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THE INFLUENCE OF STRUCTURAL RIGIDITY ON ITS DYNAMIC
CHARACTERISTICS OF PORTAL BEARING SYSTEMS

BILIUB KOHCTPYKTUBHOI J)KOPCTKOCTI HA BJACHI JUHAMIYHI
XAPAKTEPUCTHUKHU NOPTAJIBHUX HECYUYUX CUCTEM

For traditional pneumatic vehicles, the requirement of low torsional stiffness of the supporting
systems fits into the static load pattern, dictated by the reduction of internal force factors, is realized
by the use of ladder-type frames with open-profile power elements, then for gantry machines, the in-
fluence of torsional stiffness should be taken into account stiffness on its own dynamic characteristics,
which determine the load pattern of the load-bearing systems when moving on uneven roads. The ar-
ticle theoretically investigates the effect of structural rigidity on the dynamic characteristics of portal
bearing systems. It has been proved that the dynamic stiffness to a certain extent depends not only on
the geometrical parameters of the elements of the supporting system, but also on the external distur-
bances observed during the dynamic movement of the gantry lifting and transporting machine.
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Y cmammi meopemuuno docniodiceno eniue KOHCMPYKMUBHOT HCOPCMKOCHI HA GIACHI OUHA-
MIYHI XaPaAKMepUCmuKy nOPmManbHux Hecyuux cucmem. Joeoeno, wo OUHAMIYHA HCOPCMKICb nes-
HOIO MIPOIO 3A1edCUMb He MIiNbKU 6i0 2eOMEMPUYHUX NAPAMEmpie elemMenmie Hecyuoi cucmemu, a
MAKoAiC 8i0 308HIUHIX 30YPeHb SKI CNOCmepieatombcst NPU OUHAMIYHOMY pYCi NOPMATLHOL RIOUOMHO-
MPAHCNOPMHOI MAUWUHU.

Hayxoso-mexniunuii npoepec y npomuciosocmi micno nog'sizanuil 3 po3pooxow ma ynpoga-
O0JICEHHAM HOBUX MEXHOAOSTYHUX AIHIL, 015 AKUX 0008'513K08UMU € MpaHchopmHui onepayii. B ymosax
NPOMUCTOBUX YeXi8, WO DPEKOHCMPYIOMbC i 3HO8 0y0yIombCs, HeoOXiOHI KOMNAKMHI, MAHeSPeHi
MPAHCNOPMHI  MAUWIUHY, SKI He BUMA2AIOMb GEIUKUX 8UPOOHUUUX naow). L{um eumozam yinkom 6iono-
8i0arOmMb ROPMAILHI MAUIUHU HA NHEBMOKONICHOMY X00i, AKi 3805KU C80Ill KOMNOHOBYI NPUCMOCO8A-
HI OJis1 MPAHCNOPMYBAHHS KOHMEUHePIs, NiIOOOHIE, MepMOCi8 [ IHUUX 8aHmMadxicie. Buxooauu 3 ananizy
KOHCMPYKYitl RIOUOMHO-MPAHCIOPMHUX HOPMANbHUX MAWUH, CI0 3A3HAYUMU HACMYNHI YMOGU iX
excniyamayii: HeoOXIOHICMb MAHEBPYBAHH, eKCMPeHe 2aibMyB8AHHs 3 6AHMANCEM HA MAKCUMANbHIN
sucomi niotiomy, OiuHULl KpeH NOPMATbHOT MAWUHY, OUHAMIYHE HABAHTNAICEHHS NPU PPOHMATLHOMY
HAi30i nepedHix Kouic Ha OOPOICHI NEPEUKOOU, KOCOCUMEMPUYHe NOOOJIAHHS NEPEUK00, PyX HO Hepi-
BHOCHISX HA 2OPUSOHMANLHIU OLISAHYI ULTSX).

Knrouosi cnosa: pama, necyya cucmema, Momenm inepyii, KOHCMPYKIMUBHA HCOPCMKICHb.

Problem’s Formulation
The analysis of the methods of designing the supporting systems of gantry machines showed
the following. The method of similarity can be used when creating a layout of power elements of sub-
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tank-transport gantry machines. The method of analogues allows the use of typical universities and
aggregates. The analytical method of calculation and design involves the development of a mathemati-
cal model of the formation of external loads, based on the characteristic load modes of the main power
elements of lifting and transport gantry machines.

Taking into account the structural transverse stiffness of this bearing system is an urgent task
when designing the geometric parameters of the elements of the supporting system. The article deals
with the solution of this problem, namely, conducting theoretical studies to determine the dynamic stiff-
ness indicators of the elements of the load-bearing system of the gantry lifting and transporting machine.

Analysis of recent research and publications

The analysis of the methods of designing the load-bearing systems of gantry machines indi-
cates a methodologically correct approach to this problem in most cases when a certain mathematical
model of the formation of external loads is adopted, based on the characteristic load modes of the main
power elements.

Thus, when calculating the load-bearing systems of portal machines models 7801 and 7803 in
the Main Special Design Bureau of Truck Loaders (Lviv), the following characteristic load modes are
accepted: 1) static load; 2) emergency braking with the load at maximum height; 3) turning with the
load at maximum height. These characteristic modes are established as the basis of design calculations
for the strength of all power elements of the supporting systems.

One of the main criteria for the structural perfection of lifting and transport machines is their
metal content. Gantry machines on pneumatic wheels only in recent years began to be widely used in
the technological lines of lifting and transport complexes; they have been studied very little, therefore
the work of Lepetova G.L. [1], being directed to the scientifically based selection of parameters of
gantry bearing systems, for the first time outlined the ways of creating rational structures of gantry
machines in terms of metal consumption. In the works of Beygul O.A. [2] studied the effect of tor-
sional stiffness of bearing systems on the formation of external loads. Since frames with low torsional
stiffness are not significantly loaded by torques when moving over uneven road surfaces, the total load
on such frames turns out to be less than on frames with high torsional stiffness. Reducing the load na-
turally affects the reduction of the metal content of the supporting systems. Experts from many
branches of mechanical engineering deal with issues of metal consumption of machines. For the load-
bearing metal structures of gantry lifting and transport machines can serve as an analogue of the frame
of cars, the study of which is devoted to a number of works [3,4].

Formulation of the study purpose

The article solves the problem of determining the coefficient of transverse structural rigidity of
the supporting system of the gantry lift truck when it moves over road bumps, skew-symmetric over-
coming of obstacles and dynamic load when the front wheels collide with road obstacles.

Presenting main material

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.

The behavior of load-bearing systems in the presence of harmonic disturbances is characte-
rized by dynamic stiffness, which depends not only on the parameters of the system, but also on exter-
nal disturbances, in particular, it decreases around resonance zones and drops to zero at the onset of
resonance. This is especially relevant for spatial rod systems, which include portal bearing systems.

And, if in the longitudinal vertical plane it is possible to ensure sufficient stiffness both static
and dynamic by structural means, for example, by introducing guide rods and braces, then in the
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transverse vertical plane it is difficult to introduce additional force elements that increase the stiffness
of the system within the framework of a rational design. It remains to look for reserves to increase the
stiffness of the system in the power elements of the supporting structure itself. This path goes through
obtaining dependencies between the natural circular frequencies and the structural rigidity of the portal
bearing system in the transverse vertical plane. Therefore, we will consider the differential equations
of free oscillations of the gantry machine in the transverse plane, where these dependencies come from
as a result of the solution of the frequency equation.

When deriving differential equations, some structural and structural features of lifting and
transport gantry machines used in inter-shop transportation at ferrous metallurgy plants are taken into
account. Portal machines, in contrast to portal cars considered from the general theoretical standpoint
in works [5] and [6,7], have a low center of mass of the payload and long lifting rods, when the dis-
turbed movement of the pallet in the transverse vertical plane is not causes a noticeable redistribution
of the vertical reactions of the supports. The resulting transverse oscillations are determined not by the
vertical, but by the transverse horizontal stiffness of the elastic structural elements and are shear in
nature [8].

In fig. 1 presents the calculation scheme of the supporting system of the gantry machine. The
following designations are adopted: 1 — spar of the frame of the supporting system; 2 — pallet with
payload; 3 — load-lifting bar of the supporting system; 4 — crossbar of the frame; 5 — rack of the
supporting system; 6 — tire of a pneumatic wheel.

Fig 1. Calculation scheme of the supporting system of the metallurgical portal machine

The equations of transverse oscillations are derived in the form of a Lagrange equation of the
second kind [9]. For this, the expressions of kinetic and potential energy of the system are recorded.
The kinetic energy is equal to:

2 )

+ , (D
where m, mass of the supporting structure, kg; m.— weight of the pallet with payload, kg; z; — gene-
ralized speed of the supporting structure, m/s; Z, — generalized speed of the pallet with payload, m/s.
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The potential energy is defined by the expression

II = 4CtZZZ% + sz(zzz—zﬂz’ (2)

where C,, — coefficient of lateral stiffness of the wheel tire, N/m; C,. — coefficient of transverse
structural rigidity of the supporting system, N/m; z; — generalized wheel coordinate, m; z, — genera-
lized coordinate of the pallet, m.

Next, we perform actions according to the operators of the Lagrange equation of the second
kind and, combining the obtained expressions, write down a system of differential equations:

myzy +4C,z1 — CKZ(ZZ - Zl) = 0;} (3)
mréz + CKZ(ZZ - Zl) = 0
The system of differential equations (3.3) is solved in the form
Zy = Alsin((l)t + ¢),
— A 4
z, = Azsin(wt + @),

where 4; — amplitude of oscillations along the first generalized coordinate, m; 4, — amplitude of
oscillations along the second generalized coordinate, m; @ — circular frequency of oscillations, 1/s;
t — time, s; ¢ — phase angle, rad.

After substituting expressions (4) into differential equations (3), we obtain a homogeneous
system of equations for amplitudes A; and A,

(4Ctz + CKZ - mxwz)Al - CKZAZ = 0'} (5)
_CKZAI + (CKZ - mr(l)z)Az = 0
System (5) has a non-trivial solution if its determinant is zero:
(4Cy, + Cy — Mew?) —Cyz
=0. 6
‘ _CKZ (CKZ - mrwz) ( )
Expanding the determinant in equation (3.6), we obtain the frequency equation
meT(wz)z - (CKZmK + 4'CLI_[ZTrI"l" + CKZmT)a)Z + 4'CLI_[ZC‘KZ = 0 (7)
Two natural circular frequencies of transverse oscillations are determined from equation (7).
Cyz (mK+mr+4CCtzzmr)¢\/(mK+mr+4CCtzzmr)2—4meT4CCtZZ
w?, = ®)

2memy
The complete solution of the system of differential equations (3) describing the free transverse
oscillations of the supporting system of the gantry machine has the following form:

1= AIISin(O)lt + (P1)+ Alzsin((ﬂzt + (pz ),
Zy = A21sin(0)1t + (P1)+ AzzSil’l(O)zt + (pz ),

)

where the constants 4, and ¢; are determined from the initial conditions.

As follows from expression (8), the natural circular frequencies of the carrier system of the
gantry machine significantly depend on the coefficient of transverse structural stiffness Sy, of the car-
rier system, which allows to shift the natural circular frequencies to the pre-resonance zone according
to the dynamic stiffness index even at the design stage.

Conclusions

The article solves the theoretical problem of the effect of structural stiffness on the dynamic
characteristics of portal bearing systems of lifting and transporting machines in the form of the ob-
tained coefficient of transverse structural stiffness of the bearing system, which in turn allows shifting
the inherent circular frequencies to the pre-resonance zone even at the design stage.
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