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Abstract: Periodic assessment of the technical condition of mechanisms and metal structures of foundry cranes is
insufficient to ensure the reliability of the technogenic system of metallurgical production with long operating resources.
Overviewing a crane as a set of rateresource elements with different recovery periods and regular control make it possible to
set a range of optional and functional diagnostic parameters with regular inspection and constant control of technical condition
of foundry cranes. The foundry crane is considered as an interaction of subsystems for which the operating conditions,
characteristic damages and defects are determined. For diagnostics, the application of the following methods is considered:
visual, visual-optical, vibration, thermal, non-destructive testing methods in the general structure of measures to maintain and
restore the working condition of metallurgical cranes. Control and assessment of the condition of hawser, metal structures,
lifting and movement mechanisms, automation systems are considered. The duplication of the strain monitoring system is
carried out by the acceleration control system of metal structures — which allows to estimate the loads impact on the metal
structure by the value of accelerations, which serves as the basis for the load cycle counter. The use of organoleptic methods,
the installation of fixed systems and methods for periodic monitoring using portable instrumentation and multichannel systems,
such as complex UMS-16 in conjunction with the SAFE PLANT allows to provide maintenance service information, prevents
injuries, developing at different speeds.
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parameters with regular inspection and constant control of
technical condition of foundry cranes.

Analysis of recent research and publications. The
occurrence of an additional furnace-ladle unit in the
technological cycle of metallurgical production raised
productivity in steelmaking, increased the intensity of
foundry cranes use. The increase in the height of electric

1. Introduction

The problem. Foundry cranes used in the metallurgical
industry are considered as an integral part of the
technological process, ensuring its continuity during certain
operations.

The technical condition of the complex of mechanisms,

elements and metal structures of the foundry crane is
determined periodically during technical and expert
inspections. This is not enough to ensure the reliability of the
technogenic system of metallurgical production with long
operating resources. Overviewing a crane as a set of
rateresource elements with different recovery periods make it
possible to set a range of optional and functional diagnostic

steelmaking and converter machines required an increase in
the lifting speed to reduce the overall melting cycle, therefor
it led to an increase in the number of failures of the lifting
mechanism, which was indirectly expressed by the
appearance of drive design options [1].

The need to control indirect indicators-noise and vibration
by meanes of organoleptic or instrument methods is indicated
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in regulatory documents [2, 3]. There are known studies of the
movement mechanisms vibration of overhead cranes [4, 5],
which used wireless and wired measuring systems. Dynamic
loads that occur in the metal structure during the movement of
the crane are considered in [6, 7]. The problem of installing
stationary vibration control systems on the mechanisms of the
bridge crane is a solvable problem [8], but general concepts are
not formulated for measuring the vibration parameters of the
main lift gearboxes located on an elastic base.

Experience in assessing the technical condition of
overhead cranes, summarized in [9], indicates the
effectiveness of using non-destructive testing methods
(capillary, magnetic, acoustic, eddy current, and others in
addition to visual inspection. Separately, the effectiveness of
the acoustic emission method in detecting cracks is indicated.
It was found that increased vibration leads to an accelerated
growth of cracks in the details of metal structures, reducing
the overall service life of the crane [10, 11].

There is a constant interest in improving the reliability of
foundry metallurgical cranes [12], which is expressed in the
defense of candidate and doctoral dissertations. The subject
of research is related to: assessment of operational risk and
safety management; diagnostics of metal structures damage;
prediction of safe working conditions during operation;
studies of thermal interaction on metal structures and ropes
[13-17]; assessment of the load-bearing capacity of elements
of metal structures of bridge cranes, etc. The main arguments
for the research relevance are: the worn-out fleet of bridge
cranes; the lack of funds for updating, reconstruction and
modernization; progressive indicators of the growth of
accidents and industrial injuries; human and material losses
from accidents with bridge cranes.

At the same time, there are no comprehensive approaches
that take into account the multifactorial nature of operating
conditions and modern capabilities of stationary and portable
diagnostic systems. Management of the functional state of
the bridge foundry crane mechanism complex is possible
after analyzing data on the actual state of each element,
forming information messages, synthesizing knowledge
about the technical condition to predict possible scenarios for
damage development [18].

The aim of the work is to form a set of basic and
additional, test and functional diagnostic parameters for
periodicting inspections and constant monitoring of the
technical condition of foundry cranes.

2. Results and Discussion

The technical system of the foundry crane includes
subsystems (Figure 1): metal structures — including main,
auxiliary and end beams; lifting mechanisms — main and
auxiliary; movement mechanisms — bogies and bridge travel;
control system. The system is recoverable in fixed periods;
the maintenance-inspections are repentedly carried out, such
as the inspections of components lubrication, tightening of
threaded connections, etc.

Metal structures

Movem
mecham

Control system

Lifting
echanisms

m

Figure 1. Technical subsystems of the foundry crane.

Operating conditions of the crane include the impact-
repeated-short-term power loads, thermal - from molten
metal, the environment of increased dustiness. Steelmelting
in electric steelmaking involves the participation of two
special metallurgical cranes: loading and casting. The main
function of the loading crane is to feed the filling bucket to
the electric arc furnace, load the furnace with scrap metal,
and bulk materials. The frequency of work is 3...4 loadings
per hour.

The casting crane transports the ladle with molten metal to
the vacuum vessel and to the continuous casting machine.
The frequency of work is 40... 60 cycles per day. The work of
casting crane in the similar converter steelmaking process to
the work in the electric furnace steelmaking, the loading
crane executes the loading of scrap metal and cast iron in the
process of each melting.

Metal structures are subjected to cyclic loads that lead to
appearance of fatigue cracks at the joints of the main girders
and leadstocks, in the joints of balance-beams, etc. The
reliability of foundry cranes with a load capacity of 110...450
tons is limited by the condition of metal structures which are
non-recoverable elements.

Electromechanical subsystems of lifting and moving
mechanisms could commonly fail. The causes of failures are
associated with various models of failures implemented in
bearings and gears of gearboxes, in brake units, couplings,
ropes, lower blocks of polispastes located on the traverse of
the hook suspension. The runners and the bearings of the
lower pulley blocks are mostly affected by the temperature
conditions. When moving the crane, uncertain dynamic loads
may occur, as well as distortions of metal structures due to
uneven operation of the movement mechanisms. Vibration
during the operation of the lifting mechanism can also cause
additional loads on metal structures.

Modern crane control systems are the systems of the first
generation, they are simple and economically inefficient [19].
The control is carried out by the “on-off” function. The
elements of the 2nd generation (maximum current protection,
limit switches for limiting the stroke and lifting) and
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elements of the 3rd generation (motor speed control) are
available. To ensure the synchronous operation of
mechanisms with a separate drive, it is appropriate to use the
electronic control systems, namely frequency converters and
synchronization systems. Electrical control circuits of cranes
do not provide functions for diagnosing the technical
condition of equipment and metal structures of the crane.

The experience of “VNIIPTMASH”, and statistics of
foundry cranes of the Oskol Electrometallurgical Combine,
show that the “weak links” of metallurgical cranes, especially
foundry cranes, are: relay-contactor control system and
reducers of the main lifting mechanism [20]. These “weak
links” have different time rate of change, and the assessment
check of their condition is carried out with mandatory
frequency by the specialists of certain qualifications [21].

Assessment check of the hawser condition is carried out:

a. By the crane operator during a daily inspection, regular
by a video image of the process of hawser reeling and
winding from the drum;

b. Weekly during inspection by the repair service master;

c. Constantly, measuring the thermal heating cycles of the
traverse of the hook suspension with a pyrometer,
which allows to define the number of cycles of heat
exposure and its intensity-for predicting the thermal
resistance of the hawser;

d. Obtaining data of a thermal situation with the help of a
thermal imager repeatedly provides data on the intensity
of heating of metal structures by operation cycles;

e. The condition of the bearings of the lower polispast blocks
installed on the traverse of the hook suspension is carried
out regularly by means of a test lifting with or without a
load according to piezoelectric sensors with memory units
installed on the axes of the polispast blocks;

f. Every 3...6 months when using magnetic methods of
non-destructive testing for flaw detection of hawsers.

g. The condition of metal structures is monitored:

h. Monthly by the driver and weekly by the repair service
master;

i. Constantly by the strain monitoring system-including a
laser and a measuring displacement matrix (Figure 2);
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Figure 2. Laser strain monitoring system: a) when moving the crane; b)
when lifting the load.

j- The duplication of the strain monitoring system is carried
out by the acceleration control system of metal
structures-which allows you to estimate the loads impact
on the metal structure by the value of accelerations. This
serves as the basis for the load cycle counter (Figure 3);
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Figure 3. Acceleration control system for metal structures.

k. Technical inspection is carried out the visual-optical
method with the application of quadrocopters, crawlers
and video endoscopes, non-destructive testing methods:
capillary, magnetic (control of residual magnetization),
eddy current, ultrasonic, acoustic emission, etc., control
of elastic and residual strain during static and dynamic
tests using laser rangefinders.

The condition of the lifting mechanism is monitored:

a. Weekly, for the visual inspection of the gear train
through the inspection hatches of the gearbox, brakes
and coupling couplings by the repair service master;

b. Constantly using a vibration monitoring system with a
minimum number of sensors installed in the lower part
of the gearbox housing and fixing the vibration values
in the lifting and lowering modes for comparison and
decision-making;

c. Repeatedly with the help of a multi-channel vibration
measuring system with additional checking of the stiffness
of the main beams by measuring vibration at the extreme
and middle position of the cargo truck (Figure 4).

Regular vibration monitoring based on portable data
collectors requires the presence of an operator beside the
mechanisms, which is not allowed. Constant monitoring with
the help of stationary systems leads to the collecting of a
large array of information that requires operational
processing — this problem has not found its solution yet. A
possible solution is to use the universal multichannel
measurement system UMS-16 (Figure 5) in conjunction with
the SAFE PLANT software.

The condition of the bridge movement mechanism is
monitored:

a. Weekly, the visual inspection of the gear train through
the inspection hatches of the gearbox, brakes and joint
sleeves is carried out by the repair service master;

b. Constantly using a vibration monitoring system with a
minimum number of sensors installed in the upper part
of the gearbox housing and fixing the vibration values
when changing the direction of rotation to assess the
overall wear, a comparative assessment of time
implementations will eliminate the influence of rail
track defects on the vibration of mechanisms;

c. Repeatedly using a multi-channel vibration measuring
system.

This approach can be used to monitor the condition of the
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movement mechanisms of the main and additional lifting
trolleys. The design of the investigated mechanism of the
main hoist of the casting crane is a single-drum circuit driven
by two gearboxes and motors with electrical synchronization
of rotation.

Vibration parameters were measured using a 795M
vibration analyzer and a piezoaccelerometer installed on the
housing of one of the gearboxes, in two modes: spectral
analysis of vibration acceleration in the frequency range
10...1000 Hz, 1600 lines; recording of the time realization of

Position 1

the vibration acceleration signal with a period of 200
microseconds, 16000 measurements.

The example of spectral analysis of vibration components
is shown in Figure 6a It indicates possible damage on the
working surface of the gear teeth, the level of damage is
initial. The recorded pulsations of the vibration signal with a
large amplitude range during the development of damage
(Figure 6b) were not specified in the spectral analysis due to
the low frequency and corresponded to damage to a slow-
speed gear train.
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Main girder

™ 4l

Main girder

[ 4l

Figure 4. Positions of the main truck while measuring the vibration of the lifting mechanism to assess the stiffiess of the main beams.
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Figure 5. Measuring unit of the universal multichannel measuring system UMS-16 (a), schematic diagram of the UMS-16 complex in conjunction with the

SAFE PLANT software (b).
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Figure 6. Fragments of vibration signals from the gear reducing box sensors: a) vibration acceleration spectrum; b) realization time.

Automation systems allow to obtain a number of

diagnostic parameters:

a. Control of current values and rotation speed allows to
carry out a comparative analysis of the loading stability
of the lifting and movement mechanism engines;

b. Monitoring of current derivatives allows to implement
an effective current protection that is triggered earlier
than the usual threshold setpoint;

c. The ability to control the actual power consumption of
the lifting engines, the speed and mass of the lifted load
allows to calculate the actual efficiency and compare it
with the reference surface (Figure 7) Efficiency = f (Q,

v), to obtain an indicator of the technical condition.

Well-known fact is a decrease in the values of the
efficiency of crane mechanisms, in particular the lifting
mechanism, with a decrease in the load and with a decrease
in the lifting speed. In the course of industrial tests of a
serviceable lifting mechanism of a 275-ton (Qwu) casting
crane when lifting loads of different weights Q at different
speeds v, the values of the torque M on the engine shaft and
the rotation speed w were recorded, using an automation
system. The data obtained made it possible to calculate the
actual values of the lifting mechanism efficiency according to
well-known formulas and present them in the table 1:
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where g is the acceleration due to gravity.

Table 1. Calculation data of the actual efficiency of the hoist mechanism.

Lifting efficiency v120% v240% v3 60% v4 80% vs 100%
27T
O/On = 27/275 = 0,098 0,465 0,394 0,330 0,292 0,269
241 T
O/On = 241/275 = 0,876 0,798 0,696 0,659 0,632 0,619
262 1 0,778 0,697 0,669 0,650 0,634
Q/On = 262/275 = 0,953 ? ’ ? ’ ?
304 1 0,832 0,741 0,707 0,688 0,679
0/0On = 304/275 = 1,105 ’ ’ ’ ’ ’
330 T

0,841 0,753 0,721 0,703 0,694

/01 = 3301275 =12

The presented data are approximated by a dependence of
the form:

Efficiency = a + b'In(Q/QH) + ¢ / (v/vh),

where a = 0,614; b = 0,154; ¢ =
coefficients.

The correlation coefficient is 0.992. A graphical
representation of the dependence is shown in Figure 7.
The resulting dependence remains unchanged in good
condition and gets distorted when damage occurs. This
allows the use of efficiency as a primary diagnostic
feature.

In general, it is possible to formulate, we can formulate the
axioms of the functional state for each element, which will
consider the choice of diagnostic parameters and the
frequency of their determination. At the same time, a list of
operational impacts that lead to the loss of working condition
is formed.

Operating capacity of electric part is ensured by the
constant parameters of conductivity and insulating properties
of the system; stable parameters of electrical quantities
(current, voltage) and temperature of the nodes not exceeding
the acceptable values, the implementation of the specified
functions during the regulating, absence of sparking.
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Figure 7. Reference surface of Efficiency = f(Q, v).

The functional state of the mechanical part is characterized
by the following features: low vibration and noise; smooth
operation, absence of shocks and tossing’s when changing
the direction of rotation; body frame temperature should not

exceed the limit values; absence of impact failure processes;
tightened threaded connections; absence of oil leakage and
cracks in the body parts of metal structures.

3. Conclusion

The use of methods of continuous technical diagnostics
and non-destructive testing allows to obtain reliable
information about the technical condition of the “weak links”
of the foundry crane.

The examples of continuous technical diagnostics of metal
structures and lifting mechanisms show that currently there is
a reliable instrument equipment, tested in real conditions of
metallurgical production.

Power-law relationships have been obtained between the
load, the lifting speed and the efficiency of the main lift
mechanism of a casting crane, which allows using efficiency
as a primary diagnostic feature.

A large array of data, in the form of a constant stream from
various sensors, requires the developing of diagnostic data
processing centers for processing and making operational
decisions to ensure the working condition of the foundry crane.
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