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OPTIMIZATION OF GEOMETRIC PARAMETERS OF OPEN PROFILES
CARRYING SYSTEMS OF PORTAL UPLOAD-TRANSPORTATION MACHINES

ONITUMIBALIA TEOMETPUYHUX TAPAMETPIB BIIKPUTUX TPO®ILIIB
HECYYHUX CUCTEM HNOPTAJIBHUX MIJAOMHO-TPAHCIIOPTHUX MAIIIVH

The work solves an important task of researching the stiffness characteristics that determine
the load of the load-bearing system of the gantry transport machine. The bearing systems of lifting and
transporting gantry machines are characterized by the presence of a branched spatial rod structure
with a large building height, spread masses. Such structures are subject to complex spatial fluctua-
tions when moving over uneven roads in the conditions of industrial enterprises, deformation during
standard lifting and transport operations. In some cases, the carrying capacity of gantry machines is
determined not only by the strength characteristics, but also by the stiffness characteristics of the main
power elements. It has also been proven that the spars of portal bearing systems should be recom-
mended from closed-type profiles, and the crossbars from open-type profiles.

Keywords: vehicle, frame, system, moment of inertia, structural rigidity.

Y cmammi meopemuuno ma excnepumenmanbHo OMpUMAHO PO38 SI3AHHS AKMYANbHOI HAYKO-
601 3a0ayi 0OTPYHMYBAHHSI KOHCMPYKMUBHUX NAPAMEMPI6 HeCYyuux Cucmem nopmaibHux niouoMHo-
MPAHCNOPMHUX MAUWIUH HA NHEEMOKOIICHOMY X00i, sike 3abe3neuye payioHanvbhy Memanomicmykicms
KOHCMPYKYIU.

XapaxmepHoto ocobnugicmio pamu nOPMAIbHOL cucmemi € me, Wo JOHICEPOHU NO YMOGi Ou-
HAMIYHOI JCOPCMKOCIE ROBUHHI Mamu 3aKpumutl npoghine i mooi KOMNEeHCAYitiny QYYHKYII0 No 3aKpy-
YYBAHHIO pamu NOGUHHA Opamu Ha cebe nonepeuunu 3 ¢ioxpumum npoginem. OCKitbKu npU Ybomy
cyMapna KpymuibHa JCOPCMKICING pamu HeMuHyye 30i1buyemuvcs, mo 3p0Cmarms 6UMocu 00 Kpy-
MUILHOL HCOPCMKOCMI NONEPeyUH, Ki NOBUHHI MAmMu MIHIMATbHUL piseHs. [ 6iokpumux npoghinie
NJIOCKO-NPOCHOPOBUX HECYHUX CUCTEM HeODXIOHO Npo8ooUumy OnmuMizayilo 3a Kpumepiem MiHiMaib-
HOI KPYMUAbHOI HCOPCMKOCMI.
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Taxum uuHoM po38'sA3yemubcs 3a0a4a ONMUMATLHO20 NPOEKMYBAHHA GiIOKpUMUX NPOQINie cu-
JIOBUX eNIeMEeHMI8, KA POPMYNIOEMBbCA K 300a4a NOULYKY eKCMPeMyMy Yilb080i QYHKYII 3a HaAs8HOC-
mi 0odamxosux ymos. Ak yinbosa yHKyis po3ensidaemvcs KPYMUIbHA HCOPCMKICmb npoghinis, sKa
OOHO3HAYHO MNOB'A3aHA 3 NPUBCOEHUM NOJAPHUM MOMEHMOM iHepyii nepemumis, AK 000amKo8a
YMOBa — YMOBA MIYHOCMI NPU GUSUHI.

3a po3pobrenum aneopummom Oyia CKiao0eHa npoepama onmumizayii 060maspogo2o npogi-
JII0 N0 KpUMePito MIHIMATLHOI KPYMUTbHOL JcOpCmKOcmi 1 no6y008ari epa@iKu 3aielicHocmi npusge-
OCHUX NOJAPHUX MOMEHMI8 Hepyii 8i0 MOSWUHU NOIUYL NPOQinie, 0e OOHOZHAUHO GUPAIICEHT eKCM-
pemymu yinbosoi QyHkyii, wo 00360.15€ 3p0OUMU BUCHOBOK NPO Me, W0 JOHICEPOHU NOPMATLHUX MA-
WUH CTIO PEKOMEHOYBAMU 8UOMOBIAMU 3 NPOQINIE 3aKPUNO20 MUNY.

Knrouosi cnosa:. mpancnopmuuil 3acio, pama, cucmema, MomMenm iHepyii, KOHCMPYKMUGHA
JHCOPCMKICMb.

Problem’s Formulation

The bearing systems of lifting and transporting gantry machines are characterized by the pres-
ence of a branched spatial rod structure with a large building height, spread masses. Such structures
are subject to complex spatial fluctuations when moving over uneven roads in the conditions of indus-
trial enterprises, deformation during standard lifting and transport operations. In some cases, the carry-
ing capacity of gantry machines is determined not only by the strength characteristics, but also by the
stiffness characteristics of the main power elements.

If for traditional pneumatic vehicles the requirement of low torsional rigidity of the supporting
systems fits into the static pattern of the load, dictated by the reduction of internal force factors, is rea-
lized by the use of ladder-type frames with power elements of an open profile, then for gantry ma-
chines the influence of torsional rigidity should be taken into account on their own dynamic characte-
ristics, which determine the load pattern of the load-bearing systems when moving on uneven roads.

Analysis of recent research and publications

The load-carrying systems of gantry-type vehicles in the vast majority are flat-space frame
systems, which are usually called ladder frames [1,2]. A characteristic feature of such systems is that
the main loads are perceived by longitudinal power elements, or spars. Auxiliary loads are received by
transverse force elements, or crossbars. Flat-space frame systems work well for bending "out of the
plane”, work poorly for torsion [2].

As you know, it is structurally impossible to create a ladder-type bearing system with high tor-
sional stiffness, therefore, they go for a conscious reduction of it, which is achieved by using open profiles
of longitudinal and transverse power elements. At the same time, the frame twists freely when hitting road
irregularities, and the stresses in it are kept within acceptable limits. Bending stiffness is provided by force
elements, the parameters of which are selected from the condition of strength during bending [3].

A characteristic feature of the frame of the portal system is that the spars, according to the
condition of dynamic stiffness, should have a closed profile, as shown above, and then the compensa-
tory function of twisting the frame should be taken over by crossbars with an open profile. Since the
total torsional stiffness of the frame inevitably increases, the requirements for the torsional stiffness of
the crossbars, which must have a minimum level, increase.

Formulation of the study purpose

In this way, the problem of optimal design of open profiles of force elements is solved, which is
formulated as the problem of finding the extremum of the target function in the presence of additional
conditions [3,4]. The torsional rigidity of the profiles, which is uniquely related to the reduced polar
moment of inertia of the sections, is considered as the target function, as an additional condition — the
condition of bending strength.

Presenting main material

For further explanations, we will consider the I-beam profile, which, together with the chan-
nel, has become the most widespread for the power elements of the load-bearing systems of vehicles.
In fig. 1 presents the evolution of the I-beam profile on the way to finding a profile with the least tor-
sional stiffness. The following designations are accepted: y — shelf width; h — wall height; 5, —
shelf thickness; 6, — is the wall thickness. Assuming that ¢ and h are constant, we will vary §,and 6,
in such a way that the moment of bending resistance W, [4] remains unchanged.
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Fig. 1. Variants of an open profile that has a constant axial moment of inertia: 1 — J,=const;
5,1:5” max; 5(;:0. 2 — JZ:ConSt; 5n¢0; 50¢O. 3 —JZ:COT]St, 5,1:0; 5(;:50max.

We take the first combination of thicknesses as 6,1 = dmax, 91=0 (Fig. 1), which corresponds to
the model of the section, where the shelves work only in tension-compression and perceive the bend-
ing moment, and the wall works only in shear [4, 5, 6].

In this case, the strength condition is written as follows:

M Mp
5 < [o], (1)

— P —
o=—= —mFF——
W, BSymax (h+8

where o — is the maximum normal stress, Pa; M, — is the estimated bending moment, Nm.
From the strength condition (1), we obtain a quadratic equation with respect to the thickness of
the shelf dmax:
[01B8Zmax + [01BRS max — M, =0 (2)
and its solution taking into account the selected sign
—[olsh+ [[01282R2+4[oT8M,
Onmax = 2l0ls . 3)
For further thickness combinations, we take &, # 0; 6,# 0 (Fig. 1). The thickness of the wall &,
is expressed through the thickness of the shelf 6, from the condition of bending strength:

M 6M.,,(h+26
=Y - oMp(ht2dy) < [o]. (@)
W, 886, +12Bh 85 +6Bh25,+h36,

Where do we get it directly from
5, = 6Mp(h+28n)—8[0]38[?;—232[0]3)18%+6[0]Bh28n. (5)
Knowing all the parameters of the intersection, we determine the reduced polar moment of
inertia J, [5,7,8]:

g

Ju=20838+263h.. (6)

The following algorithm is developed to optimize profile parameters. Based on the known [c],

calculated calculated bending moment A4, constructively accepted s and h we determine 8,1 = Symax

according to formula (3). Given that 5., = 0, we determine the reduced polar moment of inertia of the
intersection J,4 using formula (6). Combinations &,;and &.;, as well as J,; are calculated as follows.
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The thickness of the shelf decreases and in the i-th combination of thickness is determined by
the formula
6ni = [1 - 0105(" - 1)]5nmax” (7)
where a coefficient of 0.05 with an accuracy sufficient for engineering calculations ensures good con-
vergence of the approximate objective function with the exact one.
The thickness of the wall increases, and in the i-th combination of thicknesses it is expressed

as follows:
6M, (h+28)-8[0]883,—12[0]18hS% 60825y
8y = —2 D ) (8
For the i-th combination of thickness &,;and & the reduced polar moment of inertia of the sec-

tion is determined

Jui = 2858+ 63, )

Calculation cycle 6,i, d., J. Is repeated 21 times, which directly results from expression (7).
For each set [o], M,, 6, h the operation of finding the minimum value of the reduced polar moment of
inertia Jumin is performed. According to the developed algorithm, the optimization program of the

I-beam profile according to the criterion of minimum torsional stiffness was compiled. The calcula-
tions were carried out with the following initial data:

1) [6]=220 MPa; B=80-10"°m; H=150-10"°m; M, =20 kNm.

2) [6]=220 MPa; B=100-10"°m; H=200-10°m; M, =50 kNm.

3) [6]=220 MPa; B=115-10"°m; H=250-10°m; M, =280 kNm.

Based on the obtained results, graphs of the dependence of the reduced polar moments of iner-
tia on the thickness of the profile shelves were constructed (Fig. 2), where the extrema of the target
function [4] are clearly expressed.
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Fig. 2. Dependence of the reduced polar moment of inertia of the two-beam profile on the
thickness of the shelves:

1 - M, =80-10° Nm; H=250-10"° m; B=115-10° m.

2 — M, =50-10° Nm; H=200-10"° m; B=100-10" m.

3 - M, =20-10° Nm; H=150-10"° m; B=80-10° m.
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The transverse structural rigidity of portal bearing systems depends on the type of spars. Tak-
ing into account the low speed of movement of lifting and transport gantry machines, of the order of
1 m/s, at the design stage, it is necessary to bring the own dynamic characteristics to the zone of higher
values, where resonant phenomena are detected at speeds that exceed operational speeds by an order
of magnitude. It directly follows from this that the spars of lifting and transport gantry machines
should be recommended to be made of closed-type profiles.

Conclusions

In order to reduce loads on the frames of the portal support systems, the crossbars should be
made from open profiles, which can be objects of optimal design; the torsional stiffness of such pro-
files as an objective function has conditional extrema. For open profiles of flat-space bearing systems,
it is necessary to optimize the parameters of the force elements according to the criterion of minimum
torsional stiffness.
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