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INCREASING THE PRODUCTIVITY OF THE BRIDGE CRANE DUE
TO THE INTRODUCTION OF ARDUINO'S HARDWARE
AND SOFTWARE BASE IN ITS CONTROL SYSTEM

The research results of the possibility of increasing the productivity of the bridge crane through the introduction of
hardware and software base Arduino in its control system are given in the article. The indexes of technical productivity
of batch operation lift and carry machines of periodic action are analyzed and the working cycle duration has been
shortened. Several cases (successive execution — each subsequent movement only begins after the end of the previous
one; partial combination — combine only a few separate movements are combined; full alignment — all crane movements
with the load are combined in time) is considered. In this article, based on the results of the analysis, the control of the
load-lifting machine was built due to of the introduction of telecommunication systems and technologies, namely the
use of microcontrollers with the implementation of control using wired (Ethernet) or wireless (Bluetooth, Wi-Fi) net-
work. Because there is the need to increase the productivity of lift and carry machines, to improve the working condi-
tions of personnel, to improve the reliability and durability of machine elements, causes the creation of new, more ad-
vanced systems of machine management and partial or complete automation of their work. Safety in the production will
increase significantly with this technology, as it will be possible to implement protection against overload, excess speed,
rocking, moving cargo to areas where people are located and so on the results of the article are shown. Crane manage-
ment can be done either from the operator's cab, directly controlled by the controller, or remotely, by transmitting sig-
nals over wired (Ethernet) or wireless (Bluetooth, Wi-Fi) networks.
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Introduction

Problem statement. The need to increase the
productivity of lift and carry machines, to improve the
working conditions of personnel, to improve the reli-
ability and durability of machine elements, causes the
creation of new, more advanced systems of machine
management and partial or complete automation of
their work.

Even partial automation of some processes of the
load-lifting machines leads to a significant increase in
its productivity.

Thus, for example, automatic smooth reduction of
speed before stopping and ensuring accurate landing of
cargo allow to increase the speed of goods and empty
crane hook movement, which leads to a decrease in the
required number of lift and carry machines, to reduc-
ing the number of servicemen, improving the working
hours of the machine and to improving working condi-
tions of employees [1].

The automation of the load-lifting machine also
has a significant effect in such cases, for example,
when performing assembly work with large-sized
products, as well as during unloading of holds of ves-
sels, when it is impossible to see the position of a
crane hook and load from the cockpit, and the connec-
tion between the crane operator and the worker, who is
in close proximity to the cargo is complicated. The use
of portable remote control increases the accuracy of
assembly and reloading operations, as maintenance
staff can be located in close proximity to the trans-
ported object.

Remote control is also necessary in cases when,
under conditions of performance, maintenance staff
must be located at a distance from the moving cargo.

Achievement of the indicated results at a high
level is possible only at the expense of introduction of
telecommunication systems and technologies in the
means of controlling the load-lifting machine.

Analysis of research and publications on this
problem. Systems of electronic control and control of
load-lifting equipment are widely used in different
countries of the world and are relevant for implemen-
tation in various spheres of activity.

Examples of the application of such technologies
are presented in [4-8].

The purpose of this article is to highlight the re-
sults of the study of the possibility of increasing the
productivity of the bridge crane due to the use of in
microcontrollers its means of control.

The main content

The technical performance of batch operation of
lift and carry machines, which include bay cranes, is
expressed in t/h and is calculated by equation:

O=gq-an, (1)

where q is load-carrying capacity of the machine;
a is a coefficient of the car use per load-
carrying capacity;
n is a number of cycles that a car performs in
one hour of work.
The number of cycles n is calculated as:

3600
n=—-—
t

2
N
where t; is the duration of one cycle in seconds.

After analyzing these mathematical dependencies,
it was concluded that by reducing the duration of one
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cycle, an increase in machine productivity can be
achieved.

The duration of a cycle depends on a number of
factors and is determined by the formula:

ty=t,+1t,, 3)

where ty, is the time spent by the crane on moving the
cargo along on the spatial trajectory;

t, is time spent on auxiliary operations, for ex-
ample, seizure of goods.

If you do not take into account the possibility of
automatic capture of cargo, then its possible to shorten
the duration of the working cycle by reducing the time
to perform crane work movements. Several cases are
possible:

- successive execution — each subsequent move-
ment only begins after the end of the previous one;

- partial combination — combine only a few sepa-
rate movements are combined;

- full alignment — all crane movements with the
load are combined in time.

Thus, for a bridge crane with a consistent per-
formance of working motions, the duration of a cycle
is calculated according to the following formula [2]:

t5=%+2(é—‘]+%)+ta, 4)
where H, 1;, 1, are respectively, the average values of
the load lifting height, the distance of the crane and the
cart movement;

Vo, Vi, V,, are respectively, the speed of lifting
the load, the movement of the crane and of freight
truck;

t, is the time spent on auxiliary operations.

For stacker cranes with automatic control the cy-
cle time is calculated taking into account the alignment
of movement along the rack with vertical movement

(2]:

tS=2(Il/—]]+%)+ta 5)

Comparing the given formulas, a significant
time saving in the case of automatic control and
combination of work movements (in the formula for
calculating the duration of the working cycle for the
stacker crane there is no component 4-H/V, , which

determines the time of vertically cargo movement)
can be notice (fig. 1).

Fig. 1. Options for managing the crane with different devices

However, it is not possible to achieve the optimal
combination of worker movements only at the expense

of the operator's qualifications. This is due to his abili-
ties. So, according to [3], if a crane operator is highly
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qualified, it is possible to combine only two and in
some cases (with small work intensity) three working
movements.

Thus, the maximum possible reduction in the du-
ration of the working cycle, which can be achieved
under these conditions, is 20-30 % and in calculations
it is given by introducing the coefficient of combina-
tion of working motions whose value is: for bridge
cranes — 0,8, for mobile jibs — 0.7.

Having examined the existing technology, Arduino
hardware and software base was selected. The software
part consists of a free software program (IDE) for writ-
ing software and hardware firmware. The hardware part
is a set of finished PCBs, manufactured by both the
official manufacturer and third parties.

The fully open architecture of the system makes it
easy to copy and complement the line of Arduino
products. Arduino can be used both to create stand-

alone objects and to connect to external control de-
vices.

For the management of analogue crane systems,
you only need to use an Arduino (Uno , Mega , or
other) card , several relays that lock analogue control
circuits. Also need a control device, which can be
either keys, sliders or even a joystick, and even a com-
puter or a mobile phone are needed.

To provide remote control, you need to connect
Arduino to the Internet using a private network and the
web-interface will probably be able to manage it from
almost anywhere in the world.

Also, this hardware base gives an opportunity to
install sensors of different types, which will be able to
monitor the parameters and location of the cargo. After
that, it will be possible to organize the output of vari-
ous types of information on the monitor or control
panel (fig. 2).

Control Wireless module
element (Bluetooth,
(joystick) Wi-Fi)
The module
connection
to PC | »[  control Position
ontroller q— sensor
Element | | * A
tput dat .
otfputdata Driver motor -
control L Engine

Fig. 2. Interconnection of components
of an automated crane control system

Management will be carried out by such an algo-
rithm. The control board (Arduino) tracks the position
of the joystick, generates a signal that triggers the
relay and activates the relay, which in turn will start
the engine to perform one or another operation. How-
ever, such a method will not give you precision in
control and everything will depend on the operator.
Therefore it is necessary to use a method that would
give an opportunity to track location. For example, to
install sensors that will mark exactly where the car-
riage.

Such sensors can be created with the help of dif-
ferent technologies, for example, it is possible to es-
tablish a special line along the entire distance of mo-
tion and an optical sensor that would count on it. It is
also possible to set a ruler on the engine axis that
would track the engine, which in turn could also allow
you to track the location by calculating the number of
revolutions per unit distance. Thus, it is possible to
arrange automatic motion, by programming the
movement at the desired distances, which will be listed
by the algorithm in the desired number of engine revo-
lutions.

Crane management can be done either from the
operator's cab, directly controlled by the controller, or
remotely, by transmitting signals over wired (Ethernet)
or wireless (Bluetooth, Wi-Fi) networks.

Safety in the production will increase signifi-
cantly with this technology, as it will be possible to
implement protection against overload, excess speed,
rocking, and so on. Also, if a beacon is installed in an
employee’s helmet, this will allow to track the position
of employees and based on these data, it will be possi-
ble to safely move the goods from one point to another
without endangering people.

Conclusions

As a result of studying the possibilities of in-
creasing the productivity of the bridge crane, the fol-
lowing is established:

- an effective way to increase the productivity of
a batch operation lift and carry machine is to reduce
the duration of the working cycle due to the combina-
tion of separate movements of the load;

- it is impossible to achieve a significant combi-
nation of separate movements only at the expense of
the operator's qualification;

- the optimal combination of working movements
and the choice of the optimal trajectory of cargo move-
ment is possible due to the application;

The most advantageous option of control systems
automation for crane mechanisms in today's condi-
tions is the use of hardware and software base
Arduino.
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IoBpIIeHHE NMPOM3BOANTEILHOCTH MOCTOBOI0 KPaHA 32 CYeT NPHMMEHEHHUS B €r0 CHCTEMbI YIIPaBJICHHUSI
anmnapaTHO-NporpaMMHbIX 6a3bl Arduino

B.T. Cmonsp, U. U. Cirocaps, . A. Uepnunkas, B. B. Kau, A. B.Opucenko

B craTbe NpUBEICHBI Pe3yNbTaThl UCCICIOBAHHUI BO3MOXKHOCTH MOBBILICHHS POU3BOJUTEIBHOCTH MOCTOBOTO KpaHa 3a
CUYeT BHEJPCHHS B €r0 CHCTEMBbI YIIPaBJICHHs alapaTHO-mporpaMMHoil 6a3sl Arduino. TIpoaHan3upOBaHbI OKA3aTENN TEXHHU-
YECKOM MPOU3BOANTEIILHOCTHU MOABEMHO-TPAHCIIOPTHBIX MAILHH IEPHOMIECKOr0 ICUCTBHS M MPOBEICHO COKPAIICHHE MIPOIOI-
JKUTEIBHOCTH pabodero IuKiIa. PaccMOTPEHbI HECKONBKO CIydaeB (IOCIEI0BATEILHOE BBINOIHEHUE - KaKIBIH IIOCIELyIOIHi
JIBHKCHUE HAYMHACTCS TOJBKO IMOCJE 3aBEPIICHHMS MPEABLAYIIEro; YaCTUYHOES COBMEIICHHE - COBMELIAIOTCS JIMIIb HECKOJIBKO
OT/ICNIbHBIX JIBHKCHHUIT; IIOJIHOE COBMEIIICHHE - BCE JABMIKCHHS, KOTOPBIC KPaH MOXET OKa3bIBaTh IPy3y COBMEIICHBI BO BPEMEHH).
B naHHO#i cTaThe 1O pe3ylbTaTaM MPOBEICHHOIO aHaIN3a MOCTPOCHBI YIIPABICHHUSI IPY30M0ABEMHON MAILIMHOM 3a CYET BHEIpE-
HHS TEJICKOMMYHHKAIIMOHHBIX CHCTEM U TeXHOJIOrHi. TaKMMH TEXHOJIOTHAMU MOT'YT OBITh - IPUMEHEHHE MUKPOKOHTPOJLICPHBIX
CpEJICTB ¢ peayn3anueii ynpasieHus ¢ npuMeneHreM npooxHoi (Ethernet) wmu 6ecnipoBonnoit (Bluetooth, Wi-Fi) ceru. Ioto-
MY 4TO CYILIECTBYET HEOOXOAUMOCTD TTOBBIIICHHUSI IPOU3BOANTEIILHOCTH [TOIbEMHO-TPAHCIIOPTHBIX MAIIINH, YITyILUICHHE YCIOBHI
TpyAa 00CIy)KHBAIOIIETO MEPCOHANA, TOBBILICHUE HAICKHOCTH U JOJITOBEYHOCTH SJICMEHTOB MAIIMHBI BO3HHUKACT HEOOXOJH-
MOCTb CO3/IaHHSI HOBBIX, 00JIe€ COBEPIICHHBIX CHCTEM YIPABJICHHUS MallMHAMU M YaCTHYHOIN WIIM MOJHOW aBTOMATH3AllUH HUX
paboTel. B pesynbratax craThbu ObUIO IOKa3aHO, YTO OE30MACHOCTH HAa MPOU3BOICTBE 3HAYMTENILHO YBEIMYUTCS C ITOMOIIBIO
JTAHHOM TEXHOJIOT'HH, Belb BO3MOXKHO Oy/IeT Pealli30BaTh 3alIUTy OT HEPErpy3KH, IPEBBIILICHUS CKOPOCTH MIEPEMEIICHH S, PacKa-
YHUBAHUS, [ICPEMEILCHHS IPy3a B 30HbBI, [JIC HAXOAATCS JIFOIHM M TIpoYee, a YIpaBieHHE KPAHOM BO3MOXKHO peajii30BaTh Kak W3
KaOWHBI OIepaTopa, YIpaBisis HEMOCPEACTBEHHO KOHTPOIUICPOM, TakK M JMCTAHIHMOHHO IepejaBas CHIHAbI [0 HPOBOJHOMN
(Ethernet) nim 6ecipoBozHoit (Bluetooth, Wi-Fi) cern.

Kao4yeBble ciioBa: MOCTOBOH KpaH, aBTOMATH3aLlKs, KOHTPOJLIEP, TEXHUYECKAs [IPOM3BOIUTEILHOCTh, COBMEILICHIE
pabounx onepauii, Arduino, Ethernet, Bluetooth, Wi-Fi, mogbemMHo-TpaHCIIOPTHOE MaIlIMHA, TPY30II0JbEMHAs MaIIFHA.

IigeuieHHs NPOAYKTHBHOCTI MOCTOBOI0 KPaHa 32 PaXYHOK 3aCTOCYBAHHS B HOI0 CMCTeMaxX KepyBaHHS
anapaTrHo-nporpaMHoi 6a3u Arduino

B.T. Cmonsp, L. I. Cirocaps, 1. O. Yepnuipka, B. B. Kaum, O. B. Opucenko

VY cTarTi HaBeIEHO Pe3yNbTaTH JIOCHIIPKEHb MOMJIMBOCTI HiJBUIIEHHS NPOAYKTHMBHOCTI MOCTOBOTO KpaHa 3a PaXyHOK
BIIPOBAJKEHHS B HOIO CUCTEMH KepyBaHHS anapaTHO-nporpamHoi 6a3u Arduino. ITpoanainizoBaHO IOKa3HUKH TEXHIYHOI IIPOAY-
KTHBHOCTI MiJIi{OMHO-TPaHCIIOPTHUX MAalIMH IEPiOANYHOI il Ta NPOBEACHO CKOPOUCHHS TPUBAIOCTI poOodoro nukiy. Posris-
HYTO JIeKiJIbKa BUNAJKIB (TIOCIi/JOBHE BUKOHAHHS — KO)KHMI HACTYMHHMIH PyX MOYMHAETHCS JIMILE ITICIs 3aBEpIUCHHS HONepe-
JIHBOT'0; YaCTKOBE CYMIILIEHHS — CyMIIIAIOThCSA JIMIIE JEKUIbKa OKPEMHUX PYXiB; IIOBHE CYMILEHHS — BCl PYXH, SIKi KpaH MOXe
HaJaBaTH BAHTA)XEBI CyMillleHi B 4aci). Y JaHii cTaTTi 3a pe3y/lbTaTaMM IIPOBEJICHOrO aHali3y o0yJ0BaHO KEpyBAaHHS BaHTa-
KOITIIOMHOI0 MAILIMHOO 332 PaxXyHOK BIIPOBA/DKCHHS TEJICKOMYHIKalliHUX CHCTEM Ta TeXHOMNOriil. TakuMu TeXHOIOrisiMu Mo-
KYTb OyTH — 3aCTOCYBAaHHS MiKpPOKOHTPOJIEPHHX 3aco0iB 3 peanizalli€elo YIpaBiiHHS i3 3acrocyBaHHAM JpoToBoi (Ethernet) un
6e3nporosoi (Bluetooth, Wi-Fi) mepexi. Tomy 1110 icHye HEOOXiqHICTh MiJIBUILEHHS NPOAYKTHUBHOCTI IiJHOMHO-TPaHCIIOPTHUX
MAIIH, TOKPAIIEHHs! YMOB Ipalli 00CIyroByIOUOro nepcoHaly, IiJABUIIEHHS HaJIHHOCTI Ta JOBrOBIYHOCTI €JIEMEHTIB MallHHH
BUHHKAE 10TpeGa CTBOPEHHS HOBUX, OLIBII JOCKOHAIMX CHCTEM KEpyBaHHS MAlllMHAMM Ta YaCTKOBOI YM MOBHOI aBTOMaTH3aLil
ix poboru. Y pe3ynpraTax cTaTTi Oy/o MoKa3aHo, 1o Oe3neka Ha BUPOOHUIITBI 3HAYHO 301IBIIUTHCS 32 JIOTIOMOIOK0 IaHOi TeX-
HOJIOT1, apke MOXJIIMBO Oy/ie peanizyBaTH 3aXUCT Bill IEPEBAHTAXKEHHS, IEPEBUILCHHS [IBUIKOCTI IIEPEMIILICHHs, PO3roiyBaH-
Hsl, TIEPEMIILCHHS BaHTaXXy B 30HHM, Jie NepeOyBarOTh JIOIM Ta iHILE, a KePYBaHHSA KPAaHOM MOXIIMBO peai3yBaTH K 3 KaOiHM
oreparopa, Kepytouu 6e3rocepeHb0 KOHTPOIEPOM, TaK 1 AUCTAaHLiIHO nepenaoun curaany no aporosiit (Ethernet) un 6e3apo-
toBii (Bluetooth, Wi-Fi) mepexi.

Karo4doBi c1oBa: MocToBHIl KpaH, aBTOMAaTu3allis, KOHTPOJEp, TEXHIYHA IPOAYKTHBHICTb, CyMIIlIEHHS pPOOOUYMX OIe-
pauiii, Arduino, Ethernet, Bluetooth, Wi-Fi, miniioMHo-TpanciopTHa MamuHa, BAHTaXOIIIHOMHA MaIlIHA.
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