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JHinpoBchKuii nep:kaBHUN TEXHIYHUN yHiBepcuTeT, Kam’ssHCbKe

EXPERIMENTAL STUDIES OF LOADING MODES OF THE PORTAL
MACHINE'S CARRIER SYSTEM ON PNEUMATIC WHEELS

The article presents the results of experimental studies of stresses in the load-bearing elements
of a portal lifting and transport machine on pneumatic wheels.

The loading of the power elements of the portal supporting system was carried out in three
characteristic modes: movement along the irregularities of the horizontal section of the factory road
(design case for the frame spars); oblique impact on a high curb (design case for the frame crossbars
and the supporting system uprights in the transverse vertical plane; frontal impact on a 200 mm high
curb with one wheel at a speed of 5 km/h (design case for the frame against folding in its plane and for
the supporting system uprights in the longitudinal vertical plane).

The results of the experiments confirmed the adequacy of the mathematical model developed
in previous works and are within the limits of statistical error.

Keywords: load-bearing system, frame, power element, load modes.

Y cmammi nasedeno pezyiomamu eKcnepuMenmaibHUX 0OCHIONCEHb HANpY2 V HeCyyux eie-
MEHMAX NOPMANbHOI NIOUOMHO-MPAHCHOPMHOT MAWUHYU HA NHEBMAMUYHUX KOecax.

Hasanmaoicenns cunosux enemenmis nopmanvHoi Hecyuoi cucmemu 30IUCHIOBANOCS HA MPbOX Xa-
PAKMEPHUX DEHCUMAX. PYCi O HEPIBHOCHAX 20pU3OHMANbHOL OLIAHKU 00po2u 3a600) (PO3PAXYHKOGULL
BUNAOOK Ol IOHNHCEPOHIB PAMUL), KOCOMY HAI30I Ha 8UCOKULL ODOPOOP (PO3PAXYHKOBUL BUNAVOK O/ None-
peuun pamu i Cmitiok Hecydoi cucmemu 6 NONEPeyHill 6ePMUKANbHIN NIOWUHI, (OPOHMATLHOMY HAI30i Ha
oopowp 3assuwiku 200 MM OOHUM KOECOM i3 WBUOKICIIO 5 KM/200 (po3paxyHKouli 6UNadox O pamu
NPOMU CKIAOAHHS 8 C80ill NIOWUHI T 0151 CIELUKU HeCYuoi cucmemu 8 NO3008ICHIU 6ePMUKATbHIL NAOUJUHI).

Pesynomamu excnepumenmis niomeepounu adekeamuicms po3poobienoi y nonepeonix pobo-
Max MamemamuyHoi Mooeni i 3Hax00AMbCs 8 MeICax CmamucmuyHol NOXUOKU.

Knwuogi cnosa: necyua cucmema, pama, CULOSULL e1eMENN, PENCUMU HABAHMAICCHHS.

Problem’s Formulation

Since some parameters of the developed mathematical model can be determined only experi-
mentally, the task of experimental research of a prototype of a lifting and transporting portal machine
on pneumatic wheels was set.

As a prototype of a lifting and transporting portal machine on pneumatic wheels, a portal car
with a carrying capacity of 30 tons from the company VALMET (Finland) was used in the experi-
mental research. The experiments were carried out in the conditions of PrJSC "KAMET-STAL" on a
number of technological roads.
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Analysis of recent research and publications

In works [1—3], the results of scientific studies of the loading of the elements of the supporting
system of a gantry machine are presented, which take into account vibrations only in the longitudinal
plane when overcoming obstacles head-on, but do not take into account its vibrations in the transverse
plane when it overcomes obstacles. In studies [4, 5], theoretical relationships between the geometric
parameters of the supporting systems and stresses caused by dynamic loads during the movement of the
gantry machine were obtained, but in these works the coefficient of transverse structural rigidity was
not taken into account when calculating the loads on the elements of the supporting system.

In works [6, 7], when obtaining the results of experimental studies of the loads on the frame
elements during the disturbed movement of the gantry machine, all possible types of road obstacles
were not taken into account in the complex.

Formulation of the study purpose

In the developed mathematical model, calculated loads on the spars in the longitudinal vertical
plane, on the cross members in the transverse vertical plane, and dynamic loads directed at the frame
assembly in its plane were obtained. Therefore, the purpose of experimental research was to verify the
adequacy of the mathematical model and calculation schemes to the actual loading modes of the ma-
chine during its operation.

Presenting main material

As a method of experimental research of the stress-strain state of power elements of structures,
in particular, tests for the strength of structures, the electro-strain method was adopted. Strain gauge
equipment when studying the load regimes of the supporting systems of these machines in road condi-
tions of technological lines is in difficult conditions of vibration, shaking. At the same time, serious
requirements are imposed on the equipment, in particular: vibration isolation and vibration resistance,
when the reliability and operability of the equipment must be maintained up to fifteen-fold overload;
power supply of all devices must be carried out from current sources located on board the machine
under study; the layout and installation of strain gauge equipment must be simple and accessible to
ensure its installation with minimal time costs. Regarding the lifting and transporting portal machine,
the operator's seat must be reliably protected from the standpoint of safety; Regarding metallurgical
portal machines used in areas with heated metal, the equipment must maintain its metrological charac-
teristics at temperatures up to +60 €C. The current consumed by the equipment must not exceed SA.

Standard strain gauge equipment was used to conduct the experimental study, which meets the
above requirements. This equipment allows recording processes in the frequency range from 0 to
500 Hz.

The loading of the power elements of the portal supporting system was carried out in three
characteristic modes: 1) movement along the irregularities of the horizontal section of the plant road
(calculated case for frame spars); 2) oblique impact on a high curb (design case for the frame cross
members and the support system uprights in the transverse vertical plane; 3) frontal impact on a 200
mm high curb with one wheel at a speed of 5 km/h (design case for the frame against folding in its
plane and for the support system uprights in the longitudinal vertical plane).

Fig. 1 shows a diagram of the portal support system, indicating the places where the strain
gauges were installed. Strain gauges 1, 2 were installed on the upper shelf of the spar and recorded the
pure bending stresses in the longitudinal vertical plane in the first loading mode. Strain gauges 3, 4
were installed on the upper shelf of the crossbar and recorded the bending stresses in the transverse
vertical plane in the second loading mode. Strain gauges 5, 6 were installed in the root sections of the
uprights and recorded the bending stresses in the transverse vertical plane in the second loading mode.

Strain gauge 7 was installed in the root section of the upright that ran into the curb and record-
ed the bending stresses in the longitudinal vertical plane in the third loading mode. Strain gauge 8 was
installed in the root section of the cross member, attached to the front wall of the cross member and
recorded the bending stress in the plane of the frame at the third loading mode. Strain gauge 9 was
installed in the root section of the spar, attached to the outer wall of the spar and recorded the bending
stress in the plane of the frame at the third loading mode.

In the first loading mode, the stress recording took place on a characteristic horizontal section of the
plant road with a length of 50 m, on which scrap was transported. The experiment was repeated three times.
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Fig. 1. Strain gauge installation diagram: 1 — wheel; 2 — spar; 3 — strut; 4 — cross member

In the second mode, the load was simulated through a 200 mm high road curb. The nominally load-
ed gantry machine approached the curb at an angle of up to 5e. The experiment was repeated three times.

In the third loading mode, the stress recording took place when the left front wheel hit a
200 mm high curb at a speed of vy = 1 m/s. During the experiment in the third loading mode, the speed
of the machine was also recorded. Since in the low-speed zone the standard speedometer does not
provide the required accuracy of readings, a magnetoelectric speed sensor was developed and manu-
factured, which was installed on the front right wheel of the gantry machine.

The experimental study of the loading of the gantry bearing system was carried out in accord-
ance with the above program and methodology. Oscillograms of stresses at points 1 and 2 of the spar
(Fig. 1) are presented in Fig. 2, where the following notations are adopted: o is the static stress in the
cross-section of the installation of the i-th strain gauge; o is the dynamic stress in the cross-section of
the installation of the i-th strain gauge. The dynamic coefficient is determined from the relations
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Fig. 2. Oscillograms of stresses in the spar at the first loading mode
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where P, — dynamic loads, MPa; P, — static loads, MPa.
The adequacy of the mathematical model is assessed using the formula

Ky
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where 6 — adequacy indicator; Ky — theoretical dynamic coefficient; K, — experimental dynamic

coefficient.

When determining the theoretical dynamic coefficient Ky, the dynamic load value P, is calcu-
lated according to the expression [8], and the static load Ps is taken from the characteristic oscillo-
grams of the static load stresses of the portal machine.

Experimental dynamic coefficients, some system parameters, and an assessment of the ade-
quacy of the mathematical model are summarized in Tabl. 1.

Table 1. Assessment of the adequacy of the mathematical model at the first load mode

H Ui O-C! G@y PSy Pt)y é:
point |+ s MPa MPa kN KN Ko Ko %
1 5,56 26,25 39,6 75 120 1,51 1,6 5,6
2 5,56 26,25 40,4 75 120 1,54 1,6 3,7

Fig. 3 presents characteristic oscillograms of stresses in the struts and crossbar of the support-
ing system in the second loading mode. The stress values averaged over three dimensions, as well as
the assessment of the adequacy of the mathematical model, are summarized in Tabl. 2.

Table 2. Assessment of the adequacy of the mathematical model in the second load mode

point Pz, KN or, MIla o., MIla S, %
3 120,6 112,8 6,4
4 72,0 120,6 111,9 7,0
5 100,3 94,1 6,1
6 100,3 95,2 50
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Fig. 3. Oscillograms of stresses in the uprights and crossbar in the second loading mode

The adequacy indicator is calculated using the formula
Or(i) — Oefi
o= T10) Z7e() -100% , (3)
(i)
where ori — theoretical value of stress at the i-th point, MPa; o.i — experimental value of stress at

the i-th point, MPa.
Fig. 4 shows the oscillograms of stresses in the strut that receives the impact when hitting the

curb, as well as in the spar and cross member of the frame in the third loading mode. The stress values
averaged over three dimensions, as well as the assessment of the adequacy of the mathematical model,

are summarized in Tabl. 3.
Table 3. Assessment of the adequacy of the mathematical model for the third load mode

point o, M/s P,, kKN or, MPa o., MPa o, %
7 166,4 1541 7,0
8 1,0 191,0 79,2 74,4 6,0
9 47,7 45,8 3,9
‘ S
o T
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Fig. 4. Oscillograms of stresses in the strut, cross member and spar at the third loading mode
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Frontal impact of one wheel of a portal machine on a high curb is likely during maneuvers re-
lated to loading and unloading of pallets or containers. The maneuvering speed in this case depends on
a number of objective and subjective factors. Therefore, the test was carried out by three portal ma-
chine drivers at the beginning and end of the shift and three runs were performed (eighteen in total).

Experimental study of maneuvering speed was performed in accordance with the above pro-
gram and methodology.

Based on the processing of experimental data on measurements of the maneuvering speed of portal
machines, v = 1 m/s can be recommended as its calculated value during frontal impact on the curb.

The values of the theoretical bending stresses of the strut in the longitudinal vertical plane, the
theoretical bending stresses of the cross member in the frame plane and the theoretical bending stress-
es of the spars were determined under the corresponding loading conditions of these elements during
bending [9, 10]. The dynamic loads on the cross member and struts of the supporting system during
the frontal impact of the portal machine on the curb and the calculated bending moments for the spars
were determined in advance [8].

The values of the bending stresses of the strut, cross member and spars were obtained during
the experimental study of the portal car of the VALMET company (Finland). In eighteen runs, the
speed of the car varied at the moment of the frontal impact of one wheel on the curb from 0.75 m/s to
0.95 m/s.

The stresses at point 1 and point 2 of the spars (Fig. 1) in the first loading mode (Fig. 2) indi-
cate that the maximum vertical loads on the supporting structure are realized during oscillations in the
longitudinal plane, which confirms the correctness of the analytical expression [8] for calculating the
vertical load. This phenomenon is explained by the layout of the portal machine, which has a large
construction height, when the driver primarily parries oscillations, which at a high height of the cabin
cause significant linear displacements in the longitudinal plane.

Conclusions

Experimental study of the lifting and transport portal machine confirmed the adequacy of the
developed mathematical model [8] of the formation of external loads, the adopted calculation scheme
of the supporting system. The discrepancy between the theoretical and experimental values of the pro-
filing loads for the first calculation case does not exceed 5,6 %, for the second and third — 7 %, the
obtained experimental values are less than the theoretical ones. This ratio is acceptable, since it is a
margin of safety and reliability of the supporting systems of the portal machine as a whole.

References

[1] Zhyhulin O.A., Makhmudov I.I., Zhyhulina N.O. (2020). Pidiomno-transportni mashyny:
Navchalnyi posibnyk. [Upload- Transportation Machines: textbook]. Nizhyn. [in Ukrainian].

[2] Livinskyi O.M. (2016). Pidiomno-transportni ta vantazhno-rozvantazhuvalni mashyny: pidruch-
nyk. [Lifting and transport and loading and unloading machines: textbook]. Kyiv: «MP Lesiay.
[in Ukrainian].

[3] Bondariev V.S., Dubynets O.l., Kolisnyk M.P. (2009). Pidiomno-transportni mashyny: Roz-
rakhunky pidiimalnykh i transportuvalnykh mashyn: Pidruchnyk [ Lifting and transporting ma-
chines: Calculations of lifting and transporting machines: textbook]. Kyiv: Vyshcha shkola. [in
Ukrainian].

[4] Beihul O.A. (2017). Osnovy proektuvannia ta rozrakhunky na mitsnist metalurhiinykh platform:
monohrafiia. [Basics of designing and calculations on the strength of metallurgical platforms:
textbook]. Kyiv. [in Ukrainian].

[5] Ivanchenko F.K. (2008). Pidiomno-transportni mashyny: Navchalnyi posibnyk [Lifting and
transport machines: textbook]. Kyiv: Vyshcha shkola. [in Ukrainian].

[6] Loveikin V.S., Romasevych Yu.O., Kulpin R.A. (2018). Dynamika y optymizatsiia mashyn:
monohrafiia. [Dynamics and optimization of machines: textbook]. Kyiv: TsP «Komprynt». [in
Ukrainian].



Tay3eBe MammHOOY Ty BaHHS 67

[7] Loveikin V.S., Romasevych Yu.O. (2012). Analiz ta syntez rezhymiv rukhu mekhanizmiv vanta-
zhopidiomnykh mashyn: monohrafiia. [Analysis and synthesis of modes of movement of mecha-
nisms of lifting machines: textbook]. Kyiv: Komprint. [in Ukrainian].

[8] Beihul O.0., Shmatko D.Z., Korobochka O.M., Lepetova H.L. (2007). Tekhnolohichni i kon-
struktyvni parametry nesuchykh system portalnykh pidiomno-transportnykh mashyn: monohrafi-
ia. [Technological and structural parameters of the supporting systems of gantry lifting and
transport machines: textbook]. Dniprodzerzhynsk. [in Ukrainian].

[9] Hubskyi S.O. (2014). Doslidzhennia napruzheno-deformovanoho stanu metalokonstruktsii mos-
tovykh kraniv z riznymy konstruktsiiamy mekhanizmu peresuvannia. [Study of the stress-strain
state of metal structures of bridge cranes with mechanical structures of the movement mecha-
nism]. Visnyk NTU “KhPI”: zbirnyk naukovykh prats. Seriia: Tekhnolohii v mashynobuduvanni.
Vol. 42. (1085). 65-74. [in Ukrainian].

[10] Hryhorov O.V., Okun A.O. (2017). Udoskonalennia matematychnoi modeli rukhu dlia zadachi
keruvannia pidiomno-transportnymy mashynamy. [Improvement of the mathematical model of
movement for the problem of control of lifting and transport machines]. Avtomobilnyi transport.
Vol. 40. 120-124. [in Ukrainian].

EKCIIEPUMEHTAJIBHI JOCJIIIKEHHA PEXKUMIB HABAHTAKEHHSA
HECYY0I CUCTEMHU ITOPTAJIbBHOI MAIIIMHA HA ITHEBMATHYHUX
KOJIECAX

Pedepar

Jeski mapaMeTpu po3po0iieHoi y monepeIHiX TEOPETHUHUX JAOCIiKEHHIX MaTeMaTHIHOI MO-
JIelli MOYKHA BU3HAYUTHU TUIBKH €KCIIEPUMEHTAILHUM IUIIXOM, OyJia OCTaBlieHa 3a/la4ya eKCIIepUMEH-
TaJIBHOTO JTOCTIJKEHHS! NPOTOTHUITY MigHOMHO-TPAHCHIOPTHOI HOPTAJIbHOI MAllMHU Ha ITHEBMOKOJiC-
HOMY XOJi. MeTor0 eKCriepuMeHTAIbHUX JTOCIIKEHB € TIepeBipKa aeKBaTHOCTI MAaTEMaTHYHOI MOJIe-
711 1 pO3paxyHKOBHX CXEM JIMCHUM PeXHMaM HaBaHTAKEHHS TIOPTAILHOI MAIIUHU TPH 11 pOOOTI.

SIx mpoToTHN MiAHOMHO-TPAHCIIOPTHOI MOPTAIBHOI MAIIMHA HAa ITHEBMOKOJICHOMY XOZ1 MpH
MIPOBEJICHHI eKCIIEPUMEHTALHOTO JOCIIKEHHS OYB 3aisIHIIA OPTATbHII aBTOMOO1TE BAHTAXKOTTI -
HiomuicTio 30 Ton dipmu VALMET. Ekcniepumentu npoBeneHi B ymoBax [IpAT «kKAMET-CTAJIb»
Ha sl BHYTPIIIHBO3aBOJICHKUX MUISIXIB.

HaBaHTakeHHSI CHJIOBHUX €JIEMEHTIB MOPTaJIbHOT HECY4Ol CHCTEMH 3A1MCHIOBAIOCA HA TPHOX
XapaKTepHUX PEKUMAaX: PyCi [0 HEPIBHOCTSIX FOPU30HTAIBHOI AUITHKU JOPOTH 3aBOAY (PO3paxyHKO-
BUW BUIAJIOK JIJIS JIOHXKEPOHIB paMK); KOCOMY Hai3/ll Ha BUCOKHI OOpatop (po3paxyHKOBHUI BUIAOK
JUTSI TIOTIEPEYUH PaMU 1 CTIHOK HECydJoi CUCTEMH B TIONEPEYHil BEPTUKAIBHIHN TUIONIHHI; (PPOHTAIBHO-
My Hai3al Ha Oopmrop 3aBBUIIKK 200 MM OJHHM KOJIECOM i3 MIBHIKICTIO 5 KM/ToX (po3paxyHKOBHUI
BUIAJ0K JJIs paMU MPOTH CKJIAJaHHSA B CBOIH IUIOIIMHI 1 /IS CTIMKK HECYYOi CHCTEMHU B MO30BXKHIN
BEPTHUKAJIbHIN TUTONIUHI).

ExcnepumenTanbHe AOCIHIIKEHHS T1AHOMHO-TPAaHCIIOPTHOT TOPTAJILHOI MAIlIMHU HiATBEPIUIIO
NPaBOMIpHICTH PO3pOOJIEHOT MaTeMaTHYHOI MOJIeNi (POPMYBaHHS 30BHINIHIX HABAHTaKEHb, TPHUHATOT
PO3pPaxyHKOBOI CXEMH HECydol CHCTeMH. PO30IKHICTH MK TCOPETUYHMMH 1 €KCIIEPHUMEHTATbHUMU
3HAYEHHSIMH NPO(DITIOI0UNX HABAaHTAXKEHb IO TMEPLUIOMY PO3PaxyHKOBOMY BHIAAKY HE IEPEBHUILYE
5,6 %, o mpyromy i TpetboMy — 7 %, OTprMaHi eKCliepUMEHTANbH] 3HAUYCHHS MEHII TEOPETUYHHUX.
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