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FREQUENCY ASPECT OF THE SELECTION OF PARAMETERS OF ELEMENTS
OF PORTAL SYSTEMS OF LIFT AND TRANSPORT MACHINES

YACTOTHUI ACIIEKT BUBOPY ITAPAMETPIB EJIEMEHTIB IIOPTAJIbHUX
CUCTEM HNIJTMOMHO-TPAHCIIOPTHHUX MAIIIAH

The article presents theoretical studies of loads on the load-bearing elements of a gantry lift-
ing and transporting machine on pneumatic wheels when it moves along uneven paths. Analytical de-
pendences of natural circular frequencies of the supporting system of the gantry machine under the
condition of transverse oscillations during the moment fastening of the lifting rods were obtained. The
given technique for determining the range of permissible velocities of the gantry machine during its
disturbed motion provides an opportunity to influence the natural frequencies of the system by making
changes in the torque characteristics of the main power elements of the structure.

Keywords: element, carrier system, circular frequency, structure, machine.

Koncmpyxyii nopmanvnoeo muny xapaxmepHa HaASA6HICMb 8eIUKUX OVOIGENbHUX BUCOM, pO32a-
JIYJHCEHA NPOCMOPOBA CIMPUNCHBOBA KOHCMPYKYIsl, 00820 MIDHUX HECYUUX eNeMenmie, PO3ZHeCeHUxX Mac,
AKI npU pyci N0 HePIBHOCMSX 00Pie MOJCYMb YUHUMU CKIAOHI KoausanHs. Tlpupoonum oas maxoi cu-
cmeMuy € iCHYBaHHs Pe30HAHCHUX 30H, 0e aMNIImyOu GUMYWEHUX KOJIUBAHb PI3KO 3pOCMAOmy, CIMEo-
ProiouU nepedymMosi 00 PYUHYBAHHS HeCyuux eremenmie. Taxoc HeoOXiOHo 6paxo8ysamu, wo 6 Hecy-
4itl cucmemi NIOUOMHO-MPAHCHOPMHUX MAWUH NOPMATLHO20 MUny 00 3a2aibHOi KAPMUHU HABAH-
maoicenus i deghopmayii 0ooacmvcs cneyudivna ocooausicms, no8's3ana 3 HAGHICMIO 8EAUKOL 30Ce-
peoddicenoi macu y eueisioi NIOOOHY 3 BAHMANCEM HA 0082UX BAHMANCONIOUOMHUX WMAH2AX, KOHMel-
Hepa i m.n.

Y cmammi  nagedeni meopemuuni 0OCHIONCEHHS HABAHMAICEHb HECYUUX eNleMeHmi8 Nop-
MANbHOI RIOUOMHO-MPAHCHOPMHOI MAWUHU HA NHEBMOKOIICHOMY X00i npu ii pyci no HepisHoCcmAM
winaxie. Ompumani aHALIMUYHI 3a1€HCHOCTIE BIACHUX KPY2OGUX YACMOM HeCy4oi cucmemuy nopmanib-
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HOI' MQWIUHU 3 YMOGU NONEPEYHUX KOAUBAHHAX NPU MOMEHMHOMY KPINAEHHI 8AHMANCONIOUOMHUX
wmane. Hasedena memoouxa eusHayeHHs O0IanNAa3oHy NPunycmumux weuoKocmeu pyxy nopmanbHoi
MawuHy npu it 30ypeHomy pyci 0a€ MONCIUBICIb 6NAUBANU HA 6IACHT YACMOMU CUCEMU ULIAXOM
BHECEHHS 3MIH ) HCOPCMKICHI XapaKmepucmuKyu OCHOBHUX CUTIOBUX eleMeHmi8 KOHCMPYKYII.

Po3pobnena y cmammi memoouxa no SUHAYEHHIO HCOPCMKICHUX XAPAKMEPUCIIUK CUTOBUX
eleMeHmie  KOHCmpYKyii 0036018€ we Ha cmaodii NPOEKMYB8AHHA NOPMANbHUX  NIOUOMHO-
MPAHCROPMHUX MAWUH OMPUMYBAMU ONMUMANbHI 2eOMEMPUYHI NApamempu eleMeHmie Hecyyoi
cucmemu, a MaKolc HeOONYWeHHs Npu eKCniyamayii NOPMATbHUX MAWUH 6X00y GIACHUX KPY2OBUX
4ACTNOM Y PE3OHAHCHY 30HY, WO MOdice npusecmu 00 PYUHY8aAHH.

Kaniouosi cnosa: enemenm, necyua cucmema, Kpy2oea 4acmoma, KOHCIMPYKYis, MAuuHa.

Problem’s Formulation
The structural features of the load-bearing systems of portal lifting and transport machines on
pneumatic wheels include the fact that during their disturbed movement, the main loads are worked
out by longitudinal power elements, i.e. spars, which for this reason are made of closed-type profiles.
Transverse power elements during disturbed movement of the gantry machine perceive auxiliary
loads, and therefore such frame systems work well for bending and work poorly for twisting loads.
Analysis of recent research and publications

On the basis of research [1], an algorithm for the design calculation of bearing systems of
gantry machines was developed, which took into account six calculation cases, as well as some of their
combinations. The design methods of gantry machines [2,3] provide recommendations for the geome-
tric parameters of the bearing elements of the gantry frames, but some frequency characteristics, which
are based on the types of fastening of power elements, were not taken into account.

Taking into account that the stiffness characteristics, no less than the strength of the ele-
ments, affect the load-bearing capacity of the lifting and transport gantry machine, it is necessary to
pay special attention to its own frequency loads when performing design work. This was partially tak-
en into account in works [4,5], but no analytical dependences of the movement speeds of the gantry
machine were obtained, which make it possible to influence the natural frequencies of the system by
making changes in the stiffness characteristics of the main power elements of the structure.

Formulation of the study purpose

Based on the above overview, when designing the frames of gantry machines, the important
task of obtaining rational geometric parameters of the load-bearing elements arises. The purpose of
this work is to determine the natural circular frequencies that influence the formation of loads on the
supporting system and, in turn, constitute an essential stage of the design calculation of the frames of
gantry machines.

Presenting main material

Fig. 1 shows the diagram of the support system of the portal lifting and transport machine on
pneumatic wheels. This bearing system is a flat-space frame system, the characteristic feature of which
is that the main loads are taken by longitudinal or spars. At the same time, auxiliary loads are per-
ceived by transverse force elements. These flat-space frame systems work well for bending, but do not
tolerate torsional loads [6,7].

We accept the following generalized coordinates: x; i ¢, — the horizontal coordinate of the
frame and the angle of rotation of the lifting rods, respectively. Then the cargo coordinates take the
following form:

Xo = LrSin(pl—Xl, (1)
Y2 =Ly (1-cosey). 2
And expressions of kinetic and potential energies are written as follows:
1 2 1 . -
T za(mk +my i +Emr|—%(l)12 — MLy @1%C0S @y ; ©)
P=mgL(L-cosey), (4)

where m — is the weight of the supporting structure, kg; m, — weight of cargo, kg.
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Fig. 1. Calculation diagram of the supporting system of the portal machine: 1 — suspension;
2 — rack; 3 — lifting bar; 4 — frame spar; 5 — cargo

Fig. 2. Calculation scheme of the supporting system of the gantry machine in a disturbed posi-
tion during torsional oscillations

The calculation scheme for the moment fastening of the lifting rods of the load-bearing system
in the disturbed position is presented in fig. 2. As generalized coordinates, we take 6 and 6; — the an-
gle of rotation of the frame in the horizontal plane and the load, respectively. Then the expressions of
kinetic and potential energies take the following form [8]:
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1 21 .2,
1 2 2,1 V2
P=>Cyl% +Eca(a1 a), (6)

where C, — coefficient of torsional rigidity, reduced to the area of load-lifting rods, Nm.

By performing actions according to the scheme of the Lagrange equation of the second kind,
we obtain a system of equations that describe torsional oscillations:

Iy +(Ce L2 +Cy o —C ey =0; %
erd1+CaOl1—CaOl =0. (8)
We use the system of equations (7) and (8) to obtain the corresponding frequency equation:
2
JkyJW(a)z) —(CaJky +Cudyy +CtZL2JW)m2 +C,CyL? =0. 9)
Enter the notation:
A = Jkydry; (10)
24 .
Be =CqJdky +Codry +Cz L7 Jry; (11)
Cg=C,Cy L2, (12)
Taking into account notations (10)—(12), equation (9) takes the canonical form:
2
AG(a)Z) —Bgw? +Cg =0. (13)

And its solution:

o13 =\/(Ba ~[BE ~anqcs /ZAG ; (14)
014 =J(Ba ++[BE -angCs /ZAG , (15)

where a3 and @4 — natural circular frequencies of torsional vibrations of the supporting system dur-
ing moment fastening of lifting rods, 1/s.

In this way, the natural circular frequencies were obtained during the moment fastening of the
load-lifting rods. They are determined by formulas (14) and (15).

The main source of forced oscillations of the supporting system of the gantry machine is its
movement over uneven roads. In the case of axisymmetric frontal disturbances, oscillations in the lon-
gitudinal plane are excited, in the case of skew-symmetric disturbances, oscillations in the transverse
plane, as well as torsional oscillations. Forced oscillations are characterized by a dynamism coeffi-
cient, which in the case of the most complex oscillations and the absence of dissipative forces is re-
duced to the following expression [9]:

Ko =\ (16)
QZ
1- 2
j
where K, — dynamism factor; QO — circular frequency of disturbances, 1/s; e — natural circular fre-
quency, 1/s.
When the car is moving:
0-2. )
We receive:
V. = Iﬂi : (18)
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Ia)i \/g
V, =——. (19)
27 /3

It follows from expressions (18) and (19) that when V <V_, V > V,, the dynamism coefficient
will not exceed 1.5. Given that in our case i = 1,...,14, we can write the following condition that cha-
racterizes the safe operation of the structure in terms of frequency loading:

V+max <V SV—minv (20)
where V.max — the maximum speed value from among those obtained by formula (19) at i = 1,...,14,
m/s; V_min — the minimum speed value from among those obtained by formula (18) ati=1,...,14, m/s.

If the frequency load as a calculation case plays a very important role in the formation of loads
on the supporting system of the portal type, then the determination of natural frequencies is a core part
of the design calculation [10]. For this purpose, 14 natural frequencies are allocated, which are based
on different schemes, in particular, on the type of fastening of power elements. For practical purposes,
this division is to some extent conditional, because the real fastening conditions are between a rigid
embedment and a hinge. The corresponding analytical expressions, written as an algorithm for calcu-
lating natural circular frequencies, have the following form:

Mg —Mp)g .
S Ak S L 21
2] ,/i karj (21)

4C,

Wy = |[———; (22)
My +m,
C
Ce zt—Cn, (23)
Ct + Cn

where C, — equivalent stiffness of an elastic suspension, N/m; C, — radial stiffness of the wheel tire,
N/m; C, — stiffness of the elastic element of the suspension, N/m.

2
05 z\/Bl_\/Bl -4ACy : (24)

2A
By +yBf —4AC
2M
where
Alz(‘]k+‘]r+mkh02k+mrH2)mr|—$_mr2L%H2; (26)
B, =(Jk +Jp +mgh3 +mH 2}nrgLr +(CeL2 —m,gH }anZ; @7)
Cy= (Ce L? - mygH }nrgl-r : (28)
B, —\BZ —4A,C
w5 = |22 22 (29)
2A,
By +4y/BS —4A,C)
2A,
where
Ao =0y +3; +mehZn, (31)
2 .
BZZ(‘]k+Jr+mkh¢:2kx+(CeL2+Cx(H_Lr) }‘ﬂr, (32)
Cy =12E3,,C, /[BEI,, + 13C,); (33)

C, =C,C,L2. (34)
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2
w7:JB3—VB3—4&ﬁ3. (35)

2
_|Bg+4/BF —4AC;
2
where
A3=(‘]k9+‘]l’9 +mkh§k +mrH2}nl’L3_m|?L%H2; (37)
&3=@k0+3r0+”mh&'*mrHZ%NgLr+k%Lﬁ_””gH}nH}; (38)
Cs Z(Cel-ﬁ _mrgH)mrgLr- (39)
By — /B2 —4A,C
g = 4 44, (40)
2A,
By ++BZ —4A,C,
_ , 41
@10 ‘J 28, (41)
where
A4=@k9+3m44wh§%r; (42)
2 2 2
B4=(Jk9+3r9+mkhc)cz+(Ce|_k+CZ(H—Lr) }nr, (43)
where
Jyr 39(L-L
C, =12EJ,,Cy, [SEJ o +L3C, (1+ w 39(L-Ls )B; (44)
‘]x5 I-r
C4=C,Col2. (45)
[o2
_ |Bs —yBs —4AsCs | 16
As
[52
B BS + BS —4A5C5 47
As
where
Bg =m, g(L3 + 12 )J oy JALr + (Ctz 12+mg(2 +12 )/4|_r}1ry; (49)
Cs = mrg(l-g + L?ktz L2/4Lr , (50)
[52
_ B —VBs —4AsCq 51
As
Bg ++ B2 —4A¢Cq
014 =\/ > , (52)
A
where

Bg =CqJky +CoJpy +Cpr L3 (54)

ry»
where
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2 p—
c, - 3Byls /(1 Inr 39Ls(L-Ls) ; (55)
L:’r) Jks LL
Cg=C,Cy L2, (56)

Next, we present the method of determining the parameters of portal machines according to
the criterion frequency load.

With a known road profile, the ranges of permissible traffic speeds are determined from the
system of irregularities:

lon 5oy <1 g3
o6r o6r

|C()2 |C()2
—= <V <—= :
V15 <V < 23, (57)
o 15 <y <191 13,
T T
where | — length of the approximating sinusoid, m; @ — natural circular frequency (i = 1,...,14), 1/s;

V — the speed of the gantry machine, m/s.

In particular, if the obtained fields of permissible movement speeds turn out to be unacceptable
for a number of reasons, then there is an opportunity to influence the natural frequencies of the system by
introducing changes in the stiffness characteristics of the main power elements of the structure.

Conclusions

The frequency aspect of the selection of the parameters of the elements of the load-bearing
systems involves the determination of their own circular frequencies, which are based on various types
of fastening of the power elements. Analytical dependences of fourteen natural circular frequencies
obtained in the work, as well as the field of permissible speeds of movement allow to make changes in
the stiffness characteristics of the power elements of the structure at the stage of their design. The
above makes it possible to reduce the material capacity of gantry machine frames without reducing
their load-bearing properties and strength.
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