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The paper presents the analysis of the gantry crane loading when driving along the crane track, using a
Working model 3D, for which the analysis of the gantry crane frame loading was performed. The gantry
crane is designed to remove dirt that is in front of the turbine under the water surface. For the gantry
crane which moves along a track, the directional and vertical unevennesses were determined by experi-
ment and are given in graphic and numerical form in (mm), relating to A track and B track with a total
track length of 450 (m). Based on the knowledge of the unevenness of the rail track, the four random
functional dependencies defining the irregularities of the individual rails as input variables were used for
the kinematic excitation of the individual wheels of the gantry crane. The stress analysis was performed
for a travel speed of 30 (m.min) and a lift of 10 (t) under the given loading. The results of the stress

analysis are presented in graphic form.
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1 Introduction

The solution of the real practice problems often
involves solving the complex systems, including diffe-
rential, integral as well as algebraic equations. In the
most cases, it is impossible to obtain analytical soluti-
ons and therefore, the designers utilise the specialised
numerical processing methods with the use of modern
computational technology.

Modern computational methods depend on the
creation of a virtual model with subsequent simulation
of the operating process of a given system without
which the work of the designer is unthinkable and im-
possible in relation to solving the complex problems,
the solution of which often brings the significant eco-
nomic benefits.

Based on the requirements of the practice, the
main task of designer is to design and modify the pa-
rameters of the proposed device appropriately and
precisely, taking into account the other important and
specific features of device, such as its mass, shape,
geometry, or some other dynamic properties. The
main objective is usually to be able to save material
and to find the best solution in terms of material utili-
zation and suitable shape of the structure.

Nowadays, the increased requirements for material
saving, durability, reliability of products and ma-
chinery require some new approaches in solving the
challenges of the engineering practice. With the help

of the adequate and suitable computational programs
a precise, quick and efficient study can be made be-
cause in more or less extend, this study can be impor-
tant material from the aspect of the influence of the
static and dynamic characteristics of the machine.

2 Crane rail track measurement results (di-
rectional and vertical deflections)

Track unevenness or irregularities are usually divi-
ded into vertical (height) and directional (transverse).
The above-mentioned track unevenness results in ex-
citation for the vertical movement of the (vehicle) —
vertical unevenness or irregularities and transverse ele-
vation of the track rails usually in the form of angular
shifts (this represents one of the excitation inputs for
the transverse travel of the vehicle). In relation to the
transverse unevenness or irregularities, the crosswise
deflections of the track centreline and the rail gauge
deflection are usually considered. This means that the
four excitation random functions (left and right rail in
both transverse and vertical directions) tesult into
four, which are related to certain types of oscillatory
motion of the gantry crane (vehicle).

The rail track is a complex dynamic system that
changes its shape when it is subjected to variable mo-
vement loads which are caused by the double wheels
of the rail cranes (vehicles). The change in the shape
of the track is random because its flexure is influenced
by the following factors:
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The vertical flexuosity of the rails,

The elastic pads between the rail flange and
the foundation,

The quality of the ballast bed, especially the
condition how the individual sleepers are fas-
tened,

Defects in the load-bearing capacity of the
railway construction (structure),

The dynamic characteristics of the rail crane
(vehicle) which moves on the rail.

In this case, since the rail track is embedded in
concrete, the dynamic properties of the gantry crane

(vehicle) are going to be only considered.

The experimental of the rail unevenness is based
on geodetic methods. The measurement of the vertical
and transversal unevenness of the rails was for the
purpose of defining the kinematic excitation of the
gantry crane moving along the track. The measure-
ment was made using a digital theodolite with a Leica
laser. The irregularities of the track were measured in
whole millimeters. The stochastic character of the ex-
citation was modeled on the basic of the vertical and
transversal track unevenness obtained from the mea-
suring on real track and the course of the random ki-
nematic excitation functions is shown in the Fig. 1 and
the Fig. 2.

Vertical deflection for rail track
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Fig. 1The vertical deflections — the unevenness (irregularities) for the rails — u J(/IL) (rail designated as A) and u ;‘P’ (rail designa-
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Fig. 2 The directional deflection — the unevenness (irregularities) for the rails — M)(CIL) (A rail designated as) and u Sf? (rail desig-
nated as B)
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3 Computer verification of the crane compu-
tational model

The gantry crane (Fig.3) is designed to remove de-
bris (waste) that is below the water surface in front of
the turbine. The gantry crane was made of plain car-
bon structural steel and according to Slovak technical
standards (STN), the designation of this steel is
10 373 and in present, the equivalent of the given steel
is 11 373 (EN ISO S235JRG1 = 1.0036). The crane
construction steel is susceptible to ageing.

The required mechanical properties of the given
steel are:

¢ Remin=235 [MP3] (yield point),
e R.,,=340-470 [MPa] (tensile strength),

e oy = 210 [MPa] (allowable stress).

Fig. 3 The view of the portal gantry crane

The operating mode of the gantry crane (operating
cycle) can be described in these steps:

e Movement (travelling) of the crane along the
track at the specified degree of travelling
speed without any load,

e Lifting of the load,

e Movement of the crane along the track at the
specified travelling speed with load.

The following parameters are used as input para-
meters for the computational model:

¢ Young's modulus of elasticity: E=2.1 e!! [Pa],

e Poisson's number: 1=0,3,

e The density of the material: p=7800 [kg.m].

External loading:

e Load to be lifted: Q =32 [t], 10 [t], 5 [t],

e Weight of the crane and individual aggregates
according to the technical documentation
(drawings),

e Kinematic excitation resulting from uneven-

ness of the rail track.

On the basis of the known unevenness (irregulari-
ties) of the rail track, four random functional depen-
dencies (Fig. 1 and Fig. 2), which define the uneven-
ness of individual rails in dependency on the track, are
used as input variables for the kinematic excitation of
the individual wheels of the gantry crane [1-3].

Where:

v...Gantry crane speed: v = 30 (m.min!),

L...Wheel base (5,2 m),

( ) ...Unevenness of the left rail in transverse di-

rection for the front axle,

;IL) ...Unevenness of the left rail in vertical di-

rection for the front axle,

( ) ..Unevenness of the right rail in transverse

directlon for the front axle,

1 ) . ) )
u;} ...Unevenness of the right rail in vertical di-

rection for the front axle,

2 . .
”)(CL) ...Unevenness of the left rail in transverse di-

L
rection for the rear axle, i.e. u(z) )= u(l) (t——] s
v

u;i) ...Unevenness of the left rail in vertical di-

. . L
rection for the rear axle, i.e. u(z) )= u(l) (t——j ,
v

@

Uyp

..Unevenness of the right rail in transverse
@) o L
direction for the rear axle, i.e. u 5 (f)=u, R
y

2 . . ) )
u;P) ...Unevenness of the right rail in vertical di-

. . L
rection for the rear axle, i.e. uﬁp) )= u(l) (t——j
v

Fig. 4 The finite element model of the gantry crane frame

In reference to the technical documentation (dra-
wing) , a finite element model of the gantry crane con-
struction (structure) was created in Working model
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3D (Fig. 4 and Fig. 5) for which the analysis of the
loading for gantry crane frame, resulting from the
operating loading, modal analysis and crane stability
loss was performed [4-8].

Distribution of the external loading, based on
theindividual aggregates and counter-loading, can be
seen in Fig. 5.

Fig. 5 External loading based on individual agregates

4 Results for loading and stability loss for
gantry crane supporting construction
(frame)

In the Fig. 6, there is the stress (loading) distri-
bution for the crane construction with the respect to
the loading relating to the own crane weight and the
weight of the individual aggregates (according to tech-
nical drawings), the lifted load of 10 [t] and the tra-
velling speed of 30 [m/min]. This is the maximum va-
lue of stress that is allowed to be reached during the
operating process of gantry crane. The specified value
of stress for the construction is not going to be
beyond the yield stress (oa1) = 210 [MPa] and in rela-
tion to calculated stress (d..), the loading condition
can be expressed as 0u/= ia.

In the case of investigated loading for gantry crane,
the value of 210 [MPa] is higher than calculated value,
which was 185.69 [MPa] and it means that the gantry
crane construction is suitable for the loading during
the operating process of crane. The magnitude of the
load is affected by the vertical (height) and directional
(transverse) deflections of the track.

In the Fig. 7, there is the stress (loading) distri-
bution for the crane supporting construction (frame)
with the respect to the loading relating to the own
crane weight and the weight of the individual aggrega-
tes (according to technical drawings) for the lifted load
of 32 [t] and the specified travelling speed on the rail
track. This is the minimum value of stress that is rea-
ched during the operating process of gantry crane. The

specified value of stress for the construction was not
beyond the yield stress (ca)) = 210 [MPa] and in rela-
tion to calculated stress (d..), the loading condition
can be expressed as 0,/ = it

Fig. 6 The maxinum stress distribution in track point of

100 [m] and lift of 10 (8) in [Paj

Relating to this case, there is: 210 [MPa] is =2142.3
[MPa] and it means that the gantry crane support kon-
struction is suitable for the given load of crane opera-
tion. The magnitude of the load is influenced by the
vertical (height) and directional (transverse) deflecti-
ons of the track.

Fig. 7 The minimum stress distribution for lift of 32 (t) in
[Pa]

5 Conclusion

The reliable and safe operating process of a gantry
crane depends on several factors. The loading repre-
sents one of the main factors which have to be taken
into account in relation to the reliability of the gantry
crane. The given loading is not allowed to exceed a
certain value of the allowable load on the construction
when it is in operating mode. The given loading con-
dition is expressed in the form of 6,/= dur, whete ou
represents the allowable stress of a given material and
0.4 18 the calculated stress for the construction in rela-
tion to a given specific load.
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The gantry crane loading ranges from 142.3 [Mpa]
to 185.69 [MPa]. The gantry crane supporting con-
struction (frame) is suitable for the reliable operation
of the given crane. The maximum load of
185,69 [MPa] is less than thealoweable load of
210 [MPa]. The measure of the load is also affected by
the vertical (height) and directional (transverse)
unevenness of the rail track and ranges from 0 to
12 [MPa] for the travelling speed of 30 [m/min].
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