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The aim of this research is to study the dynamic behaviour of a real gantry
crane subjected to the actions induced by the trolley and payload
movement. A specific numerical procedure was developed and
implemented in the finite element method in order to simulate different
trolley movement modes on the crane's main beam. From the results, it is
clear that the crane displacement, especially the longitudinal one, is
strongly dependent on the acceleration both in the starting phase and in
the stopping phase to which the trolley is subjected during its movement on
the crane main beam. The last part of this research simulates the sudden
stop of the trolley movement and subsequent payload swinging; in this
case, the length of the rope that suspend the payload to the trolley has a

Sfundamental role

in the trend and maximum longitudinal crane

displacement value.
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1. INTRODUCTION

Lifting equipment are machines subjected to many load
conditions, especially those induced by the load
movement. The dynamic effects assume a fundamental
role regarding the loads acting on the structure [1-5]; in
fact, these effects multiply both the payload and the dead
load increasing the stress value on the crane’s com-
ponents. Obviously, these actions are completely
different from the other loading conditions such as
seismic or wind actions which are applied to the whole
structure and not only to the payload [6,7]. The vertical
dynamic actions, which are obtained by multiplying (with
a coefficient that in general varies from 1.2 to 2) the
nominal load or working load limit of the lifting
equipment [4,8], are particularly important. With these
considerations, the weight of the structure plays an
important role, in fact the lightening of the machine
structural components implies an increase in the
performance of the machine as a consequence of the fact
that the inertia actions are reduced [9-11]. In gantry
cranes, in addition to lifting actions, also the actions
induced by trolley movement are very important. These
actions generate an oscillatory movement of the load and
vibrations on the structure [12]. The magnitude of the
oscillations and vibrations is highly dependent on the
load handling principle and especially also on the trolley
movement speed [13-16]. It is obvious that the oscillation
of the load must be limited in order to minimize the time
required for coupling and uncoupling the payload [17,18].
For example, waiting for reduction the load oscillation
before releasing the payload implies increasing the time
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necessary for loading and unloading a cargo-ship, which
involves an increase in costs. The evaluation of the
payload angle oscillation can be estimated both
analytically and numerically [19,20]. It is possible to
adopt methods based on concentrated parameters (lumped
parametric system) [21-23], calculation methods that also
take into account the elasticity of the structure [24], based
on spectral methods [25], developed on logics of control
"fuzzy" [26-28] or neural networks [29].

Other techniques are founded on making certain
specific paths for payload in order to reach the final
position without load oscillation [30]. The present
research does not focus on the payload movement, but
on the actions that the trolley translation and subsequent
payload pendulum generate on the structure. These
actions, are not provided in standards; however, from
the finite element analyses carried out it emerges that
they are very important. The present work is developed
through a specific numeric procedure formulated and
implemented in finite element analyses in order to
simulate the trolley movement with different motion
modes. The research also focuses on the phase when
there is also the payload oscillation or load pendulum as
a consequence, for example a sudden stop of the trolley
translation, after which the payload starts swinging.

2. NUMERICAL PROCEDURE

The purpose of this research is the definition of a
numerical procedure to be implemented in a finite
element analyses (using a specific software) in order to
simulate the trolley and payload movement, and it was
implemented and applied to a specific and real crane.

2.1 Crane

The crane geometry structure, on which the innovative
numerical procedure for the simulation of the trolley
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movement and payload swinging by using finite ele-
ments was implemented, is reported in the paper [23].

Specifically, and very briefly, the crane is a classic
portal crane, the maximum payload is 60 t, the span is
40 m and the crane height is 15 m. On one side there is
a leg realized by a rectangular section, while on the
other side the support of the main horizontal beam is
made by two circular section legs. Finite element ana-
lyses were conducted with SolidWorks® and Autodesk
Simulation® software. The finite element model is
made by means of plate elements with a quadratic for-
mulation for a total of about 10,000 elements.

At the base the crane columns were constrained with
hinges. Figure 1 shows the photo of the crane used in
the present research, while figure 2 shows the deforma-
tion of the crane in correspondence with the first two
natural frequencies. The first value is 1.801 Hz while
the second value is 4.788 Hz; they are very close to
those reported in [23], which were estimated by analy-
tical method.

Figure 1. Crane

Figure 2. Main displacement in correspondence with the
first two vibration modes.

2.2 Numerical Procedure

The definition of the calculation procedure to simulate a
moving load is described in the following points. The
trolley moves with a defined mode on the main crane
beam. On this beam there are a series of forces whose
intensity is equal to the maximum load generated by the
trolley on the beam. Each force is fixed in the space but
linearly variable over time. The force at point n grows
from zero when the trolley is at point n-1, the value is
equal to the maximum value when the trolley is at point
n and returns to zero (in linear way) when the trolley
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moves to the point n + 1. This schematization is shown
in figures 3,4,5 and 6.

Figure 3 . The trolley is at n-1 point.

Figure 4. The trolley is at the middle point between n-1 and n.

Figure 5. The trolley is at n point.

Figure 6. The trolley is at the middle point between n and
n+1.
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Obviously, this procedure presupposes that the
trolley action can be schematized with a single force,
otherwise as in the case, two coupled forces should be
adopted in order to simulate the trolley wheels. Another
important aspect to underline is the fact that the forces
must be applied in correspondence with the nodes of the
mesh with which the beam was discretized. In order to
correctly assess the dynamic crane behaviour it is
important to consider, in addition to the vertical forces,
horizontal inertial forces that arise on the beam during
start and stop phases of trolley movement.

3. DIFFERENT TROLLEY MOVE MODES

For the purpose of this research, different trolley move-
ment modes were implemented. All these principles
were characterized by a different value of the maximum
acceleration imposed on the trolley. This value is the
same both in the start and in the stop movement. Figure
7 refers to an acceleration equal to 0.6 m/s"2 (travel
time = 16.7 s); figure 8 at 0.12 m/s"2 (travel time = 33.7
s), figure 9 at 3 m/s"2 (travel time = 12.7 s); while
figure 10 refers to the implementation of a polynomial
law in order to minimize the trolley acceleration (travel
time = 23.15s).
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Figure 7. Trolley acceleration equal to 0.6 m/s’.

25 35
E 2 30 .E,
£ -
=15 20 @
z §
g o3
K] 105
> 05 2

5 A
0 0
0 10 20 30
Time [s]

Figure 8. Trolley acceleration equal to 0.12 m/s’.
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Figure 9 .3. Trolley acceleration equal to 3 m/s®.
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Figure 10. Trolley movement by polynomial law.

Figure 11 shows the displacement values for the
midpoint or the horizontal beam in case when the trolley
is moved with a mode having an acceleration equal to
0.6 m/s"2 (figure 7). The maximum values are fully in
agreement with what is reported in [23], where these
values were determined by a discrete analytical solution.
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Figure 11. Displacement of the midpoint crane beam both
in the vertical direction and in the longitudinal direction.
The trolley was moved with an acceleration equal to 0.6
m/s%.
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Figure 12. Longitudinal displacement for the middle beam
point for different trolley moves principles. Blue accele-
ration = 3m/s, yellow acceleration =0.6 m/s’, black
acceleration =0.12 m/s’, red polynomial law.
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Figures 12 shows the displacements of the crane;
from these graphs it is clear how the displacement both
vertical and longitudinal is correlated to the maximum
acceleration to which the trolley is subjected both in the
start and stop phase movement. The solution of moving
the trolley with a polynomial law (with the travel time
value is between the trolley movement modes, one with
acceleration equal to 0.12 m/s"2, and with another
acceleration equal to 0.6 m/s*2) leading to the minimum
displacement of the crane main beam.

The results also show that the longitudinal displa-
cement, especially in the phase of starting and stopping
movement, is greater than the vertical one.

4. ARREST OF TROLLEY MOVEMENT

Based on the previous elaborations, it was decided to
study the phenomenon in which the trolley movement is
stopped abruptly when it is at the middle point of the
crane horizontal beam. This loading condition
corresponds, for example, to emergency stop of the
trolley movement. Braking occurs with an acceleration
of 5 m/s"2. This value was determined assuming that
the braking torque is equal to 1000 Nm and that it acts
on the four wheels that support the trolley.
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Figure 13. Trolley move mode with abrupt stop.

Figure 13 shows the motion principle applied to the
trolley.

The payload distance from the trolley was simulated
with the presence of ropes having different lengths as a
consequence of the fact that, for example, a suitable
damping coefficient is also associated with the rope
presence [31,32].

4.1 Elaboration model

Figure 14 shows the schematization for this load confi-
guration. In particular, the payload it was schematized
like a point element. The motion of the pendulum is
described by (1), while the expressions (2) and (3) show
the values of tangential and centrifugal forces.

The equation that governs the motion of the
pendulum can be determined in different ways, such as
through the energy balance or Lagrangian method.

In any case, the angular position 6 can be estimated by
solving the following differential equation.
—Z(1)

. " . 5* _—z)
By +b* 0+ 00 == (1)
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Tangential force is:

F,=m*L*60 )
Centrifugal force is:

F, =m*L* 6? (3)
The pendulum natural frequency is

b2

7 “

v |-
L

Figure 14 Payload schematization.

Once the tangential and centrifugal forces were
determined as a function of the position of the 6 angle
and as a function of time, they were decomposed into a
horizontal and a vertical component. These forces were
applied on a crane beam in correspondence with the
position in which the trolley was stopped, which is
equal to 1/2 of the length of the crane main beam.

4.2 Rope length effect

In order to study this effect, three different rope lengths
0.216 m, 3 m and 17 m were simulated. It was adopted
that the rope length was equal to 0.216 m (physically
not feasible. The value was chosen only for numerical
analyses), in order to make the natural pendulum swing
frequency equal to the crane one. In fact, as reported in
equation 4), the reduction of the rope length increases
the natural frequency of the payload swing; with this
rope length value, the payload natural frequency is
coincident of that the crane. The payload value adopted
is equal to 15000 kg.
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Figure 15 Longitudinal displacement, rope length =0.216m,
blue with swinging load, red without swinging load.

Figures 16, 17 and 18 show the displacements of the
midpoint of the horizontal beam for all three rope
lengths. In particular, each graph shows the displa-
cements considering and not the payload swinging.
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Figure 16 Longitudinal displacement, rope length =3m, blue
with swinging load, red without swinging load.
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Figure 17 Longitudinal displacement, rope length =17m,
blue with swinging load, red without swinging load.

The graphs show how the maximum longitudinal
crane displacement in the configuration in which the
rope length is 3 m and 17 m is close to 400 mm and that
the effect of the payload swinging is particularly evident
on the displacement magnitude at the second peak. In
the theoretical case in which the rope length is equal to
0.216 m, the displacements diverge up to the values
close to the 1 m (obviously considering the presence of
the pendulum of the load) making this result absolutely
physically unacceptable. The sudden trolley stop
movement accompanied by the swinging of the payload
is therefore one of the most severe load conditions to
which these types of lifting equipment can be subjected.

5. CONCLUSION

The present work reports the main results of finite
element analyses carried out on a real gantry crane with
working load limit equal to 60t subjected to the actions
induced both by the trolley movement and payload
swinging. To resolve this problem, a specific numerical
procedure was developed and implemented in finite
element analyses. The results obtained with the trolley
acceleration equal to 0.6 m/s"2, are reflected in the
existing literature [23]. Different trolley move modes
were implemented. The results show how the
longitudinal displacement is strongly dependent on the
acceleration with which the trolley is moved. In the case
in which a polynomial law is adopted, the longitudinal
displacement value is the minimum. The work develops
further as it also considers the effect of the swinging
payload, which is evident when there is a sudden stop of
the trolley movement. From the numerical results, it is
important to highlight that the rope length that fixed the
payload to the trolley is a fundamental variable that
characterizes the longitudinal crane displacement. On
the basis of the analyses performed, it is therefore clear
that the crane longitudinal displacement is absolutely
not negligible nor are the actions induced on the
structure.
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The future developments concern the implemen-
tation of the numerical procedure described to other
lifting machines in order to deepen the study of the
interaction between the structure, the movement of the
trolley and the payload swinging. The research shows
the importance of the actions induced on the crane by
trolley movements and especially for its sudden stop.
This load condition is not included in the standards for
crane design and will be proposed to the standards
scientific committee.
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JUHAMMWYKA AHAJIN3A IIOPTAJIHE
JU3AJINIE TP BEREM BPOJY
IOKPETA KOJIMIIA U KOPUCHOI' TEPETA

JI. Costanu, H. 3panh

W3y4aBa ce OMHAMHMYKO INOHAIIAEkE PEajHe IOpTalHEe
Iu3anIe u3joxeHe Behem Opojy HMOKpera KONMHUIA U
KOpUCHOTI Tepera. Pa3BujeH je mocebaH HyMEpHUKH
MOCTYNAaK KOjU j€ MPHUMEHEH METOJOM KOHAYHUX
eJleMeHaTa Ha CHMYJaUWjy pasjMYuTUX HauyuHa
KpeTama IJlaBHE rpene. Pesynaratu jacHO mokasyjy na
1oMepaj KpaHa, HAPOUUTO JIOHTUTYAUHAIHH, Y BEJIHKO]
MepH 3aBHCH Of yOp3ama Kako y MOYETHOj Tako M y
¢da3u 3aycraBipama, YeMy Cy KOJHIA H3JIOKECHa 3a
BpeMe KpeTama IJlaBHe Tpeae Kpana. [locnmenwmu neo
pama mpuKasyje CHMYJAIH]y W3HEHATHOT 3ayCTaBJhamba
KpeTama KOJIMLA U IIOTOHET JbyJbatkha KOPUCHOT TepeTa;
y OBOM ciyyajy, IyXKHHa YXeTa Koje 3aycTaBiba
KOpUCTaH TEPEeT Ha KOJMLKMMAa HMMa IJIABHY YIJIOTLY Yy
olpehuBamy KpeTama W MaKCHMAJIHOI JIOHTUTY-
JTUHATTHOT [TOMepaja Iu3alIulle.
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