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EXPERIMENTAL STUDY ON AN OVERHEAD CRANE PASSING
A RAIL TRACK JOINT

Purpose. To confirm the theoretical conclusions that determining the load from the wheel impact with the joint of rails in the
metal structures of overhead cranes used in the technological processes at ore mining and processing mills and integrated works
and moving along the rail tracks requires that the dynamic magnification factor should take into account the trolley position.

Methodology. To assess the load to which the crane metal structures are exposed the electric strain measurement method using
direct bridge circuit was chosen. To calibrate the strain measurement system, the direct method was used, under which calibration
is performed directly on the structure on which experimental studies will be carried out in the future.

Findings. It was established that the dynamic magnification factor in the metal structure of the overhead crane had the follow-
ing values when passing the last rail joints: 1.54 (with the trolley in the middle of the bridge), 2.46 (with the trolley at 0.25 of the
crane span from the end beam), 3.33 (with the trolley in the extreme position). So, with the trolley being at a distance of 0.25 of
the crane span from the end beam, the dynamic magnification factor is 74 %, and with the trolley in the middle of the bridge, it is
46 % of the dynamic magnification factor if the trolley is in its extreme position.

Originality. The scientific novelty consists in the first experimental confirmation of the results obtained in the theoretical stud-
ies on the overhead crane passing the joints of the rail track with regard to the crane trolley position, which leads to changes in the
stiffness of the main beam in the interval between the trolley and the final beam.

Practical value. The results obtained enable calculations on the crane bridge metal structure during the design and repair of the
main and end beams taking into account the value of the dynamic magnification factor, which allows increasing the reliability and

durability of the crane metal structure as a whole.

Keywords: overhead crane, rail track joint, dynamic factor, oscillation in the overhead crane beams, impact blow

Introduction. The quality of most crane rails used at the
national enterprises is quite low, even critical in some cases.
This is primarily due to the service life of cranes, which ex-
ceeds the recommended value, as well as the cost of laying new
rail tracks. This is especially true for cranes operating in heavy
modes (for example, cranes operating at mining and process-
ing mills and integrated works).

The unsatisfactory condition of the rail tracks revealed
during the study conducted at many national enterprises brings
about significant shock loads that occur during the operation
of the crane movement mechanisms. Such shock loads not
only result in a significant reduction in the service life of the
crane running wheels, but also degrade the strength of the
crane metal structure. Shock loads are caused by such local
irregularities as potholes or deposit welding, but particularly
critical are rail joints. They most significantly affect the level of
shock loads and reduce the operating life of the wheels, rails
and metal structure of the crane. This is due to the contact
force and the shock pulse received by the running wheel from
the impact in the area of the wheel and rail, which creates an
elastic wave that affects the metal structure of the crane and
causes its elastic vibrations.

The crane running wheels passing the joint of the rails pro-
duces a severe shock resulting from the crane wheel colliding
with the countermoving ledge. Herewith, the vertical speed
component of the crane wheel in thousandths of a second in-
creases from zero to maximum values, which are impossible to
calculate based merely on the kinematics of the crane wheel
passing the joint of the rails. Moreover, the wheel passing the
joint of the rails in the opposite direction causes the crane
wheel to fall, which, first, makes the vertical speed component
increase from zero to some final value, and then instantly de-
crease to zero.

According to the overhead crane operation rules, mutual
displacement of ends of joined rails in plan and heightwise
cannot exceed 2 mm, and gaps in joints of rails cannot exceed
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6 mm. Numerous examinations of crane rails conducted by
the authors at various industrial enterprises (7urboatom JSC,
Svitlo Shakhtaria JSC, Ore-Mining and Processing Mill in In-
hulets, TEKhWAHONMASH Research and Production Com-
pany LLC) reveal that joints of rails are often in an unsatisfac-
tory condition: gaps as big as 20—30 mm occur and the differ-
ence in height can reach 5—10 mm; sometimes there are pot-
holes 10—12 mm deep and 30—40 mm long. The unsatisfactory
condition of the rail track finds confirmation in the works by
many authors.

Taking into account the actual values of shock loads dur-
ing design and operation of metal structures and mechanisms
of cranes, as well as crane tracks can significantly increase the
fail-safe and trouble-free service life of cranes.

Literature review. Many publications of well-known scien-
tists provide analysis of the influence of rail track joints on the
dynamic loads occurring during the movement of the crane
wheels. The authors who conducted such studies point out
that determining the dynamic shock loads of the cranes is a
rather difficult task and is not fully defined yet. Creation of
high technologies and development of new techniques require
the most accurate knowledge of short-term and rapidly chang-
ing processes accompanied by emergence of shock waves that
can be presented as compressional waves that can cause sig-
nificant deformation, changes in the crystal lattice and local
overheating of wheels and rails.

We will dwell on the latest works. The dynamic impact
stress caused by the movement of the crane wheels is quite big
and cannot be ignored in crane design [1—3].

Modern development of computer engineering makes en-
ables solving practical problems of dynamics on the basis of
more complex calculation schemes and corresponding math-
ematical models that more accurately simulate the work of
machines [4]. Particularly dynamic loads occur in the opera-
tion of mechanisms responsible for movement of the cargo
carts and the crane.

The work [5] presents dynamic models for mechanisms of
movement in wheel and rail wear due to misalignments on
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cranes. The authors determine linear vibrations of the model
that describes the cargo and trolley vibrations during the crane
movement and evaluate the friction force in the system. The
influence of load variability during the effect of the resistance
force during the crane movement is evaluated. The dynamic
loads in the metal structure of the crane are not considered in
the work.

The work [6] offers a definition of dynamic forces in the
crane elastic system when passing the joint of rails with the set
movement speed. This was solved using a two-mass system
taking into account only the bridge compliance. The following
assumptions were made: wheels, rails, rail supports, end beams
are absolutely rigid and the wheels are simultaneously meeting
with the joints. The article obtained the solution which allows
determining the dynamic forces that occur in the metal struc-
ture of the crane when the running wheel is passing the joint of
the rail taking into account the height of the joint and the geo-
metric parameters of the wheel.

The work [7] presents the impact of the rail track joint on
the dynamic loads that will occur in the crane beams during
the movement of the running wheels. The shock in the zone of
wheel-rail contact causes a contact force of elastic deforma-
tion of the wheel-rail system. The shock impulse expands as an
elastic deformation wave over the entire metal structure of the
crane. The article obtained the solutions that allow to deter-
mine the deflection of the crane rail and the dynamic factor
when the wheel passes the joint of the rails.

The work [8] proposes a multimass dynamic model that
takes into account the features and geometric parameters of
the crane bridge and the position of the truck. It is used to
study the dynamic forces and loads arising in the metal struc-
ture of the crane bridge and the lifting mechanism when the
crane wheel passes the rail joint. However, the model does not
account for rigidity of the crane route. The model diagram is
presented in Fig. 1.

Using a dynamic model, as a result of theoretical studies
and a numerical experiment to determine the shock loads dur-
ing the movement of the overhead crane along the rail track,
the following data were obtained: the dynamic factor for the
position of the trolley in the middle of the run is 1.525, for the
position of the trolley at a quarter of a run is 2.425, and for the
extreme position of the trolley — 3.29 [8].

The movement of cranes and the forces arising in the hor-
izontal plane from the irregularities of the rail tracks were
studied in the works [9, 10].

Unsolved aspects of the problem. The previously obtained
results of theoretical studies do not take into account all the
peculiarities of the overhead crane movement over the joint of
the rail track because during the dynamic model construc-
tion, some assumptions were introduced to simplify the cal-
culation. Therefore, to determine the adequacy of the dynam-
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Fig. 1. Multimass dynamic model of the overhead crane

ic model of the overhead crane, a task arose to conduct ex-
perimental studies.

The purpose of the work is to determine the dynamic factor
in the crane end beams when it passes joints and irregularities
of the crane rail track using a full-scale experiment.

Results. Although the full-scale experiment is associated
with certain difficulties, after analyzing some methods of ex-
perimental research [9], it was decided to perform an experi-
ment on a full-scale overhead crane.

Experimental studies were performed on an overhead two-
beam crane with the capacity of 10 tons, with the run of 17.5 m
(Fig. 2). This crane is operated in mechanical workshop No. 2
at Kharkiv Machine-Building Plant “Svitlo shakhtaria”. To
provide an estimate of the loads suffered by the metal structure
of the crane, the electric strain measurement method was cho-
sen using a direct bridge circuit (Fig. 3). To increase the sensi-
tivity, two paper strain gages with al50 mm base and 150 Ohm
resistance were installed in the bridge circuit.

The bridge circuit was powered by a 10 V DC power supply
unit. An amplifier with a constant gain of 100 was used to am-
plify the bridge signal. Afterwards, the signal was recorded di-
rectly through the ADC of the computer sound card using
Power Graph 2.1. The layout of strain gauges on the end beam
of the overhead crane is shown in Figs. 4 and 5. This chart
makes it was possible to measure the bending moment in A—A
section, where the strain gauges were attached. Moreover,
knowing the geometric parameters of the beam cross-section
enables estimation of the reaction force on the wheel support.

The bending moment in AA cross-section, based on the
experimental diagram, can be calculated by the following for-
mula

My_y=Fr-1, (D

where Fyis the reaction force on the wheel support; /= 0.45 m
is the distance between the line of the force effect and the

cross-section where the bending moment M,_, is measured
(Fig. 4).
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Fig. 2. Crane cabin with a sign plate
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Fig. 3. Strain gauge connection circuit
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Fig. 5. Installation of strain gauges on the crane end beam

Therefore, knowing Fj, it is possible to determine the
bending moment in AA section. The Fj value is easy to find
from the calculation diagram of the crane and determined
support reactions.

The direct method was used to calibrate the strain gauge sys-
tem, which means performing calibration directly on the struc-
ture where experimental studies will take place in the future.
One of the most important conditions for such calibration is the
condition of availability of data that will be recorded during ex-
perimental studies. In this case, for calibration purposes, the
values of the bending moment and the force on the crane bridge
support can be calculated with a high degree of accuracy. When
calibrating the strain gauge system, the crane trolley was in-
stalled in the center of the crane run, so, the reaction forces on
the supports are distributed evenly. Based on the calculation dia-
gram (Fig. 6), they can be determined by the following formula

P+ P
4
where Fg, Fry, Fgs, Fgq are reactions of crane bridge supports
which will equal each other only in case of the trolley installa-

tion in the middle of the crane run; P,,, P,, are forces from the
weight of the crane and cargo, respectively.

FR1=FR2=FR3=FR4= s ()

FR3 FRZ
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Fig. 6. Calculation diagram for the overhead crane for strain
gauge calibration

The total weight of the crane is 12.4 tons. The strain gauge
calibration was carried out with cargos of 3, 4, 5.5 and 6.5 tons.
The calibration data are shown in Table 1. Graphs of calibra-
tion values registration are shown in Fig. 7.

The dependency ratio between electric voltage U and
bending moment M,_, in the cross-section of the end beam,
where the sensors are installed (Fig. 6), is calculated by the
formula

K, =—4A4 3)

The dependency ratio between the reaction force on the
support and the voltage of the strain gauge is determined by
the equations (1) and (2) as follows

K
Kp==t 4)
The average ratios obtained through calibration, equal re-
kN- kN
spectively  K,, =13.24 Tm; Kp=29423 7. After-

wards, they were used to analyze the results obtained during
the crane movement along the rail track.

Measurements were recorded after the crane passes the rail
joint (Fig. 8). The gap between the rails was 6.3 mm, and the
difference in the levels was 3.1 mm. The strain gauge voltages
were registered when the crane wheel hit the outstanding rail
(Fig. 10).

Table 1
Main data during strain gauge calibration
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Fig. 7. Graphs of registration of strain gauge calibration values:
a—load Q=3t; b—load Q= 4t; ¢ — load Q= 5.5t; d — load Q= 6.5t
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Fig. 8. Rail joint passing which is recorded

The crane was loaded with a 10 ton cargo. To increase the
rigidity of the cargo suspension, it was raised to the maximum
height so that the total length of the hoist was 2 m. During the
measurements, the position of the trolley was changed. In the
first case, the trolley was installed in the middle of the crane
run (Fig. 9). In the second case, the trolley was installed at a
quarter of a crane run from the end beam with the strain gauge
installed (Fig. 10). In the third case, the trolley was installed in
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Fig. 9. Diagram of change in efforts with the trolley position in
the middle of the run at 8.5 m from the end beam
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Fig. 11. Diagram of change in efforts with the trolley position at
1.7 m from the end beam

its extreme position at 1.7 m from the crane end beam (Fig. 11).
Figs. 9—11 show the processed diagrams, the specified time in
seconds and the efforts in kilonewtons.

The static load experienced by the crane end beam was
measured in all the three cases. Taking into account the pro-
portion factor, the following data were obtained

Fry=5.621-10* N — for case 1;

Fr,=6.863 - 10* N — for case 2;

Fpy=7.686 - 10* N — for case 3.

When analyzing the diagrams of change in the force on the
crane support, the maximum dynamic force was calculated for
each position of the trolley.

They constituted

Fpy max = 8.652 - 10* N — for case 1;

Fromax = 1.381 - 10° N — for case 2;

Fpymax = 1.873 - 103 N — for case 3.

Accordingly, the dynamic factors calculated as ratios be-
tween the maximum dynamic force and the static one were as
follows

K, =1.54 — for case 1;

K, =2.46 — for case 2;

K, =2.46 — for case 3.

Fig. 9. Diagram of change in efforts with the trolley posi-
tion in the middle of the run at 8.5 m from the end beam

Conclusions.

1. As a result of the experiment, the dynamic factor on the
end beam of the overhead crane was determined during its
passing of the rail joint, and the data of theoretical studies were
confirmed, which proves the equivalence of the dynamic mod-
el built.

2. The experimental data confirm the theoretical conclu-
sions that determining the load in the crane metal structures
from the impact of the wheels on the joint of the rails requires
a dynamic factor taking into account the trolley position. If the
trolley position cannot be determined due to varied crane
movements in the production cycle, the maximum dynamic
factor should be taken.

3. The experiment results established that the dynamic
factor acquired the following values: 1.54 (when the trolley was
in the middle of the bridge), 2.46 (when the trolley was at a
distance of 0.25 of the crane run from the end beam), and 3.33
(when the trolley was in its extreme position), i.e. the trolley
position at a distance of 0.25 of the crane run from the end
beam corresponded to the dynamic factor of 74 %, and when
the trolley position was in the middle of the bridge — 46 % of
the dynamic factor in case of the trolley being in its extreme
position. The obtained data will enable more precise calcula-
tion of the crane bridge metal structure during its design, as
well as during the repairs of the main and end beams.

4. Analysis of the experimental data showed that the dy-
namic shock is short-lived and vibration damping in the crane
beams is complete within 2 seconds.
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ExcniepumMeHTaNIbHI JOCJIIIZKEHHS PyXy
MOCTOBOI0 KpaHa 4epe3 CTHK PeHKOBOI KOJii
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Merta. [linTBepIKeHHSI TEOPETUYHUX BUCHOBKIB IPO TE,
110 TIPY BU3HAYEHHiI HAaBaHTaXXEHHSI Bill ylapy KOJic O CTUK
peiioK y MeTaJIOKOHCTPYKILii MOCTOBUX KPaHiB, sIKi BAKOPUC-
TOBYIOTbCSI B TEXHOJIOTIYHUX IIpollecax TipHUYO-30arady-
BaJIbHUX (haOpUK i KOMOiIHATIB Ta MepPeCcyBalOThCsSl PeMKOBU-
MM KOJIISIMUA, HEOOXimHO MpUiMaTh KOedillieHT IMHAMid-
HOCTI 3 ypaxyBaHHSIM MOJIOKEHHSI Bi3Ka.

Metonuka. 151 HagaHHS OLIIHKKM HaBaHTaXXEHHSIM, 1110
3a3HAa€ METAJIOKOHCTPYKLisl KpaHa, OyJo BUOpaHO METO[
€JIeKTPO-TEH30MEeTPYBaHHS 3 BUKOPUCTAHHSIM TIPSIMOI MOC-
TOBOI cxeMu. [IJ1s1 TapyBaHHSI TEH30METPUUYHOI CUCTeMU OyB
BUKOPUCTAHWI TIPSIMUIT METOJ, 32 TKOTO TapyBaHHS BUKOHY-
€TbCsl 6e3mocepeIHbO Ha KOHCTPYKIIii, Ha SIKiil y MoaaJIblIo-
My OyayTh BiIOYBaTUCh €KCIIepUMEHTaIbHI H1OCTiIXKEHHSI.

Pesyabratu. Byso BcTaHOB/IEHO, 1110 AMHAMiIYHUI Koedi-
LIEHT y METATOKOHCTPYKIIii MOCTOBOTO KpaHa MpPU MPOXO-
JKEeHHI OCTaHHIM peKOBUX CTUKiB Ha0yBa€ TaKMX 3HAUYEHb:
1,54 (mpu 3HAXOMKEHHI Bi3Ka mocepeauHi Mocty); 2,46 (ripu
3HaXOKEHHi Bi3Ka Ha BifcTaHi 0,25 mporoHy KpaHa Bill KiH-
neBoi Oanku); 3,33 (IIpu 3HAXOMKEHHI Bi3Ka y KpailHbOMY
noyioxkeHHi). ToOTo, mpu 3HAXOMXKEHHi Bi3Ka Ha BincTaHi
0,25 mporoHy KpaHa Bi/I KiHIIeBOi 0alKu, TMHAMIYHUI Koe-
diuienT ckianae 74 %, a mpyu 3HaXOIKEHHI Bi3Ka ITocepeanHi
Mocty — 46 % Bin KoedillieHTy AMHAMIYHOCTI B pa3i 3Haxo-
TDKeHHST Bi3Ka y CBOEMY KpaifHbOMY TTOJIOKESHH.

HaykoBa HoBu3Ha. [lossirae B ToMy, 110 BIieplie Oyau
eKCIIepUMEHTATbHO TINTBEPIDKEHI pe3yabTaTh, OTpUMaHi
TPY TEOPETUIHUX TOCTIIKEHHSIX PyXy MOCTOBOTO KpaHa ye-
pe3 CTUKM PeiKOBOI KOJil 3 ypaxyBaHHSIM MOJOXEHHS Bi3Ka
KpaHa, 1110 MPU3BOIUTH 10 3MiHU KOPCTKOCTI FOJIOBHOI OaJi-
KU Ha IJISHI Bill Bi3Ka 10 KiHLIEBOI OaiKu.

IMpakTnyna 3naunmicTb. OTpUMaHi pe3yabTaTh HalaloTh
MOXJIUBICTh BUKOHYBATU PO3PAXyHKU METATIOKOHCTPYKITil

MOCTY KpaHa IpU MPOEKTYBaHHI i pEMOHTI TOJIOBHMX i KiH-
1IeBUX 0aJIOK 3 ypaxyBaHHSIM 3HAYeHHS KoedillieHTy TuHa-
MIiYHOCTI, 110 J03BOJISIE TMIABUIIATA HAAIAHICTD i JTOBroBiu-
HICTb METAJTOKOHCTPYKIIii KpaHa B LILJIOMY.

KiouoBi ciioBa: mocmosuii kpamn, cmuk peiikogoi Koaii, Ko-
eqbiyicum JuHamiyHoCcmi, KOAUBAHHS 8 0ANKAX MOCMO0B020 KPAa-
Ha, QuHamiuKull yoap

SKCHepI/lMeHTaJIbeIe HUCCICI0BAHUA NBM2KCHUA
MOCTOBOIo KpaHa 4epe3 CTbhIK peJibCOBOIo
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ens. [ToaTBepkneHNE TEOPETUIECKUX BBIBOIOB O TOM,
YTO MPU OMpelNeJeHUU Harpy3ok OT ydaapa KoJiec O CThIK
pPEeTbCOB B METAINIOKOHCTPYKIIUM MOCTOBBIX KPaHOB, WC-
MOJIb3YIOIIMXCSI B TEXHOJOTMYECKMX Mpolleccax TOpHO-
oboratutesibHbIX (PadpuK U KOMOMHATOB U MEpedBUTa0-
LIMUXCSI TIO0 PEJbCOBBIM IyTSIM, HEOOXOIMMO TMPUHUMATh
KOG PUIIMEHT TUMHAMUYHOCTU C YYETOM IOJIOKCHUS Te-
JIEKKU.

Metomuka. [I71s1 OlIeHKM Harpy30K, KOTOPble BOCTIPUHU-
MaeT METaJUIOKOHCTPYKIIMSI KpaHa, ObLI BbIOpaH METOM
3JICKTPOTEH30METPUPOBAHMSI C HCIOJb30BAaHUEM TIPSIMOIA
MOCTOBOI1 cXeMbl. [IJ1s1 TapupoBaHUsI TEH30METPUYECKOM CU-
CTeMBI OBbLIT MCITOJIb30BaH MPSMOIl METOI, TTPU KOTOPOM Ta-
PUPOBAaHUE BBIMOJHSIETCS HEMOCPEICTBEHHO Ha KOHCTPYK-
1IN, Ha KOTOPOIA B TaJIbHEHIIIeM OyIyT TPOBOIUTHCS SKCTIC-
PUMEHTAJIbHBIC UCCIIENOBAHMSI.

Pesyabratel. BelIo ycTaHOBIEHO, YTO AMHAMWYCCKUIA
KO3(DGOUIMEHT B METaLIOKOHCTPYKIIMM MOCTOBOTO KpaHa
MIPU TIPOXOXKACHUM TTOCIETHUM PEJIbCOBBIX CTHIKOB TTPUHM-
MaeT Takue 3HaueHus: 1,54 (mpu HaXOXIEHUM TEeJIEeXKKU T0-
cpenuHe MocTa); 2,46 (IIpy HaXOXIEHWH TEJIEXKU Ha pac-
crosguuun 0,25 mpojera KpaHa OT KOHILeBoi Oanku); 3,33
(TIpy HAXOXXICHUM TEJIEKKW B KpallHeM TojoxkeHnu). To
€CTh, NPU HAXOXIECHUM TeJIeXKKH Ha pacctossHuun 0,25 mpo-
JIleTa KpaHa OT KOHIIEBOM OalKu, TMHAMMYECKUl Ko3hhu-
LIMEHT cocTaBisieT 74 %, a Mpy HaXOXKICHUH TEJIEKKH MOCpe-
nuHe Mocta — 46 % ot koaddulreHTa IMHAMUYHOCTA B
ciTydae HaXOXKIEHUSI TeJIEXKKHU B CBOEM KpaifHEeM ITOJIOKECHUU.

Hayunasa nosu3na. CocTOUT B TOM, YTO BIIEPBBIE SKCIIC-
PYMEHTAJIBHO ITONTBEPKIEHBI Pe3yJIbTaThl, TOJYyIeHHBIE ITPU
TEOPETUUYECKUX UCCIICAOBAHUSIX IBUXKEHUSI MOCTOBOTO KpaHa
Yyepe3 CTBIKU PETbCOBOTO IyTH C YUYETOM TTOJIOKEHUS TeJIeXk-
K1 KpaHa, YTO MPUBOIUT K U3MEHEHMIO XKECTKOCTH TJIaBHOM
GaJTKi Ha YJ9acTKe OT TeJIEKKH JI0 KOHIIEBOI OaJIKu.

IIpakTiyeckas 3HaumMocTb. [lojyyeHHBIE pe3yabTaThl
JAIOT BOBMOXKHOCTD BBITIOJTHSATH PACYETHI METAJNIOKOHCTPYK-
LIMY MOCTa KpaHa MpU MPOEKTUPOBAHUM U PEMOHTE TJIaBHBIX
1 KOHIIEBBIX 0AJIOK C YYeTOM 3Ha4eHUsT KoahduiineHrta am-
HAMUYHOCTH, YTO MO3BOJISIET MTOBBICUTH HaEXKHOCTh U 10JI-
TOBEYHOCTh METAIUIOKOHCTPYKIINY KpaHa B IIEJIOM.

Kirouesble ci1oBa: Mocmogoii kpaw, cmoik peabcosoeo nymu,
Ko3(p@uuuenm ouHamuuHocmu, Koaebanus 6 6aiKax Mocmoeo-
20 Kpaua, QUHamMu4eckuil yoap
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