https://doi.org/10.26160/2474-5901-2023-36-55-60

MODERNIZATION OF THE ELECTRIC DRIVE OF THE LIFTING
MECHANISM OF THE BRIDGE CRANE

Lashina E.N., Maximov Ya.V.
Saint-Petersburg Sate University of Industrial Technology and Design,
Saint-Petersburg, Russia

Keywords: overhead crane, lifting mechanism, automated rdealrive, regulators, standard
settings, sensors.

Abstract. This article is devoted to the problem of imprayithe electric drive of the lifting
mechanism of the bridge crane. The article dismugbke main problems associated with the
operation of outdated equipment and presents apmitigts for its modernization. The main stages
of modernization are described with examples ofjgmoimplementation, as well as the main
components necessary to ensure the safety andyqofathe upgraded equipment are considered.
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AnHoTauusa. JlaHHas cTaThs TMIOCBAIIEHA TMPOOJIEME COBEPIICHCTBOBAHUS DJIEKTPOIPHBOJIA
MEXaHW3Ma ToJbeMa MOCTOBOTO KpaHa. B cTaTbe paccMaTpuUBaIOTCS OCHOBHBIC TIPOOJIEMBI,
CBSI3aHHBIE C DKCIUTyaTallMeH yCTapeBIIeT0 00OPYIOBaHUS M MPEACTABICHBI BOZMOXHOCTH JIJISL €T0
MozaepHu3auu. OINUCBHIBAIOTCS OCHOBHBIE OTalbl MOJEPHHU3ALUU C IMPUBEJCHUEM IPUMEPOB
peaM3anuy MPOCKTOB, a TAKKE PACCMATPHUBAIOTCS OCHOBHBIC COCTABISIOIIKEC, HEOOXOAUMBIC IS
obecrieueHHsT 0E30MACHOCTH M KaueCTBa PabOThI MOJICPHU3UPOBAHHOTO 000PYIOBAHHS.

Lifting cranes are an integral part of the indastsiphere of our country. They
are widely used in enterprises specializing in tepair and maintenance,
transportation and unloading of bulky cargo. Electirane drive has been the
dominant technology in crane construction for mitv@ a century. But with the
development of technology and an increase in tleEggnsupply of motor repair
plants, the creation of multi-motor systems withdiudual drives for each
mechanism of overhead cranes has become a necé&siy the increasing speed
of work processes, it was necessary to improve cihrol system, including
automation elements, in order to achieve maximugneadent of movements and
increase productivity. In addition, different typet overhead cranes are divided
into several groups according to design featurasp&ded cranes are attached to
the lower shelves of I-beams, and the supportireg anove along rails mounted on
crane beams mounted on the ledges of the uppergpatie columns of the
workshop or on trestles. Effective maintenance safdty at enterprises depend on
the quality of equipment. Therefore, the modermirabf the electric drive of the
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lifting mechanism of overhead cranes, given theipartant role in production
processes, is an important task to increase privitycteliability and safety in the
industrial sector.

A bridge crane is a special lifting equipment tlsatised to move large and
heavy loads. These designs are widely used in indugpremises, car repair
stations, warehouses and other enterprises. Stallgioverhead cranes are divided
into several groups: suspended and supportingjesieagd double girders. Cranes
are considered to be suspended (Fig. 1,a), whighmaunted to the lower shelves
of I-beams that are attached with one side to #ileng. The crane moves along the
inner lower shelf of the beam. The supporting medebve along rails (Fig. 1, b),
which are fixed on crane beams. They are installethe ledges of the upper part
of the columns of the workshop or on overpasses [1]

a b
Fig. 1. Suspension (a) and support (b) types ofeza

The bridge crane mechanism is a complex and tecbimallly advanced
system consisting of several components and mesinanthat allow you to move
and lift bulky loads. The crane includes craneksawith rails, beams or bridges,
cargo trucks and lifting mechanisms that providdinogl working conditions
depending on production requirements. The bridgeeciis controlled by a remote
control located in the crane cabin or at the bottdrthe workshop. The system is
driven by an electric drive that moves the troléd the beam. When the crane is
operating, it is necessary to control the movemeathanisms, optimize the pause
time, as well as take into account various typeswarhead cranes, depending on
the design and characteristics. To ensure the @aéeation of the system, the
motors are equipped with short circuit and overlgadtection, and electrical
equipment can be used at voltages up to 500V.rugBons in power supply and
access to electrical equipment located on the érittgss are controlled by
interlocking contacts, ensuring safe operation. hiieal requirements for the
composition and parameters of the technical meaes @are determined by the
general nomenclature of electric drives used inbtc version of the bridge crane
and its technological functions.

Requirements for the electric drive of the loatind mechanism:

a) reversible;

c) regulation of the speed of lifting (lowering);

d) limitation of acceleration during start-up arrdking.
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When forming requirements for the control systens)dt is necessary to
take into account that the CS must provide opearatiawo modes:

a) in the commissioning mode — for installation ampection of the crane;

b) mainly during the operation of the crane.

The control system must ensure that the brakeaaieated depending on the
operating mode. In addition, it is necessary tovjoi® for blocking the operation of
electric drives when reaching the extreme positmiithie executive bodies (lifting)
[2].

One of the main requirements for cranes is thetditimn of load capacity.
Special devices — load capacity limiters, whichnfosignals prohibiting the
operation of the corresponding electric drives, langent this requirement. The
indication of the current values of the parametars be presented on arrow devices
or digital indicators, depending on the modificatif the device.

In addition, the control system must provide théfeing protections:

a) against short-circuit currents;

b) from long-term overload currents;

c) from reducing the voltage in the network beltw permissible limit.

These protections are necessary to improve thabrity of the mechanical
components and mechanisms of the crane under abhaperating conditions.
These protections will ensure normal operating @ of electric motors, brakes
and other electrical devices. Protection againkage drop in the mains or voltage
loss ensures safe operation and the impossibifitgpontaneous start of electric
motors.

The CS must provide alarm about abnormal operatimgdes (during
overloads, short circuits, etc.), alarm about therating modes of electric drives
and control systems.

The shaft of the electric machine is connectedutpnca coupling to the shaft
of the gearbox, which lowers the rotation speed ahthe same time, increases the
torque. The output shaft of the gearbox is conmketttough a coupling with a rope
drum. A load-grabbing device is attached to twoesophrough a polyspast. The
polyspast is designed to reduce the linear veld8ity

The load lifting mechanism (Fig. 2) consists ofed@ctric motor (1), a brake
(3), a gearbox (4), a rope drum (5) and a hookesusipn. The rope is attached to
the drum using pads and bolts.

In the conditions of modern industry, one of thestmonportant factors
ensuring the efficiency and safety of productiorogesses is the quality of
equipment. It is especially important to update #lectric drives of lifting
mechanisms for overhead cranes, as they play aoriamt role in ensuring the
safety of production processes and product qudiitythe conditions of modern
industry, one of the most important factors engutime efficiency and safety of
production processes is the quality of equipments lespecially important to
update the electric drives of lifting mechanismsdeerhead cranes, as they play an
important role in ensuring the safety of productmmocesses and product quality.
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Thus, it is possible to consider the modernizatbnhe electric drive in order to
reduce operating costs and increase the stabilttyeoequipment [4].
1 2 %

—

Figure 2. Kinematic diagram of the lifting mechamisl — engine; 2 — clutch; 3 — brake;
4 — gearbox; 5 — drum; 6 — polyspast; 7 — fixedblof polyspast

The main efforts should be directed to the replasdnof the following
components and electrical parts:

— replace the frequency converter;

— use a new gearbox;

— replace the motor with a phase rotor with a metdh a short-circuited
rotor;

— install a joystick-type control panel from theognd, thereby increasing the
safety of the operator.

The modernization of the crane will allow you tovesanoney and get rid of
the following disadvantages:

— jerks will disappear when lifting and loweringettoad;

— the accuracy of stopping the crane at the seecification will appear;

— there will be no overload on the drive, both #gleal and mechanical;

— we will get rid of cable breaks and malfuncti@hsnechanisms;

— efficiency and power factor will increase;

— power consumption will be reduced due to thenogtioperation of the
frequency converter and the electric motor.

When choosing a converter for the modernizatiomradge crane electrical
equipment, the SchneiderElectricAltivar71 seriedrefjuency converters (Fig. 3)
provides a wide range of possibilities. This ser@tows you to control
asynchronous motors in open and closed speed t@ystems using the vector
flow control algorithm [5]. SchneiderElectricAltivd1 is a leading manufacturer of
frequency converters with extensive experiencenendreation and modernization
of such devices.

Taking into account the selection requirements, #HWEV71HD30N4
converter turns out to be optimal. It provides @as motor control laws, including
vector flow control with speed feedback (currenttee), vector flow control
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without speed feedback (voltage or current vecad the voltage/frequency law (2
or 5 points).

Scrér}(iiggr ]

Altivar 71
2240 - 3HP
2001260 v~

S O9

Fig. 3. Frequency converter SchneiderElectricAtiva, model ATV71HD30N4

This new frequency converter demonstrates a nuoftavantages:

1. Reduction of power consumption by 40% due tanmgdt control of the
electric motor together with the frequency converte

2. Smooth start without starting currents and shpakich prolongs the life
of the electric drive and reduces maintenance costs

3. Smooth control of the rotation speed of the teleenotor allows you to
efficiently move loads at different speeds, inciregghe productivity of the crane.
Also, more accurate positioning of the load is aied and its rocking is excluded,
which contributes to safe operation [6].

Thus, the modernization of the electrical equipnadrthe bridge crane using
the new frequency converter SchneiderElectricAtiitawill achieve the following
results: increasing the efficiency of the electiiove of the bridge crane, reducing
energy consumption by 40%, increasing the profitgbof equipment, preventing
emergency stops and unplanned downtime, reduciagctist of operation and
maintenance of the bridge crane, increasing thacgelife of the rope and ensuring
safety in the motor repair workshop with minimglimes in the workplace.

Summing up, it can be concluded that the modernoizaif the electric drive
of the lifting mechanism of the bridge crane opesah a repeated short-term mode
with a turn-on duration equal to 40%, that an ablyowcous electric motor with a
short-circuited rotor is used. Regulation is calroat with a frequency converter,
this increases the number of switches per unitimmet and this is lifting and
lowering the load, smooth start, which increases ¢mergy efficiency of the
working body.
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