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Abstract

The purpose of the research, the materials of which are presented in this paper, is to reveal modern approaches to
combat the deformation of geometric parameters in the construction of electric overhead cranes. This issue is quite relevant
in terms of compliance with safety requirements at work. To solve this issue, it is proposed to use the improved technique
of geodetic monitoring of geometric parameters of constructions of overhead and electric gantry cranes. The paper describes
a laser-mirror system for controlling geometric parameters, which allows considering fairly strict requirements. This method,
as demonstrated by experimental data, is one of the most reliable and accurate. The authors developed and used the
installations of the “Laser beam — mirror” system, which shall meet clear methodological requirements. It is shown that
the deviation from the correct installation of the mirror in the vertical plane leads to an increase in measurement errors.
The research was carried out with the help of a laser mirror device. As a result of the research and using the procedure
developed by the authors, a rectangular scale for fixing the laser beam was proposed. The implementation of the results
obtained by the authors will allow establishing the accuracy of measurements within the limits of permissible values.
In addition, the existing permissible deviations of the geometric parameters of the constructions of overhead cranes
at industrial enterprises were analysed. The authors identified the shortcomings of modern existing methods and proposed
new geodetic equipment and methods of their implementation. The paper examines the accuracy of the developed methods
that can ensure and increase the guarantee of safe operation of overhead cranes.
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Statement of the problem

Electric overhead cranes are the most widely
used in industry for movement of goods. Problems
for normal and trouble-free operation and lifting of
vehicles are caused by the deformation of geometric
parameters in the construction of the crane equip-
ment.

Now, a few different types of geodetic mea-
surements and methods have been developed to
determine the deviation from the design position of
constructions of overhead cranes [1]. However, in
practice, the problem of improving the technique of
geodetic monitoring of the crane equipment is urgent
and insufficiently addressed.
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To ensure safety under industrial conditions,
there are regulatory documents that specify permis-
sible deviations in the construction of overhead cranes,
gantry cranes, and others.

The task of this work is to improve and increase
the accuracy of measurement methods and geodetic
control of geometric parameters of constructions of
overhead and electric gantry cranes to comply with
safety requirements when performing work at indus-
trial enterprises.

Analysis of recent research and publications
When determining the transfer angles of the
running wheels of overhead and electric gantry cranes,
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Fig. 1. Permissible deviations of crane constructions

methods and tools based on laser-mirror devices,
considered in works [2], were proposed.

A safety inspection is an important procedure for
the operation of overhead cranes. However, to ensure
effective verification, quite a few issues should be
addressed [3].

The monitoring of structural damage for large
structures such as overhead and electric gantry cranes
is inconvenient and difficult. The problem of predic-
ting buckling boom damage for cranes can be solved
using a Gaussian process regression model. This
approach will help to obtain better results in point
and interval forecasting, thus improving the accuracy
of the model [4—7].

The paper [8] analyses the problems of damage
to the under-crane track because of the operation
and describes the inspection of beams of the under-
crane track and the determination of residual du-
rability. Based on the obtained data, it is possible
to determine the residual resource of the construc-
tion under consideration.

Outline of the main material

Recently, a few various geodetic measure-
ments, methods, and devices have been developed
to determine the degree of deviation from the design
position of the construction of overhead cranes.
However, in practice, the problem of improving
the technique of geodetic monitoring of the crane
equipment is wurgent and insufficiently addres-
sed.

To comply with safety regulations, there are
permissible deviations in the construction of overhead,
gantry, and other cranes. Fig. 1 shows the permis-
sible deviation of the rails of the bridge of the elect-
ric overhead crane in a cross-section. It should not
exceed [9]:

8 S oK (M

where K is the width of the span between the
undercarriage rails (at K = 2.0 m, A, < +4 mm).

The deviation of the axis of the undercarriage
rail from the design position in height should not
exceed [9]:

A <£1.0%35,, )

where 6, is the thickness of the structure of the
longitudinal beam of the crane bridge.

The permissible deviation of the running wheels
of the crane A from the theoretical straight axis
should not exceed [9]:

A=K *D, 3)

where K < 0.0006.

With the diameter of the running wheel
D = 500 mm, A = 0.30 mm.

When studying the existing tolerances, it should
be noted that the deviations of the actual position
of the crane constructions from the design posi-
tion are quite strict, for example, within 0.3—4 mm.
It is for these reasons that to comply with the
standards, it is necessary to have high-quality, accurate
and perfect methods and tools that allow determining
the indicators of deviations with the necessary
and guaranteed accuracy.

The method of measurement accuracy based
on the proposed method is a complex process that
depends on many factors and requires constant
improvement in observations and research.

The purpose of the proposed method is to
determine the magnitudes of errors in measuring
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Fig. 2. Determination of the misalignment angles of the running wheels

deformations of crane equipment, their dependence
on the position of the laser beam in real, rather
complex production conditions.

Let us consider the influence of the installation
error of the mirror of the laser-mirror device in
a vertical position on the accuracy of measuring
the angles of misalignment of the running wheels
of overhead cranes.

Fig. 2 shows the general view of the laser-mirror
installation 1, which is installed on the track 3 of
the trolley 2 of the overhead crane 4.

To determine the deformation of geometric
parameters of the crane construction, and in parti-
cular the skew angles ¢ of the running wheels 8§,
the laser beam 6 is directed parallel to the rail axis
at the mirror reflector 7, which is attached to the
running wheel 8. The angle ¢ will be determined by
the formula [10]:

[*p'
¢=— 4)
where [/ is the reading on scale 7 of the installation;

L is the distance between the running wheel
and the scale of the laser installation; p' is the radian
in minutes.

In this case, it is important to determine the
accuracy of measuring the skew angles, which will
be done by the formula:

_ M, *p’
¢ 2L
where M, is the error of determining the angle @;

M, is the measurement error of distance / on
scale 7 (Fig. 2).

, (&)

Based on formula (5), the accuracy directly and
proportionally depends on the accuracy of readings
of the laser beam reflected from the mirror 5.
The accuracy can depend on various factors.

Let us consider the correlation of errors from
the setting of the mirror in a vertical position.

Fig. 3 shows mirror A installed in a vertical
position with an error of 8. The horizontal beam
of the OK laser device is directed at the mirror.

After reflection from the mirror, the ray leaves
the light point M on the screen B. The ray is

Fig. 3. Scheme of correlation of errors from mirror installation
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Table 1
Dependence of the correlation value of errors relative to the screens
Numbers Counts / across the screen The values of the skew angles
. Value of
of running angular
wheels On a rectangular | On the scale at | On a rectangular On the scale deviations,
of crane . at an angle, :
. scale, mm an angle, mm scale, minutes . minutes
equipment minutes
1 30.5 38.3 4.1 52 1.1
2 23.0 34.1 3.2 4.7 1.5
3 40.7 473 5.5 6.4 0.9
4 17.5 28.8 2.3 33 1.0
5 15.0 25.0 2.1 34 1.2
6 8.0 17.0 1.1 2.3 1.2
7 48.0 57.5 6.6 7.8 1.2
8 92.4 96.8 25.4 26.6 1.2

incident and reflected. It lies in the same plane
with the normal N relative to the mirror and
points O, N, M lying on the same straight line.
With the vertical position of the mirror A, the true
value of the angle 2¢ is the angle OKM'. Because
the mirror is deviated from the vertical with an error
of 8, instead of the angle OKM' = 2¢, we get the
angle OKM = 2¢'. The difference Ap = ¢' — ¢ is
the error of measuring the angle ¢, due to the
error 6 of setting the mirror in the vertical posi-
tion.

The correlation between ¢ and ¢' can be
established based on Fig. 3 as follows:

tg2p = % tg2¢'= (6)

cosaoL* L

Due to the smallness of the angles ¢ and o',
we can write:

(Pv: P ) (7)
cosa

It can be seen from equation (7) that the angle
¢ is the horizontal projection of the angle ¢'. To ob-
tain it, it iS necessary to obtain readings / = OM on
the screen B from the light point M. This can be
solved if a rectangular coordinate system is created
on the screen B. This coordinate system is followed
according to the proposed procedure. In this system,
the installation in the ideal position is ensured
with high accuracy along the reflected beam. By
rotating the mirror around the horizontal axis the
reflected beam from the OK mirror is directed to the
scale /.

For more reliable information about the accuracy
of measurements of geometric parameters of the crane
equipment, let us consider an example of the use
of two types of screens: rectangular and at a given
angle. The laser device was installed at 12.5 me-
ters from the running wheels. When determining
the readings for accuracy on the scales, special
recording devices were used, which allowed taking
readings with an accuracy of m, = £1.0 mm with
a permissible error [10]:

M, - M, *2L _ 0.3 25000mm 2 2mm
p' 3438’

All experimental measurements are listed in
Table 1.

The value of the angle of misalignment of the
running wheels was determined according to for-
mula (4).

According to the data in Table 1, the diffe-
rence between the values of the skew angles ¢ and
¢' is on average within 0.9'—1.5" at the permis-
sible error of the difference [9, 11]:

Ap 2.1

® don 217 T=i0.7l,

)

)

where A@ is the value of the permissible error of
the deviation of the travelling wheel of the over-
head crane, equal to 2.1'.

Thanks to the experimental studies given in Table 1,
the difference in the values of the misalignment angles
of the running wheels is almost two times greater than
the value of the permissible error. These results confirm
the use of a new rectangular laser beam fixation scale.
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Results

The authors proposed a method of measurement
and geodetic control of geometric parameters of
overhead and electric gantry cranes using the propo-
sed laser-mirror device.

Conclusions

The use of a laser-mirror system for controlling
the geometric parameters of the crane equipment
allows considering strict requirements. Thus, the
method proposed in the paper is one of the most
reliable and accurate when performing measure-

Installation of the “Laser beam — mirror”
system shall meet clear methodological requirements.
The research carried out by the authors shows that
the deviation from the correct installation of the
mirror in the vertical plane leads to an increase in
measurement errors.

The conducted research has shown that the
optimal distance between the scale and the mirror
should be within 12.5 m.

The introduction of a rectangular scale for fixing
the laser beam reflected from the mirror allows
establishing the accuracy of measurements within

ments. permissible values.

CyuacHi miaxoam 0 J0CTIIKEeHHS TOYHOCTI BH3HAYEHHS
BeJIMYMH Aedopmalil MpU reoie3n4HOMY MOHITOPHHIY
KPAHOBOI0 YCTATKYBAHHSA

K.A. MamoHoB', T.A. Hanunearko', T.T. Hanuneariko?, O.€. Nomopuesa’, C.M. Ko63aH'

! Xapkiecbkuli HayjoHanbHUll yHisepcumem micbkoeo eocriodapcmea imeHi O.M. Bekemosa, syn. Mapwana baxaHosa, 17,
61002, Xapkis, YkpaiHa

elenapomor7@gmail.com

2 XapkiscbKkul HayioHarbHUl ekoHomiqHull yHieepcumem imeHi C. KysHeus, np. Hayku, 9-A, 61166, Xapkie, YkpaiHa
tetyana.nalivayko@hneu.net

AHoTauis

MeToto nociimkeHHs, Marepiaayd SKOro BMKIIANEHO B LIl CTaTTi, € PO3KPUTTS CydyacHUX MiAXodiB OOpoThOU 3 me-
(opmallieto reoMETPUYHUX MapaMeTPiB Y KOHCTPYKILii MOCTOBUX €JEKTPUUHMX MidiiMalbHUX KpaHiB. Lle muTaHHS AOCUTH
aKTyaJlbHe B PO3pi3i AOTPUMAHHS TEeXHiIKM Oe3neku Ha BUPOOHUUTBI. s BUpillleHHS LbOTO MUTAHHS TPOMOHYETHCS
BUKOPUCTAHHSI BIOCKOHAJIEHOI METONMKMU TeONe3MYHOr0 MOHITOPUMHIY TF€OMETPUUYHMX TMapaMeTpiB KOHCTPYKIIii MOCTOBMX
i KO3JIOBUX €IEKTPUYHMX MidiiMaabHMX KpaHiB. I 1IbOrO0 BUKOPUCTOBYETHCS JIa3epHO-A3E€pKaJbHA CHCTEMa KOHTPOIIIO
TEOMETPUYHUX MapaMeTpiB, SIKa JO03BOJISIE BPaXOBYBaTU TOCUTh XXOPCTKi BuUMoru. Lleit Mmerom, sIK MpoaeMOHCTpyBaJU
eKCIepMMEeHTaIbHI N1aHi, € OOHUM i3 HaWOILIbII HamiMHUX i TOYHUX. By10o po3pobieHO I BUKOPUCTAHO YCTAHOBKY
cucremu “JlazepHuii MpoMiHb — J3epKajio”, sika Ma€ BilMNOBINATU YiTKUM METONMYHUM BUMOraM. BUKOHaHI MOCHTiKEHHS
JIEMOHCTPYIOTh, 1110 BiIXWJIEHHS Bill MpaBUJbHOI YCTAHOBKU A3epKalia Y BEPTUKAIbHIN TJIOIIMHI MPU3BOAUTD 10 30iIbIICHHS
MOXMOOK BUMIipIOBaHb. JlOCHTIIKeHHSI BUKOHYBAJMCS 3a IOIOMOTOIO JIa3epHOrO I3epKaJbHOro Tpuiady. BHacmimok
BUMKOHAHOIO JOCIIJIKEHHSI Ta KEPYIOUUCh PO3POOJIEHOI0 METOAMKOIO, OYyJI0 3alpONOHOBAHO MPSIMOKYTHY IKamy ikcarii
JlazepHOro mpomiHHg. Lle m03BOIMTH BCTAHOBUTM TOYHICTb BUMIPIOBaHb Y MeXaX MOMYCTUMUX 3HaueHb. Y HOCHTiIKEHHI
BUMKOHAHO aHaJli3 HasiBHUX AOMYCTUMUX BiIXUJIEHb T€OMETPUUHUX MapaMeTPiB KOHCTPYKIili MOCTOBUX MiAiiMalIbHUX KpaHiB
Ha TPOMMCIIOBUX IMiANMPUEMCTBAX. BU3HAu€HO HEMOJiKM CydyacHUMX HasIBHUX METOJIB 1 3alpONOHOBAHO HOBI Teofe3uyHi
YCTaTKyBaHHSI Ta METOIM 1X BMKOHaHHS. Byslo mpoBeneHO MOCTiIKeHHS TOYHOCTI 3alIPOEKTOBAHUX METOMIB, SIKi 3MOXYThb
3a0e3MeynTy ¥ MiABMILMTU TapaHTilo Oe3MeKu eKCIulyatailii MOCTOBUX MiAiiMalibHUX KpaHiB.

KimouoBi cioBa: MOCTOBMIA MigiliMaIbHUII KpaH; KO3JOBUM MiidMaJbHUI KpaH; Oe3reka 0allTOBOrO KpaHa;, METO-
KA BUMipIOBaHb, IeONe3UYHMI KOHTPOJIb, TEOMETPUYHI TapaMeTpH.
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