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Abstract. In this paper, the modelling of and research into the vibrations of a truck crane
are considered. The finite element method, using a COSMOS/M package, was applied to
build the model and an analytical method was used to build a discrete-continuous model of
the crane. The research concerns changes in the frequency of vibrations for flexural vibra-
tions in the telescopic extension arm in the lifting plane. Diagrams containing changes in the
frequency of vibrations for chosen values of the geometrical parameters and the load are
presented as the solution results to the vibration problem of the tested system. Conclusions
are also drawn and their implications discussed.

Introduction

The problem of modelling the dynamics of a truck crane is a complex problem
which requires the following factors to be taken into account in the building of the
model: the fundamental and additional units of the crane as well as, the system of
the majority of the forces and masses loaded in the systems. The above mentioned
problems have been considered in many works.

In 2005, Posiadala wrote a monograph on the modelling of and research into
the dynamics of a self-propelled truck crane. The free and parametric vibrations of
the system of changes in the crane radius of a DUT 0203 crane was analysed by
Sochacki and Tomski [2]. The free vibrations of a laboratory model of a truck
crane were analysed by Sochacki in [3]. In [4], Towarek conducted investigations
into the influence of a flexible soil foundation on the stability of a crane boom
during its rotation. Research into the stability of a truck crane during the realisa-
tion of different strategies for the control of operational motions was performed by
Klosinski and Janusz in [5]. Sun and Kleeberger in [6] analysed the influence of
control and forced systems on the dynamics of a self-propelled crane. In his habili-
tation thesis, Maczynski [7] presented methods of control of rotation for offshore
type cranes to minimise final oscillations of the load. Trombski and Towarek in [8,
9] analysed the influence of foundation rheology on the dynamics of a crane. The
vibrations of a truck crane were analysed by Jedlinski in [10].
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The construction of the units and research into the dynamics of a chassis frame
were presented in earlier works about MES modelling [11, 12]. Later works con-
sidered the influence of the remaining units of the truck crane, including the influ-
ence of the crane boom, on the free vibrations of the crane [1, 2].

Models resulting from the assumption of two methods of modelling the dyna-
mic systems are presented in this paper. Among them are: a discrete model built
applying MES, and a theoretically worked out discrete-continuous model.

The proposed models consist of coupled elements of the crane. The following ele-

ments were taken into account in the models:

— chassis frame, which is the basic lifting element of the crane, resting on four
extended stays based on a foundation

— rotational frame (body), performing rotational movement towards vertical axis
(movement in rotational plane)

— crane boom, rotationally mounted in body, performing movement towards
vertical axis (lifting plane) and movement of reciprocal extension of units
(telescopic movement)

The frequency of vibrations of the tested systems in relation to the angle of crane
boom lifting, length of the crane boom, load mass and the length of its suspension
for MES and discrete-continuous (analytical) models are presented as the results of
comparative studies. Additionally, the form of vibrations corresponding to the
tested basic frequency of transverse vibrations of the crane boom in the plane of its
lifting was introduced for the MES model.

1. MES model of a crane

The main units of a DST-0285 crane, in the form of a chassis frame, a body
frame and the crane boom were designed and made in the “Bumar-Fablok™ Factory
of Building Machinery and Locomotives in Chrzanow.

Geometrical models were worked out on the basis of available constructional-
technical documentation of the chassis frame and of the remaining units and ele-
ments. Construction of all the main parts in the form of the main sheets, mem-
branes, webs, ribs, beams and the other essential elements of the construction was
considered in the modelling of specified units.

The aim of the performed modelling was to obtain crane models making re-
search possible with respect to determination of the frequency and vibrations of
a crane boom for its different configurations.

The elasticity of the support of the crane jib (servo-motor of change in crane
radius) and elasticity of the support of the frame (servo-motors of stays) were con-
sidered in the model. The elasticity of the liquid in the servo-motor of the support
for the crane jib was also taken into account. This elasticity depends on the value
of the lifting angle of the crane boom.
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The model was built with the use of the finite element method and the
COSMOS/M package [13, 14]. A series of necessary simplifications in the con-
struction was applied in the model. Some constructional elements, assembling
holes and elements of equipment fastening, sheet shoulders, small radii of cutting
out and sheet bends were omitted.

In the modelling, the following basic structural elements were applied to the
linear analysis:

— shell3 - triangular coated thin-walled element of isotropic properties used to
model sheets accounting for the main constructional elements of frames and
a crane jib

— solid - three-dimensional element of isotropic properties used to model slides
present between elements of fixed and movable supports, on which the frame
rests during working cycle of crane, and slides in crane boom

— spring - elastic element used to model elasticity of support elements of frame

— rbar - rigid rod element with two nodes used to model elements connecting
chassis frame to body frame, and crane boom to body frame

— mass - mass element used to model chosen concentrated masses of crane ele-
ments (e.g. counterbalances, engine) and load

Fig. 1. Model of truck crane (1 - chassis frame, 2 - body frame, 3 - crane boom, 4 - linear
system, 5 - mass of load)
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All the geometric measurements and properties of the applied elements of the built
models were introduced into the program file in a parametrical way determining at
first the parameter and later its value. Therefore with a change in the geometrical
dimensions of the frame and crane jib elements, consecutive research is possible
on the basis of the same model by altering only its parameters.

The load in the form of a mass element, placed on an elastic linear element, which
is fixed to the last feeding member, is considered in the model. The majority of
masses of crane elements, including the masses of the engine, cabins, hoisting
winches, suspensions, servo-motors and the like, is also taken into account.

The model of the system consisting of the connected chassis frame, body frame
and the crane boom of a truck crane, is presented in Figure 1.

2. Discrete-continuous model of a crane

Modelling should fulfil two basic aims. At first, it should represent the object
and its behaviour in the simplest form. On the other hand, the results obtained on
the basis of the model should represent object features in the way closest to reality.

Considering the above mentioned aims of modelling, an analytical model (dis-
crete-continuous) of the crane was worked out. The necessity of this type of mod-
elling results from the basic premise, which is the computation speed (analysis) of
the object behaviour for its changeable parameters.

Fig. 2. Discrete-continuous model of crane
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Moreover, this method of modelling does not need developed computing systems
using MES and makes it easier to introduce changes and adaptations to systems of
similar structure. The constructed discrete-continuous model of the crane (Fig. 2)
fully corresponds to the real system.

Therefore the mass of the load hung on the line, the real geometry of the sys-
tem, equivalent masses taking into account: the masses of the boom elements, mass
of the hoisting winch and counterweight, were considered. The mass of the boom
head and equivalent mass of the whole crane brought to the rotation axis for
the crane were also considered. Moreover, the equivalent rigidity of the boom
(considering the specific case of parted elements of the boom brought to the rigidi-
ty of beams modelling the tested system), elasticity of the servo-motor of change in
the crane radius, elasticity of the linear system and elasticity of the stays were tak-
en into account.

During building the model, the following simplifications were assumed:

— beams of the system are Bernoulli-Euler’s beams

— chassis frame of the crane is inelastic

— spring modelling replacing elasticity of supports is applied at fixing place of
the boom in the rotating frame

— mass modelling chassis part of crane with rotating frame is replaced only ver-
tically in the lifting plane of the boom

The problem of system vibrations is formulated using Hamilton’s principle

5J%(T—V)dt=0 (1)

Kinetic energy T is the sum of the kinetic energies of the crane elements modelled
by the beams and concentrated masses in the system:
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where:

p; - density of beam material

A; -cross-sectional area of abeam,i=1, 2, 3

M,,, - equivalent mass modelling masses of hoisting winch and counterweight

M, - equivalent mass modelling mass of piston rod of servo-motor of change in
crane radius

M; - equivalent mass modelling mass of crane chassis

M, - mass of roller slope

m - mass of the load

t -time
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Total potential energy V of the system is the sum of the energies of the internal
forces and work of the external forces and is equal to:
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where: P, =mgsina, B =mgsina-Pcosd, B =k;x,, f=90°—(a+0),

E; - Young’s modulus of beam material
J; - moment of inertia of beam intersection, i =1, 2, 3
ks - replacing coefficient of elasticity modelling elasticity of stays
ky - coefficient of elasticity modelling elasticity of liquid in servo-motor of change
in outreach

The substitution of (2) and (3) into (1), after adequate transformations, leads to
equations of motion. The geometric boundary conditions when introduced into
equation (1) with the consideration of equations (2) and (3) give supplementary
natural boundary conditions. After the separation of variables into the equations of
motion and into boundary conditions by substitution:

W, (x.,t)=w. (x )cos(ax), (i=123) 4)
and X;(t)=x cos(ar), (i=4,5,6) (5)
the following equations of motion have been obtained:
E J,w" (x,)+ Pw/ (x;)-p,A @*w,(x,)=0, (i=1.23) (6)
The geometrical boundary conditions and continuous conditions are as follows:

wy(0)cosa = x5

w (1) = w,(0)
w,(0)cos @ = x; +x, cosarsin &
l
e (lz): W, (O)I_t (7

w;(0)=w,(0)cos &

wy (I;)cos @ = x5 cos &

wi (i) =w3 (0)
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The natural boundary conditions were obtained in the form of:
wi'(0)=0, wi(1,)=0, wi(0)=0, wi(1y) =0, E,J,w/(l,)= E,J,w} (0)
[E,Jw" (0)+ Bw{ (0)+ @’ M ,,,w,(0)lcos & + M ;& x; — kx5 =0
E Jow"(1,)+ Bw{(l,)— E, J,wy"(0)— P,w5(0)+ M@’ w,(0)—k,x,sin5=0  (8)
E J,wi' (L) +Bwi(L)+M,0’w, (L) - mfa)zxf)COSJ =0
Mfa)zx5 — X (kfcos,b’ +k, ) — 2k, x,co8f8=0

ma’*xg —k,[2w,(l,)cosa —x,1=0

The solution to equation (6) is the function:

1
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where: C;;+C;4 — constants,
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where: ¥, = @’ /E)IJ ,32 EPj’ , ;- the length of the i-th beam, i = 1, 2, 3.

ivi

The solution to the boundary problem leads a uniform system of equation to-
wards unknown constants Cy (i =1, 2, 3, k=1, 2...4) and x,, (n = 4, 5, 6). This sys-
tem in a matrix form can be written as:

a,,1col{Cy . x,}=0 (10)

If the eigenvalues of matrix [a,,]are found, the frequency of vibrations of the

considered system can be determined.

3. Results of computations

The changes in frequency of the vibrations for the chosen values of geometrical
parameters and load are presented as the results of the solution to the problem of
vibrations of the considered system.
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The research concerns changes in the frequency of vibrations of the first, flex-
ural form of vibrations of the crane boom in the lifting plane (Fig. 3).

Fig. 3. Flexural form of boom in lifting plane, MES model

The obtained results are presented in diagrams containing courses of changes in
the values of vibrational frequency in relation to the chosen parameters. Three-
dimensional diagrams, which are the combinations of chosen parameters accepting
the constant values of one of them were plotted.

The chosen position of the boom crane with the body frame in relation to the chas-
sis frame was accepted for computations.

The parameters determining the configuration of the boom location in space
and dimensions could undergo changes in a specified range. The angle of boom
lifting, total length of the boom, weight and length of the hanging load were the
changeable parameters.

Research was carried out for the following data:

— lifting angle of the boom: a0 = 0+75°
— length of boom considering outreach of internal members: /;= 10+24 m
— value of load weight: m = 030000 kg

In Figures 4 and 5, the results of research into the vibrational frequency of the
system for a changeable length of the boom (/; = 10+-24 m), and changeable load of
the crane (m = 5000+30000 kg) are shown. The lifting angle of the boom was
equal to o = 75°.

The assumed range of changes in chosen parameters /, and m causes part of the
received results to be placed in the region of loads exceeding the hoisting capacity
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limits for the assumed length of the boom. To demostrate this fact, in Figures 4 and
5, the curve delimiting the region of safe loads of the crane (area above the curve)
from the region of overloading the system (below the curve) is plotted.
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Fig. 4. Diagram of changes in vibrational frequency with changeable value of load, ana-
lytical method
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Fig. 5. Diagram of changes in vibrational frequency with changeable value of load, MES
method

The following diagrams (Figs 6 and 7) concern changes in the vibrational fre-
quency of the boom crane regarding its changeable length (/, = 10+24 m) and
changeable angle of its inclination (o = 0+75°) with a constant load value equaling
m = 5000 kg. The length of the line was equal to /;= 5 m in every tested case.
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Fig. 6. Diagram of changes in vibrational frequency with changeable angle of boom lift-
ing, analytical method
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Fig. 7. Diagram of changes in vibrational frequency with changeable angle of boom lift-
ing, MES method

Conclusions

Vibrations of the boom crane occurred in different planes. They are flexural
forms in the lifting plane, flexural in the plane perpendicular to it and forms of

torsional vibrations.

Identification of the form on the basis of the analysis of boom displacements
was made to determine the value of the vibrational frequency of the sought flexur-

al form of the boom.
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Comparative analysis of the research results on the basis of the two models pre-
sented in the paper allows the following conclusions to be drawn:

good agreement between changes in the vibrational frequency of the system
with a changeable value of load and length of the boom (Figs. 4 and 5) was ob-
tained, agreement in the results concerns both the values of the obtained vibra-
tional frequency as well as the character of their changes

in the case of research into the influence of the boom length and the angle of
its inclination (Figs 6 and 7), agreement in the character of changes in vibra-
tional frequency and their values above a boom length equal to /, = 15 m was
obtained. Similar vibrational frequencies with slightly different characters of
their changes were obtained for smaller lengths of the boom

agreement in the obtained results indicates the correctness of the built models.

Verification of the built models will be possible after carrying out experimental
research on the real object (on a crane).
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