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REDUCTION OF THE METAL CONTENT OF FRAMES OF BEARING SYSTEMS
OF PNEUMATICS-WHEEL-RUNNING PORTALE MATS

SMEHITEHHA METAJTIOMICTKOCTI PAM HECYUYUX CUCTEM
MHOPTAJIBHUX MAIINH HA ITIHEBMOKOJIICHOMY XOJ1I

Portal lifting and transport machines are characterized by a large building height of the struc-
ture and the presence of scattered masses.

The main thing about the described bearing systems is that they fit into the calculation
scheme, which includes a rectangular frame and four racks equipped with different numbers of
wheels.

The article proves that the torsional rigidity of frames from closed profiles is two orders of
magnitude higher than similar frames from open profiles, that is, it can be taken into account that tor-
sional loads are perceived by frames from closed profiles.

The spars of the supporting systems of portal machines must be designed from closed-type
profiles, which was proven by the authors, and the cross members of the supporting systems of these
portal machines should be made from open-type profiles in order to reduce the torsional rigidity of the
supporting system, which in turn leads to a significant reduction in metal consumption these frames.
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Tunu KoHCmMpYKYil NOPMATLHUX KPAHI8 8 OCHOBHOMY 3A1€HCAMb 8i0 NPUCIPOIO NOBOPOMHOT
YACMUMU, SIKA MOdIce 00epMAmUcs HA NOBOPOMHIL KOLOHT b0 onupamucs Ha NOBOPOMHULL Kpye, VK-
Ja0enull Ha nopmani, i 6i0 muny cmpinoguono2o npucmpor. OcHOSHUMU GV3NAMU MEMANe8UX KOHC-
MPYKYitl NOPMATbHUX KPARIG € CMPIAU, KOJOHU (KapKacu) i nopmanu (Hanignopmanu,).

Koncmpyxmueno nopmanu guxonyiomvca 6 oanuii yac aucmosumu. Kopobuacmi nopmanu 3a-
BO5IKU JHCOPCMKOCHE KOPOOYACHO20 NpOQinio HA 6CIX HANPAMKAX He BUMAZAIOMb 000AMKO8UX pebep
aHcopecmrocmi 8 OiuHUX epawsix, a iHoOI i 3amseysans. Lle ne minvKku cnpowye KOHCmpyKyito, aie i He
CMBOPIOE Nepewkoo 0jisi nPoi30y ni0 NOPMAIOM, WO 0COOIUBO BANHCIUBO OJIsi NOPMOBUX KpaHie. [[is
KOpoOUaAcmux KOHCMPYKYIlU 6UKOPUCIOBYIOMbCS SHYMI 1 WMAMNOGAHI elemMeHmuy, wo 000amKo8o
CHPOWYE i 30eeBnIoc ix GUeOMOGIEHHS.

Jlna nopmanvhux niouoOMHO-MPAHCROPMHUX MAWUH XApaKmepHi eenuxa 0yoieenvha ucoma
KOHCMPYKYIL | HAA8HICMb PO3HECEeHUX MAC.

Tonoenum 0ns onucanux Hecyyux CUCmeMm € me, wjo B0HU GNUCYIOMbCSL 8 PO3PAXYHKOBY CXEMY,
WO BKIIOHAE NPSAMOKYMHY 6 NAAHI pamy I HOmupu Cmitiku, 001a0HAHI PI3HOK KIIbKICIO KOJIC.
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Y emammi 0osederno, wo KpymuibHa Hcopcmkicms pam i3 3aKpumux npo@inie Ha 08a nopso-
KU GUWA HINC AHATIOSTYHUX paM 3 8IOKpUmMuUX npoqhinie, moomo MOMCHA 8paXo8y8amu, Wo HABAHMA-
JHCEHHS HA CKPYUYBAHHS CHPUUMATOMb PaMU i3 3aKPUTHUX NPOQINiE.

Jlonoiceponu necyuux cucmem NOPMATbHUX MAWUN HeOOXIOHO npoexmyeéamu 3 npoghinié 3a-
KpUmMo2o muny, wo 008e0eHO A6mopamu, a NONEePeUuHl HeCyuux CUCmeM OAHUX NOPMALbHUX MAUUH
Ci0 8U20MOGNAMU 3 NPOQPINIE GIOKPUMO20 THUNY 3 MEMOI 3HUNCEHHSA KPYMUILHOT HCOPCMKOCMI He-
cyyoi cucmemu, Wo 6 c0I0 uepey NPpu3Bo0UmMs 00 CYMMEBOSO 3MEHUIEHHSI MEeMANIOMICMKOCMI Yux
pam.

Knrouosi cnosa: nopmanvua mawiuna, Hecyua cucmema, MOMeHM iHepyii, KOHCMPYKMUSHA
JHCOPCMKICMb.

Problem’s Formulation

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 researched extremely little,
therefore the work of some researchers in this field was aimed at scientifically based selection of pa-
rameters of portal bearing systems, for the first time outlined the ways of creating rational structures of
portal machines in terms of metal consumption. There was a need to investigate the influence of the
torsional stiffness of the load-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 naturally 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, they can serve as an analogue of
the car frame.

When designing the bearing systems of gantry machines in order to reduce their metal con-
sumption, a greater number of characteristic load modes are taken into account: 1) static load when
moving in a straight line; 2) load during braking; 3) load when the machine is brought in; 4) dynamic
load when the front wheels hit a road obstacle; 5) suspension of one wheel.

Analysis of recent research and publications

The design of the supporting systems of lifting and transport gantry machines is based on the
research of Beygul O.0. [1], on the basis of which a technique and an algorithm for the design calcula-
tion of the bearing systems of gantry machines were developed. This technique includes six calculated
cases, as well as some of their combinations: 1) lateral roll when exceeding 300 mm; 2) axisymmetric
overcoming of a frontal obstacle on the verge of breaking the clutch of the drive wheels with the sup-
port surface; 3) movement over bumps on the horizontal section of the road; 4) emergency braking on
a horizontal section of the road; 5) obliquely symmetrical overcoming of a frontal obstacle on the
verge of breaking the clutch of the drive wheels with the support surface; 6) frequency load. Design
methods of gantry machines [1,2,3] provide for a reduction in the metal consumption of non-threaded
systems due to the recommended transition to an open profile of the longitudinal and transverse power
elements of the frame. Frequency load occupies a special place in determining the parameters of por-
tal-type bearing systems, which are most prone to kinematic disturbances. This is due to the fact that
the carrying capacity of the gantry machine is determined not only by strength, but also by rigidity.
And the stiffness of the system directly affects its own dynamic characteristics on the one hand, on the
other hand — external kinematic disturbances have a certain frequency spectrum. In this system, the
frequencies of external disturbances and the natural frequencies of structures are very closely intert-
wined. Depending on the ratio of these frequencies, there is a corresponding load on the load-bearing
structures.

An increase in the deflections of the elastic elements of the load-bearing structures is asso-
ciated with an increase in the stresses in the power elements, which causes additional loads of non-
frequency origin [4,5].

From the above analysis, it turns out that at present, the design of the supporting systems of
lifting and transporting gantry machines on pneumatic wheels does not take into account a number of
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their load modes, the specifics of the operation of such machines in the conditions of the technological

lines of factories when carrying out loading and unloading and transport work in ports and cargo- at

these stations, which affects the correctness of determining the metal content of structures and their

durability.
Formulation of the study purpose

The given review showed that even in the general automotive industry, there is no scientifical-

ly based approach to the design of load-bearing systems in terms of reducing the metal consumption of

undercarriage vehicles, including gantry ones. In this regard, it is possible to formulate the main goal

of this monograph, which is aimed at reducing the metal consumption of gantry lifting and transport
machines on pneumatic wheels.

Presenting main material

Frames of gantry machines are complex, many

«§ | y times statically indeterminate flat-space systems. When

: revealing the static uncertainty, we will use the method of

forces, where at the stage of design calculations it is neces-

/ ) / / sary to know the relationship between the main geometric

%< 7'y characteristics of the cross sections of the force elements

8 61

In fig. 1 shows the cross section of the I-beam pro-
file, which has the same moment of bending resistance as
the box profile, which is determined by the formula:
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/ / : / / where J, — axial moment of inertia, m'; y — shelf width, m;
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|

h — wall height, m; 6— wall thickness, m.
b The reduced polar moment of inertia of the open
< > section is determined by the expression
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Fig 1. Cross-section of a Jki _EZSI'SI' T3 5 26+(28) h), 2
double-breasted cross '

where i — number of plots; & — thickness of the i-th sec-

tion, m.
The reduced polar moment of inertia of a closed section is determined by the expression
4((s—8)5+h))
J;co _ 4F2/§ds — ((6 )( ))6 , (3)
& 2(6-8)+2(h+3)

where F'— the area bounded by the middle lines of the walls, m% L — contour length, m.

In order to simplify further explanations, we accept the following relations, characteristics for
thin-walled profiles: h = 308, h = 2B, B = 154. Then expressions (1)—(3) take the following form:

J, =117088%; J, =908%; J. =83715%. (4)

Considering that the torsional stiffness of frames from closed profiles is two orders of magni-
tude higher than that of similar frames from open profiles, it can be concluded that the "twisting" loads
are perceived only by frames from closed profiles, which allow one of the wheels to hang when the
joint action is implemented bending and torsion [7]. In fig. 2 a, b show the calculated and equivalent
schemes of the frame when one of the wheels hangs. In the general case, flat-space systems are many
times statically indeterminate; in this case, we reduce the system to three times statically indetermi-
nate. The canonical equations of the method of forces form a system:

811X1 +812X2 +813X3 +81p =0,
821X1 +822X2 + 823X3 + 82[7 =0; (5)
831X1 +832X2 +833X3 +83p =0.
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Fig 2. Calculation diagram (a) of the frame when one wheel hangs and the equivalent system (b)

To determine the coefficients and free terms of equations (5), plots of bending and torque
moments from unit forces Xi, as well as from the external load in the main system, are constructed
using Mohr's integral. Integration by the Vereshchagin method allows to obtain:

1 2(3 3) 2,6 (2 2 )
) =——(L + L5 |+ LiL, + 5L, 6
1 EJM31 2 EJKIZ 2Ly (6)
1 2.6
8oy = —— 2L + =221y 7
2 i 1 ] 2 (7
833 = L2Lz +£2L1 5 (8)
EJ, EJ,
1 2 2,6
810 =0y =——L1" +——L1Ly; ©)
EJ, EJ,
1 2,6
013 =031 = - Ly - LiLy; (10)

EJ, EJ,
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823 :832 :0; (11)

1 (2, 5 , 16 3) 26
o1, =— —PI2 +4PI3L, +8PL, Ly +—PLy |- 2PLL,L4s +PLL,L;); 12
1p EJM(3 3 3Ly sha+— Pl EJK( 1oLy 1LoL3) (12)
J— (PL2+4PLL +4PL2)— 28 0PLy L4+ PLyLS): 13
2 ="y 3 3Ly Dy 2Ly 2L3); (13)

u K

03, =0. (14)

Canonical equations (15) taking into account expressions (6)—(14) take the following form:

21
{ (L%+L§)+ 26 (L,+I3L )}Xl{ ! I+ 26 LILZ}XZ—
K

3EJ, EJ EJ, — EJy
! B+ 26 LiLy | X5 = L (2 PI3 +4PI3L, +8PLyL5 +EPLZ + (15)
EJ, EJ, EJ,\3 3

2,6

+ - (2PLLyLy + PLiLy Ly

K

L2 28 1 I+ o0+ 2801, [x, 0. x5 =
EJ, = EJ, EJ EJ

_ | (PL§+4PL3L4+4PL3)+ 26 (2PLyLy + PLy Ly )
J, EJ,
! 3+ 2.6 LiLy |X{+0-X, + L 2L, + 26 2L |X5=0. (17)
EJ, ° EJ, EJ, EJ,

We accept L, =L, /2; Ly=L;/2; Ly=L;/4. At the same time, the system of equations
(15)—(17) is significantly simplified:
348L, X1 +282X,-207X5=249PL;;
2820, X +564X, =282PL;; (18)
-2,07L; X7 +8,28X5=0.
Where do we get it from: X =0,7P; X, =0I15PL;; X53=0,175PL;.
We determine the parameters of power elements from the condition of strength under a com-

plex stress state:
M, (h P Y
6, =Vo? +41° = (—”(5+8B +4( 2FKpJ <[o]. (19)

J u )
Taking into account that M, =0,325PL; M xkp = 0,175PL , based on the total curves of bend-

ing and torque moments for a rigid frame (closed profile), we obtain the following condition

G, = 0,0006% <[o], (20)
where
§3 = 0,0006PLy ] 21)
[o]
The linear mass of such an element, taking into account the accepted ratios, will be equal to:
mo'=pF ) =p(2h+2 %)=2,pX305+155)=90p5, (22)
where m,’ — linear weight of the profile, kg/m; p — density of the construction material; Foy —

cross-sectional area, n’.
Or taking into account (21):
mo '=0,054pPL, / [c]. (22)
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Due to the low torsional rigidity of frames made of open profiles, they scan the unevenness of
the roads as it were, and practically do not perceive the twisting loads. For this reason, it is possible to
neglect the redistribution of resistance reactions and consider them equal [8]. Then the frame is
loaded only with bending loads.

We determine the parameters of power elements from the condition of bending strength. Tak-
ing into account that A, = 025PL,, based on the total curves of the bending and torque moments for

the frame from the open profile, do I mean that the wall thickness is equal to &, the following expres-
sion can be obtained
_0,0004PL,;
[s]
The linear mass of such an element, taking into account the accepted ratios
mo=pF"=p(h+2 58)=pA305+300)=60p5, (24)
where F" — cross-sectional area of the open profile, m’.
Taking into account (23), we have
mol) = 0,024pPL, /[5]. 24)
As follows from the above statements, the running mass of the frame of the gantry machine
from open profiles is 2.25 times less than the corresponding frame from closed profiles.
Below in the tabl. 1 shows the data characterizing the reduction of the metal density of the
frame of the supporting system depending on the external loads.

&3 (23)

Table 1. Reducing the metal content of the frame of the supporting system of the gantry
machine

Mass of linear meter, kg Mass of 2 crossbars, L=4 m
P, xH Closed profile Open profile Closed profile Open profile A, kg
70 80,9 35,9 647,2 287,2 360,0
100 115,6 51,3 9248 410,4 513,6
120 138,7 61,6 1109,6 492.8 616,0
Conclusions

Spars of the supporting systems of lifting and transport gantry machines should be made of
closed-type profiles, as this allows to increase the critical speed of the machine. Cross-beams of the
supporting systems of lifting and transport gantry machines should be designed from open-type pro-
files in order to reduce the torsional rigidity of the supporting system. The open profiles of the cross
members of the supporting system must be optimized not only according to the criterion of minimum
torsional rigidity, but also according to the condition of bending strength.
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