder, Table 1 describes the masses and
characteristic dimensions of the basic elements of crane. The tested crane is a thin-walled structure in
which one dimension (thickness) is significantly smaller than the other. Such a structure is called a
box girder, which has a high load capacity. In this case the ratio of the length to the thickness of
individual sheets is much smaller than unity, which clearly confirms that the test structure should be
treated as a surface. That is why discrete model will be built mostly from a shell elements.

3. FEM MODEL

In order to determine the stiffness and natural frequency a FEM model of the tested crane was
made, which was used to carry out the calculations. For building a discrete model a shell first order
elements S3, S4 with an average size of 30 [mm] and B31 beam elements were used. Shell elements
were defined on the reference surface — midsurface of the steel sheets. Characteristics of the group of
elements are defined by assigning to the section. As a result of the discretization a net consisting of
138155 elements was obtained. Sections of elements had the same thickness of the individual sheets
and the material from which they were made. Load-carrying crane structure was built mainly from
parts made of steel S235. For groups of elements contained in the relevant sections the following
properties were assigned [1, 5, 8]:
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Table 2
Material data used in calculations for structural steel S235
Poisson's ratio v 0,3 [-]
Young's modulus E 210000 [MPa]
Density p 7.86¢-9 [ton/mm’]
Kirchhoff’s modulus G 81000 [MPa]

The units in Table 2 result from the adoption force in [N] and length in [mm] as the basis for the
calculations. In order to support the structure shafts of wheel axles located on both buffer beams were
modeled. These axes are modeled as MPC BEAM type elements. This has provided an opportunity to
establish boundary conditions [1, 2]. MPC type BEAM element is modeled as rigid beam between two
nodes, thereby limiting the displacements and rotations between them (Fig. 3).

_ MPC BEAM

DISTRIBUTING COUPLING

Fig. 3. Support of the buffer beam
Rys. 3. Podparcie czotownicy

The FEM model is shown in Fig. 4 where the location of supports is specified (1-4). In place of
the support No.4 six degrees of freedom are taken away, at the supports No. 1, 2 only two degrees of
freedom are taken away: translations in the y-axis (the direction of cranes movement), and the z-axis
(in the direction perpendicular to the xy plane), while at the No. 3 three degrees of freedom are taken
away (translations in the x, y and z directions).

>

/
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Fig. 4. Boundary conditions
Rys. 4. Warunki brzegowe

Supports of the buffer beam were moved from points on the axis of the wheels shaft to the buffer
beam structure by a RIGID - DISTRIBUTING COUPLING element type (Fig. 3).
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Fig. 5. Support of the hoisting winch of hoist drive
Rys. 5. Modelowanie podparcia wozka mechanizmu podnoszenia

DISTRIBUTING COUPLING CONSTRAINT were also used as a connection between the axles of
the hoisting winch wheel sets and rail of the hoisting winch of hoist drive (Fig. 5). To apply
a gravitational force induced by the mass of the hoisting winch structure, a rail was modeled to which
DISTRIBUTING COUPLING CONSTRAINT elements were attached.

Fig. 6. Forces loading hoisting winch of hoist drive
Rys. 6. Uklad sit obcigzajacych wozek mechanizmu podnoszenia

Rail was modeled using a B31 beam eclements. Series of properties were assign to elements
included in the so-called BEAM SECTION. To determine the cross-section of the beam and at the
same time its properties, a two-dimensional grid of elements was set up in, for which the geometrical
properties of the section are calculated numerically.

For such a model prepared in accordance with the scheme (Fig. 6) several loads were applied to
the hoisting winch construction such as: gravitational force induced by the mass of the steel structure,
wheel sets, welded rope drum with load, rope sheave with load, elements of traversing gear and hoist
drive (gears, brakes, couplings, engines).

4. STRENGTH CALCULATIONS OF THE CRANE STRUCTURE

Calculations were performed using the computing cluster IBM BladeCenter HS21. Calculations
were carried out in the Abaqus software shared for the calculation by the grant number:
MNiSW/IBM_BC_HS21/PSlaska/021/2010 [10]. The most disadvantageous load case was assumed to
simulate, when the hoisting winch is in the middle of the girder. Calculations were performed for load
cases listed in Table 3

The simulation enabled to determine the location of stress concentration and displacement in the
middle of the girder and also natural frequencies vibration forms. Determined value of the static
deflection of unloaded structure (including gravitational force induced by the mass of the structure)
was ug=11,2 [mm] for hoisting winch located in the middle of the girders span. In case of additional
applied gravitational force induced by the mass of the load 5000 [kg] the static deflection value was
Ug=22 [mm].
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Table 3
Load cases
Load number Description

1 gravitational force induced by the mass of the structure

2 gravitational force induced by the mass of the hoist drive

3 gravitational force induced by the mass of the traversing gear

4 gravitational force induced by the mass of the load 5000[kg]

Load case Load number

1 1,2,3

11 1,2,3,4

111 2,34
Table 4

Load cases — simulation results (girders deflection)

Load case Load number Deflection [mm]
I 1,2,3 11,2
11 1,2,3,4 22
111 2,34 7,1

In order to verify the results, the allowable girders deflection was checked according to the
formula (1) [7]:

Q<L (1)

L 800
where: L — cranes span [m]; uy — girders static deflection in the middle of the span [m].
According to formula (1) [3] ratio of static deflection to the span of the bridge is 1,1-10-3 and is
within acceptable limits. Stiffness of the cranes bridge was determined from the formula (2):

k=2 @
ust
where: k, — stiffness of the structure [N/m]; ug — static deflection [m]; Q — gravitational force induced by
the mass of the load and hoisting winch [N].

In this case, in accordance with (2) rigidity of the bridge cranes is considered as 4,65¢6 [N/m].
Also reduced stress according to Huber-Mises-Hencky theory for the unloaded model (only
gravitational force induced by the mass of the structure) and loaded one (gravitational force induced
by the mass of the load 5000[kg] and of the hoisting winch) was determined.
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Fig. 7. Reduced stress by Huber-Mises-Hencky theory — the impact of the gravitational force induced by the
mass of the structure and mass of the load (5000 [kg])

Rys. 7. Naprezenia zredukowane wg teorii Hubera-Misesa-Hencky’ego — wplyw masy wlasnej konstrukcji oraz
masy podnoszonego tadunku (5000 [kg])
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Reduced stress value for the unloaded construction in the middle of the cranes span was
o6 = 58[MPa], and for the construction loaded with gravitational force induced by the mass of the load
5000[kg] was ¢ = 164,4[MPa] (Fig. 7).

Fig. 8. Reduced stress by Huber-Mises-Hencky theory — stress concentrations in the girder
Rys. 8. Naprezenia zredukowane wg teorii Hubera-Misesa-Hencky’ego — koncentracje naprezen w dzwigarze

, Mises
SNEG, (fraction = -1.0)
%)

Fig. 9. Reduced stress by Huber-Mises-Hencky theory — stress concentrations in the girder
Rys. 9. Naprezenia zredukowane wg teorii Hubera-Misesa-Hencky’ego — koncentracje napr¢zen w dzwigarze

The analysis indicate that the maximum reduced stresses 6 = 164 [MPa] occurs in the corners of
the membranes (Fig. 8) and in extreme girder cross-sections ¢ = 146 [MPa] (Fig. 9).

5. NATURAL FREQUENCY DETERMINATION

Each elastic system with linear characteristics has "n" degrees of freedom and "n" natural
frequencies of oscillations. These are frequencies with which the system vibrates after the unbalance
[4]. Each natural frequency corresponds to a certain form of vibration. Forced oscillations of any
mechanical system are the result of the external variable force after natural vibrations damping. If the
frequency coincides with one of the natural frequencies of the structure, there would occur a resonance
phenomenon. The increase in the amplitude of vibration at resonance, leads to large displacements and
strains, and thus to the dynamic loading of structural elements [6]. Calculation of natural vibration
frequencies with a modal analysis, allows to avoid the phenomenon of resonance.

In the case of the crane the significant impact on the structure will have all drives, which should
be configured or designed to prevent formation of vibrations at a frequency close to the natural
frequency of vibration of the structure, on which they are located.
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Algorithms defining natural frequencies, usually calculate the desired number of low frequency
vibration or frequency vibration of the selected band and their forms. Depending on the simplifications
made in the discrete model building phase, frequency values will be appointed more or less accurate.
During the calculations of test object Lanczos algorithm was used.

Fig. 10. I™ form of vibration frequency 3,28 [Hz], ™ form of vibration frequency 4,23 [Hz]
Rys. 10. T posta¢ drgan wilasnych dla czestotliwosci 3,28 [Hz], II posta¢ drgan wiasnych dla czgstotliwosci
4,23 [Hz]

Fig. 11. IX™ form of vibration frequency 20,77 [Hz], X™ form of vibration frequency 23,95 [Hz]
Rys. 11. IX posta¢ drgan wiasnych dla czgstotliwosci 20,77 [Hz], X posta¢ drgan wlasnych dla czgstotliwos$ci

23,95 [Hz]
Table 5
The crane structures vibration frequency values for 3 load cases

Structure without load Structure with load 5000 [kg]
Form of vibration f [Hz] Form of vibration f [Hz]
1 5,01 1 3,28

2 6,34 2 4,23

3 7,53 3 7,21

4 16,59 4 9,17

5 18,11 5 11,31

6 18,66 6 17,87
7 22,37 7 18,99

Lanczos algorithm is used to find the value of a large, symmetric matrix in a short time with
a small estimate error of calculation. As a result of modal analysis for the values of natural frequencies
and the corresponding modes of vibration were obtained. In Figures 10, 11 four forms of vibration are
shown (crane load is worth 5000 [kg]), distinguishing the first form because it corresponds to the
characteristic deflection when hoisting loads [9]. Table 5 lists the frequency of vibration under
5000 [kg] load and the set of frequencies for the load-carrying crane structure under no load.

6. CONCLUSIONS

Presented FE model can be the basis for further analysis, it is suggested to use the so called
hybrid approach, combining the dynamic model with the FE model. This allows for identification of
the state of stress and deformation during dynamic loads and at any chosen point of the structure.

The work was co-financed by the European Union under the European Social Fund within the
project "Activation of the academic community, as part of the Regional Innovation Strategy"
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POKL.08.02.01-24-019/08 ". Numerical calculations were carried out in the Abaqus system, shared
under the grant number: MNiSW/IBM_BC_HS21/PSlaska/021/2010.
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