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JIHITPOBCHKHIA Jep>KaBHUM TeXHIYHUH yHiBepcuTeT, Kam’sTHCbKe

METHOD OF COMPUTATION THE PARAMETERS OF
CARRYING SYSTEMS OF LIFT AND TRANSPORT MACHINES
FOR THE AGRICULTURAL COMPLEX

The conducted theoretical studies consider the most typical calculated cases of dynamic
loading of the frames of the load-bearing systems of gantry lifting and transport machines for the
agro-industrial complex: movement on the unevenness of the horizontal section of the road; oblique
collision with an obstacle; frontal collision with an obstacle. Based on the mathematical model of the
dynamic load of the supporting system, a methodology for designing the power elements of the gantry
machine has been developed. Taking into account the characteristic modes of movement of the gantry
machine, the load dependences of its individual power elements, as well as their groups, were formu-
lated and obtained.

Keywords: stiffness, load, criterion, case, plane, open profile.

Ilposedeni meopemuuni 00CHiOdNCeHHs pO32NsA0aAOMb HAUOIIbUW XAPAKMEPH PO3PAXYHKOGI
BUNAOKU OUHAMIYHO20 HABAHMNAIICEHHS PAM HECYUUX CUCEM NOPMATbHUX NIOUOMHO-MPAHCHOPMHUX
Mawiut 015 a2pONPOMUCTIOB020 KOMHUIEKCY: PYX NO HEPIBHOCTAX 20PU3OHMANLHOI OLAHKU 00pOcU;
KOCUutl Hai30 Ha nepewkody, hpormanvHull Hai30 Ha nepewkody. Ha niocmasi mamemamuynoi mooe-
i OUHAMIYHO20 HABAHMAIICEHHST HECYUOi cucmemu po3podneHa MemoOuKda NPOEKMYSanHs CUNOBUX
eleMeHmi6 NoOpManbHoi MAwUuHU. 3 8PAXY8AHHAM XAPAKMEPHUX PEHCUMIE PYXY NOPMANLHOT MAUUHU
copmynbo8ani ma OMPUMAHI 3ANeHCHOCI HABAHMANCEHHS OKPEMUX ii CUNOBUX eleMenmis, a ma-
Koofc ix epyn.

Knrwouoei cnoea: scopcmricmv, HABAHMAJICEHHSA, KpUMepIl, UNAOOK, NIOWUHA, GIOKPUMULL

npoginw.

Problem’s Formulation

The basis of the proposed methodology is the most characteristic load modes of the main
nodes and aggregates of the portal bearing system, which determine the calculated loads and will be
called calculated load cases in the future.

On the basis of the conducted theoretical studies, the following calculation cases of load bear-
ing systems of gantry machines were considered: 1) movement along the unevenness of the horizontal
section of the factory road — calculation case for frame spars; 2) oblique collision with a high curb —
design case for the frame crossbar and uprights in the transverse vertical plane; 3) frontal collision
with a curb 200 mm high by one wheel at a speed of 5 km/h — calculated case for the frame against
its folding in its plane and for the rack in the longitudinal vertical plane.
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Analysis of recent research and publications

In a number of works, for example, in [1—4], unequivocal recommendations are indicated in
favor of the use of open profiles of power elements in the manufacture of frames of load-bearing sys-
tems of vehicles. Frames of transport vehicles are generally multi-contour flat-space frame systems.
By their very nature, they cannot have high torsional stiffness, when moving over road irregularities,
they practically scan these irregularities, twist like a propeller, undergoing significant deformations.
So that large deformations are not accompanied by high stresses, it is recommended to make the pow-
er elements of such frames from open profiles.

But in the portal bearing system, a specific feature is added to the general picture of load and
deformation, associated with the presence of a large concentrated mass in the form of a pallet with
cargo on long lifting rods, a container, etc. This is already a dynamic system, prone to fluctuations
when driving on bumps in the roads of enterprises, which depend on the dynamic stiffness of the sys-
tem. In this sense, the stiffness characteristics of the system should be increased in order to move the
unstable modes to the zone of practically unattainable movement speeds [4,5].

And if in the longitudinal vertical plane the rigidity can be increased by structural means, in
particular, braces, struts, then in the transverse vertical plane it is impossible to do this due to the com-
positional features of the portal bearing system. Therefore, an increase in rigidity in the transverse
vertical plane can be realized only by using spars with closed profiles. At the same time, the natural
frequencies of the system increase by an order of magnitude, and the resonant zones shift to the zone
of speeds that are not allowed during operation.

An increase in the torsional stiffness of the portal bearing system due to the closed profiles of
the spars should be compensated to some extent by a decrease in the torsional stiffness of the cross-
bars. This means that the cross members of the frame should be made in the form of power elements
with an open profile, optimized according to the criterion of minimum torsional stiffness.

Formulation of the study purpose

The article solves the problem of building algorithms for calculating the geometric parameters
of the crossbars and frame spars, as well as the verification calculation for the strength of the crossbars
and racks of the support system of the portal lifting and transport machine on pneumatic wheels.

Presenting main material

In the gantry bearing system, vertical loads are formed in the process of disturbed movement
of the gantry machine in the longitudinal vertical plane. From the pallet with cargo, they are trans-
ferred to the spars with the help of load-lifting rods, then, after passing the crossbar, they are trans-
ferred to the racks of the supporting system. Thus, in this calculated case, the crossbar is not loaded,
the racks work for compression, which is not determinative, and the spars are in pure bending condi-
tions under the effect of calculated vertical forces [6,7]. The task is reduced to the design calculation
of the strength of the spar as a two-support statically determined beam, prone to pure bending. The
calculation scheme of the spar is presented in fig. 1.
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Fig. 1. Calculation scheme of the spar

Reactions (R,= R4 = P,) resistances are determined from the condition of symmetry:
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The maximum stress in the cross section of the spar is equal to
M
o=—2~= (ﬁ +5, |, (1)
J, \2
where M, — is the estimated bending moment, Nm; J. — is the axial moment of inertia of the trans-
verse section of the spar, m* h— height of the wall of the cross-section of the spar; 6, — is the thick-

ness of the side of the cross-section of the spar, m.
In condition (1), the calculated bending moment is determined from the formula

M,=P,L, )

z

where

P,= % {1 +48C,EJ ,m, hyQ? /

/{mrmk (Qz)z —(CKmK +4Cim, +C, m,. )Qz +4C,CK} };

C,.=3EJ,/(3L-2L,). (4)
In the future, a closed rectangular profile is adopted for the spars; constructively specified by
the width of the shelves ¢ and the height of the walls #4; the thickness of shelves 6, and walls o, is
determined.
For a closed rectangular profile, the axial moment of inertia of the cross section of the spar is
equal to

A3)

= (8603 + 126852 + 66125, + 2035, 12, 5)
Condition (1) is written taking into account expressions (2)—(4) and the equation is solved
with respect to Jz. Further, in expression (5) in the first approximation, §, = 0 is taken, which means
the transition to walls that work only in shear, and the cubic equation is solved with respect to J,
465, +66hS2 +36h*5, —6J, =0. (6)
Solving equation (6), the condition &, = 9, ma 1S obtained. As the next approximation, 9, = 0,9
O max 18 taken and substituted into expression (5), which becomes a linear equation with respect to o,

46(0,95 105 S +66h(0.98 oy + 3602 (0,95 10 )+ B8, —6J, = 0. (7)
Solving equation (7), we get
8. =[67. —46(0,95,., f —661(0,95,... ) —36h2(0,95,.. )/ > . (8)

When a gantry car hits a high curb at an angle, even a small traction force can cause a trans-
verse component force equal to the wheel's grip force with the road surface. In fig. 2 presents a dia-
gram of the formation of lateral forces. The calculated lateral force is taken as the wheel's grip force
with the road surface

mg
p, =%
z 4 fﬂ (9)

where m — is the mass of the nominally loaded gantry machine, kg; g — acceleration of free fall,
m/s’; f— is the coupling coefficient.

Forces Pz and bending moments Mx = PzHxk act on the frame of the supporting system in the
corner sections. Forces Pz can be neglected due to the small values of compressive stresses in the
crossbar and bending stresses in the spars. Then the calculation scheme of the frame of the portal bear-
ing system takes the form shown in fig. 3.
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Fig. 2. Scheme of formation of lateral forces on the portal supporting system: 1 — crossbar;
2 — rack; 3 — wheel

Fig. 3. Calculation scheme of the frame according to the second calculation case

The frame of the portal bearing system according to the second calculation case, taking into
account symmetry, is once a statically indeterminate system [8]. The peculiarity of the design calcula-
tion of a statically indeterminate frame is that from the condition of strength, not the geometric charac-
teristics of the cross-sections of the force elements are obtained, but their ratio, in particular, taking
into account the open I-beam profile of the crossbar:

Tk _ {— [4M pLE(h+28,)-8[c]L,GJy ]+

xn

e [an LB +25,)-8l0 126y P +64M , 1,Gl1+ 25, Yo lLEE } / (10)

- /4M pL2G(h+25,),
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where J; — the reduced polar moment of inertia of the cross section of the spar, m*; J, — axial mo-
ment of inertia of the transverse section of the crossbar, m*.

The bending moment is determined from the formula

M, =mgfH, /4. (11)

Before the stage of determining the relation (10), Jk is assumed to be known from the first cal-
culation case. In addition, the width of the shelves and the height of the wall profile of the crossbars
are constructively set. Then, in the first approximation, it is assumed that the wall works only in shear,
in this case:

M, =mgfH, /4. (12)
On the other hand:
I =2x (13)
K
where
x=1{-|aM , LE(h+25,)-8lo]L, Gy |+
+[ant ,LE(h +25,)-8lo 1L,y F +64M , 1, Gln +25, Yo LEE } / (14)
— /4M pLoG(h+25,).

By combining expressions (12)—(14), a cubic equation for the thickness of the shelves is ob-

tained:

3 2 g2 OJp
460, +66ho,, +36h" 6, —=0. (15)
K

Solving equation (15), the condition §, =J
assumed that &, = 0,95

nmax 15 obtained. As the next approximation, it is

and a linear equation is obtained with respect to o,

nmax
86 (0,95, ax ) +126h(0.98 )10y ) + 6672 (0,98 yax )+ 50> =120, = 0. (16)

From (16), we get &,
5o =12y ~86 (0.9 max ) —126h (0,96 x> — 66h2(0.9 )} 1 (17)

From fig. 3, it turns out that the calculated bending moment for struts in the transverse vertical
plane is determined from the formula
M., =PH,. (18)
The maximum stress in the root cross-section (round, hollow) of the rack is associated with the
following strength condition [9,10]
_P.H, _ 3§PZHK4 < [6],
ch nd (1 - )
where W,, — moment of resistance to bending of the rack in the root section, m3; d — outer diameter
of the root section of the rack, m;

(o2

(19)

a=d 1 / d .
where d, — mner diameter of the root section of the rack, m.
Taking constructively a, the outer diameter of the rack is obtained from condition (19)

32P,H,

l-a’ |o

d>3 , (20)

5

or, revealing Pz taking into account (12),
8mgfH,

d= . 21
>37r‘1—a4lc7] @b



88 306ipuuk HaykoBux npanp JJATY Ne 1(44) 2024

In fig. 4 presents the calculation diagram of the frame of the portal bearing system according
to the third calculation case, and shows the diagram of bending moments.
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Fig. 4. Calculation scheme of the frame and plot of bending moments

The curve of bending moments is obtained directly from the total curve of bending moments
from a unit force by multiplying all coordinates by the P,.

Taking into account the closed profile of the spars and the open profile of the crossbars, in par-
ticular, the clearly greater bending resistance moment in the plane of the frame of the cross sections of
the spars than the crossbar, it can be stated that according to the third calculation case, the crossbars
are the weaker link [11]. Therefore, first of all, the condition of strength for the crossbar during bend-
ing in the plane of the frame is checked

P, L6
=2 <lo], (2)
yn
where o — is the maximum stress in the crossbar during bending in the plane of the frame, Pa; P, —
dynamic load according to the third calculation case, N; J, — axial moment of inertia of cross-section,
m’; y — is the width of the shelves of the I-beam profile of the crossbar, m.
The dynamic load P, is determined from the ratio

3 2 3 2
L LL H 2LH
Py=v, |m 2 (A | He (2LH 1) (23)
6EJ,, O6EJ, 3EJ, 3EJ, (
Then the strength condition for the rack in the longitudinal vertical plane is as follows:
PyH 2P, H
= fotle . S2holle , <[], (24)
ch 7d (1—0! )

where H. — rack height, m; W,. — the bending resistance moment is stable in the root section, rn3;
d — outer diameter of the rack in the root section, m; o =d; / d , where d; — Binner diameter of the

o

(o2

rack in the root section, m.

If the strength conditions (22) and (24) are not satisfied, the cross-sections of the crossbars and
struts are increased, meaning that Jy and Jzc are included in the dynamic load expression; in addition,
the increase in Jy should be implemented in such a way that the ratio Jy/Jx remains unchanged. This is
important when revealing the static uncertainty of the frame.
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Conclusions

On the basis of the developed mathematical model of static and dynamic load of the load-
bearing system of the gantry machine, a methodology for designing its power elements has been de-
veloped. The developed method of calculating the parameters of the portal bearing systems is based on
the 3 most characteristic load modes of the main nodes of the bearing system: movement along the
unevenness of the horizontal section of the road; skew-symmetric collision with a high curb; frontal
collision with a curb with one wheel. On the basis of the characteristic modes of movement of the
gantry machine, calculated cases of loading of its individual power elements, as well as their groups,
are selected and formulated.
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METOJIUKA PO3PAXYHKY ITAPAMETPIB HECYUHUX CUCTEM
HIAUOMHO-TPAHCIIOPTHUX MAIIWH JIJIA
ATPOITPOMUCIIOBOI'O KOMIIVIEKCY

Pedepar

VY po6oTi HaBeeH1 0COOIMBOCTI 3alIPONOHOBAHOI METOAMKH PO3PAXyHKY MapaMeTpiB eleMeH-
TiB HECYYUX CHUCTEM HiAHOMHO-TPAaHCIIOPTHUX NOPTATbHUX MAIIUH SIKI BAKOPUCTOBYIOTBCS B JIOTICTH-
YHHX TMpOLecax B arponpoOMHUCIOBOMY KOMIUIEKCI. B Hecydili cucremi migiloMHO-TpaHCIIOPTHUX Ma-
IIMH TOPTAJIBHOIO THITYy JO 3arajibHOl KapTHMHU HaBaHTa)KEHHA 1 nedopmalii 10Aa€eThes crenudiyHa
0COOJIUBICTD, TOB'SI3aHa 3 HASBHICTIO BEJMKOI 30CEPEAKEHOT MacH y BUTIIAI MiAJOHY 3 BaHTa)XeM Ha
JOBI'MX BaHTAKOMIAMOMHHUX LITaHTaxX, KOHTeWHepa i T.0. g auHamiuHa cucteMa CXWibHa J0 KOJIU-
BaHb IIPH Pyci N0 HEPIBHOCTSX AOPIr Ta pisHOMaHITHUX nepemkoy. KoauBaHHs 3anexats BiJ TUHAMI-
YHOT )KOPCTKOCTI CUCTEMH 1 Ii JKOPCTKICTHI XapaKTEPUCTHKH CHCTEMH CiiJ 30LIbIIyBaTH, 100 He-
CTIKI peKMMHU BiJBECTH B 30HY NMPAKTHYHO HEJOCSIKHHMX MIBUIKOCTEH PYXy, TAKUM YHHOM YBECTH
PO3pPaxyHKOBY CUCTEMY Y IOpe30HAHCHI a00 pe30HaHCHI YacTOTH.

30UIbLIEHHS KOPCTKOCTI B MONEPEeYHii BEpTUKAIbHIN MUIOMMHI MOJKHA pealli3yBaTH 3acTOCY-
BaHHSM JIOH)KEPOHIB i3 3aKpUTUMU Npodinsamu. [Ipu npoMy BIIacHI 4aCTOTH CUCTEMH 30UIBIIYIOTHCS
Ha TMOPSAJOK, & PE30HAHCHI 30HU 3MIIYIOTHCS B 30HY IIBUAKOCTEH, SIKi HE IOMYCKAIOTHCS MPU EKCILTY-
aTauii. B moB370BXkHIN BepTUKAIbHIA MIIOMIMHI KOHCTPYKTHBHY KOPCTKICTh HOPTAJIbHOI CHCTEMH
MOXHa 30UTBIINTH BBEJCHHSM KOHCTPYKTUBHUX 3aCO0IB.

Po3pobnena mMeroauka po3paxyHKy MapaMeTpiB MOPTaJbHUX HECYUHX CHCTEM 0a3ylOThCs Ha
3-X HaliXxapakTepHIIINX PeXUMax HaBaHTAXCHHS OCHOBHHUX BY3JIiB HECydOi CUCTEMH: PyX IO HEpiB-
HOCTSIX TOPU3OHTANBHOI JUISTHKH JOPOTH; KOCOCHMETPUYHHUI Hai3l Ha BHCOKHU OOpAOp; PpOHTATIb-
HUH Hai3[ Ha OOparop OJHUM KojiecoM. Ha mizncTaBi xapakTepHUX peKUMIB pyXy NOPTaIbHOI MAIIMHU
BUJIJIEH] 1 chopMyIbOBaHI PO3PaxyHKOBI BUIIAJKH HABAHTA)KEHHSI OKPEMHX ii CHJIOBUX €JIEMEHTIB, a
TakK camo ix TpyIl.
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