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Abstract. In the recent years, girder bridge cranes are replaced by double-beam overhead
cranes with beams of rectangular cross-section. In addition, new materials are used for their
fabrication, characterized by different values of allowable loads and deformations. In the paper,
two overhead cranes from JSC "Vilniaus kranai" are considered. A mathematical model is
proposed that enables assessment of the impact of the hydraulic damper built in the cargo
suspension system upon the dynamic features of the crane in the beginning of the lifting
process. It was determined that in such a way the period of vibration damping is reduced.
However, the impact of the damper upon the dynamics of the metal structure of the crane is
limited because of high mobility of the rope as compared to the mobility of the total structure.
Keywords: overhead crane, lifting process, hydraulic damper, stiffness of the rope, time
diagram.
Introduction
Overhead cranes are important equipment of a majority of industrial and energy enterprises.
Reliability of their operation predetermines a success of the manufacturing process.
Simultaneously, the said equipment is important with respect to the occupational safety, so an
assessment of dynamic load on its operation is an urgent technical problem. Depending on the
dynamic properties of the crane, the parameters of the system for protection of the driver
against vibrations and knocks are chosen [1].
In terms of dynamic computations, a crane is a united dynamic system that consists of the
mechanisms, the supporting metal structure, the drive and the structural unit of the part of the
building where the crane operates. An assessment of the variety of all interacting elements of
the crane by dynamic computation is too complicated. However, it is not required in a majority
of cases because not all factors contribute to formation of the dynamic loads to the same extent.
On a transfer from the real machine to dynamic computation, the physical factors that are not
important for the specific case of computation are not taken into consideration.
Maximum dynamic loads in the structure of a crane are induced in the beginning of the
lifting process [2], which is attributed to the transients in mechanical systems because of rapid
changes of resistance and driving forces. In the case of these processes, an assessment of the
interaction between the mechanism and its electric engine is of a great importance [3].
While analyzing electromechanical systems, reliable solutions for formation of Simulink
model are obtained in the environment of MATLAB [4, 5]. The dynamic curve of the crane
load movement impacts the loads of its metal structure as well [6].
The load to the metal structure is transferred via the rope. On cargo lifting, the stiffness of
the rope is growing, so the conditions of vibration damping in the rope and the time of transfer
of the load from the cargo to the lifting mechanism alter [7]. Transfer of dynamic loads from the
rope to the drum of the lifting mechanism is predetermined by the rope winding conditions [8].
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Dynamic deformations and tensions in an overhead crane are calculated by applying the
method of finite elements upon considering the crane as a three-dimensional system. In such a
way, the loads simultaneously appearing on vertical and horizontal movement of the cargo are
assessed [9]. It was found that when the cargo cradle moves along the overhead crane, the
maximum deflection of its beam depends on the speed of movement of the cradle [10].
In the recent period, in course of improvement of automatic welding technologies, more and
more widely overhead cranes with the metal structure consisting of two beams with “box-type”
cross-section are used instead of girder ones used in the previous century. Because of this, the
weight of the metal structure is reduced. In addition, the dynamic loads caused by the forces of
inertia on changes of the speed of the crane movement are reduced as well. The mass of a girder
crane is approximately equal to the mass of the lifted cargo, while the mass of a crane with
“box-type” beams is equal to 0.1-0.3 of the lifted cargo (dependently on the span).
However, when the number of junctions in the structure is reduced, the forces that damp the
vibrations excited in the beginning or the end of the lifting process become weaker. It is also
important that the said vibrations are being damped upon operation of the engine of the lifting
mechanism in the steady state mode. The increased duration of damping the elastic vibrations
after a cessation of the impact of the excitation force or moment reduces the performance
efficiency of the crane. Firstly, the vibrations of the crane structure cause vibrations of its cabin.
Secondly, vibrations of the metal structure cause reduction of the fatigue resistance. So, the
problem of vibration damping becomes of uppermost importance in cranes of the said type. The
intensity of damping the vertical vibrations of a crane on its operation may be increased by
hydraulic damper built in the structure or the lifting mechanism. The second version is more
simply to accomplish.
The structure and dynamic model
This paper considers the possibility to apply vibration damping in overhead cranes produced
by JSC "Vilniaus kranai" by means of a hydraulic damper built in the cargo suspension system.
The attention was focused to the processes that take place in the beginning of the lifting process
because it distinguishes itself for the hardest operating conditions of the drive of the lifting
mechanism and the metal construction.
The cranes of two types were examined: TAII-12,5-10, 8-6 (the crane 1) and TAII-10-20, 710 (the crane 2), with the lifting capacity of 12.5 tons and 10 tons, respectively. For production
of these cranes, steel S355J63 or S355NL (dependently on the ambient temperature) is used.
This steel, used instead of the ordinary structural steel, leads to the reduction of the weight of
the metal structure. However, the impact of the forces of inertia of the cargo increases.
The metal structure of the crane consists of two beams of rectangular cross-section welded
of plates of the above-mentioned steel. The masses of the beams are 1240 kg and 3420 kg,
respectively. The scheme of the crane is provided in Fig. 1. The span B of the first crane equals
10.8 m and the span of the second crane - 20.7 m. The lifting mechanism is installed in the
trolley. In the mechanism, an asynchronous engine with a rope drum connected via a planetary
reducer is used. The ratio of the reducer equals to 185.3 for both cranes. The repeatability of the
system of pulleys equals to 6 in the first crane and to 4 in the second crane. Their operational
lifting speeds are equal to 3.2 and 5.0 m/minute, respectively.
In Fig. 2, the scheme of the lifting mechanism with a built-in hydraulic damper is presented.
The counterweighing pulley 1 is fixed to the lever 3 and is supported against the frame of the
trolley via two suppressive springs 2. The other end of the lever is connected to the handle of
the piston of the hydraulic damper. For increasing the impact of the hydraulic damper upon the
dynamics of the crane, the stiffness of the suppressive springs was chosen equal to the initial
stiffness of the rope upon the maximum length of the rope.
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Fig. 1. The scheme of an overhead crane

On the basis of the dynamic model of the overhead crane (Fig. 3), the expressions of
potential and kinetic energy as well as the dissipation function are developed:


1  k ⋅ kd
2
Π= 
( x1 − Rϕ + x0 ) + k0 x02  ,
2  k + kd

1
T = ( m0 xɺ02 + m2 xɺ12 + I ϕɺ 2 ) ,
2
1
2
Φ = ( h + hd )( xɺ0 − Rϕɺ + xɺ1 ) + h0 xɺ02 ,
2

(

(1)

)

where x0 – deflection of the metal structure, x1 – coordinate of the lifting mechanism, φ –
rotation angle of the drum of the lifting mechanism multiplied by the repeatability of the rope of
the lifting mechanism, m0 – mass of the metal structure, m2 – mass of the lifted cargo, I –
moment of inertia of rotating parts of the lifting mechanism, R – radius of the drum of the
lifting mechanism, k0 – stiffness of the metal structure of the crane in the vertical direction, k –
stiffness of the rope, h0 – damping coefficient for the metal structure, h – damping coefficient
for the rope, kd – stiffness of the supplemental springs, hd – damping coefficient of the damper.

Fig. 2. The scheme of installing a hydraulic damper in the cargo suspension system
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The mass of the first crane is 4080 kg and the mass of the second crane is 8700 kg. In course
of the computation, it was found that I = 1.5·103 kg·m2 for both cranes. The damping coefficient
h = 0.225·103 kg/s for both cranes. For the first crane, h0 = 17.56·103 kg/s, and for the second
crane - 13.98·103 kg/s.
The stiffness of the metal structure of the crane was found on the basis of the value of the
static deflection on lifting the maximum cargo. In the case of the first crane, this deflection
equals 17 mm, and in the case of the second crane - 31 mm. So, k0 for the first crane is equal to
7.35·106 N/m and for the second crane - 3.22·106 N/m.
The values of the stiffness of the rope were accepted in accordance with [11], i.e. the
stiffness gradually increases upon higher rope deformation. The initial values of the
stiffness for the first crane are 0.58·106 N/m (when the length of the rope equals 6 m) and
1.16·106 N/m (when the length of the rope equals 3 m). For the second crane, the initial values
of the stiffness are 0.28·106 N/m (when the length of the rope equals 10 m) and 0.56 106 N/m
(when the length of the rope equals 5 m).

Fig. 3. Dynamic model of an overhead crane with a hydraulic damper installed in the cargo suspension
system

The value of the damping coefficient in the hydraulic damper hD = 0.4·106 kg/s was
accepted according to [12] and used in investigation on the dynamics of the first and the second
cranes.
When the expressions of potential and kinetic energy as well as the dissipation function (1)
are inserted in Lagrange equations of the second type, a system of three equations is obtained.
Such a system of equations is expressed in operator notation, thus obtaining solutions for
formation of Simulink model in MATLAB. It is assumed that the rotational speed of the engine
is constant and it is computed on the basis of the given lifting speed upon assessment of the
repeatability of the system of pulleys.
The results of the investigation enable assessment of the possibility of damping crane
vibrations by means of a hydraulic damper.
The results of the investigations
During research it was determined that during start of the engine of the lifting mechanism,
considerable dynamic loads affecting the mechanism are generated (Fig. 4). Independently on
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the length of the rope, the vibrations appearing in this zone are essentially harmonic for both
cranes and their frequency is 11–12 Hz. Within the first period, the dynamic factor:

Kd =

Fmax
,
Fs

(2)

where Fmax – maximum affecting force, Fs – gravity force of the lifted cargo. The value of the
factor is 1.7. Such vibrations disappear within 1.8 – 2 seconds.
Thanks to the hydraulic damper, these vibrations are eliminated. The dynamic loads express
themselves in the first period only (Fig. 4).

Fig. 4. The time diagram of the force that impacts the lifting mechanism (the crane 2, rope length L= 6 m):
a – without damper, b – with damper

For this cause, in the beginning of the lifting process, the aforementioned 12 Hz vibrations
are transferred to the suspension (Fig. 5, a) upon the impact of the force of inertia of the cargo
and the force of stiffness of the rope. However, such vibrations disappear within several
periods, i.e. within 3 – 5 seconds. Simultaneously, vibrations of considerably lower frequency
(2.0 – 2.2 Hz) appear. These vibrations decay within 12 – 16 seconds from the beginning of the
lifting process. An exception is provided by the case of the second crane when the length of the
rope is not big – equal to 3 m. In such a case (Fig. 5, b), the vibrations within first 6 seconds are
sharply biharmonic – they consist of 11 Hz and 2.0 Hz harmonics.
Here, vibrations of a higher frequency last for one period only. However, the dynamic factor
may increase, in particular, if the rope is shorter, when Kd is up to 2 (Fig. 5a, b). The period of
damping the vibrations of the lower frequency (2 Hz) falls down to 4 – 6 s, i.e. 2 – 2.5 times, as
compared to the system without a damper (Fig. 6).
In the course of calculation of the system without a damper it was determined that in the
beginning of the lifting process, vibrations of the lower frequency are induced in the crane
metal structure as well. In the first period, value of the dynamic factor is up to 1.15. This
gradually falling load acts for 14 – 16 seconds. In addition, inconsiderable variable load (11 –
12 Hz) manifests in the first period. In case of a system with a damper, such vibrations are not
excited, and damping of vibrations of the lower frequency is remarkably intensive. Within the
first period, the dynamic load of the metal construction is reduced by 15-20% and is totally
eliminated within 6-7 s.
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Fig. 5. The time diagram of the force that affects the end of the rope, the crane 2:
a) L = 6 m, b) L= 3 m: 1 – without damper, 2 – with damper

Fig. 6. The time diagram of the load of the metal structure of the crane (the crane 2, L = 6 m):
1 – without damper, 2 – with damper

Conclusions
1. In the case of application of hydraulic damper built in the cargo lifting mechanism of an
overhead crane, its drive is protected against dynamic loads within the frequency of 11– 12 Hz.
2. Owing to the hydraulic damper, the vibrations of the said frequency excited in the rope at
the lifting mechanism are eliminated and the period of damping of vibrations of the lower
frequency (2.0 – 2.2 Hz) is reduced by 2 – 2.5 times.
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3. Upon using a hydraulic damper, the period of damping the vibrations (with the frequency
2.0 – 2.2 Hz) that are excited in the metal structure of an overhead crane in the beginning of the
lifting process is reduced from 15 – 16 s to 5 – 6 s.
4. The impact of a hydraulic damper built in the lifting mechanism upon the crane metal
structure is limited by mobility of the rope.
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