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Abstract. To ensure trouble-free operation and improve the reliability of cranes when
calculating the structures and components of their working equipment, it is important to take into
account dynamic loads that are several times higher than static loads. Due to the fact that the
lifting mechanism consists of a large number of elastic elements, the assembly and solution of
equations for determining these coefficients is difficult. In order to simplify the equations and these
calculations, the given calculation scheme according to which the remaining elements of the
mechanism are brought to its first element (engine) is recommended. This allows you to greatly
simplify the equation for solving and determine the values of the elasticity factors or stiffness of the
elements of the dynamic loads of the crane lifting mechanism.

The method of determining the coefficients of elasticity and rigidity of elements of dynamic
loads, moments of inertia, durations of acceleration and braking of the load lifting mechanism
allows to significantly simplify the solution of complex equations and determine their values with
sufficient accuracy.

Keywords:. crane, mechanism, indicator, element, load, moment.

Introduction.

Loading and unloading works are an integral part of the technological process of
construction. Cranes of different types are mainly used to perform these works [1].

Cranes as lifting machines are widely used in construction for the movement of
goods and installation of structures.

The scientific and technological progress taking place in all countries of the
world strongly requires an increase in productivity, load lifting and an increase in the
working speeds of lifting machines, which leads to a reduction in transients, that is, to
a decrease in the time of acceleration and braking of machines.

All this leads to an increase in the intensity of the load-lifting machine, causes
additional forces on all elements of the machine, received in the technique the name -

external dynamic loads [2].
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On the other hand, any machine has structural features of its kinematics,
deviations in the size of individual parts within the established tolerance, clearance in
gear gears and couplings, deformability of the system - all this causes vibrational
processes in the machine transmission and refers to phenomena - internal dynamics
of the machine.

For safe operation of cranes, it is important to take into account the value of all
types of dynamic loads operating when calculating their structures and selecting
component elements [3].

Therefore, at present, the actual problem is the development of a technique for
determining dynamic loads in the mechanism of lifting the cargo of cranes in case of
lack of movement in order to simplify complex calculations.

Dynamic load diagrams of crane load lifting mechanism.

Many researchers have set and solved problems of dynamic analysis and
synthesis of modes of movement of the cargo lifting mechanism. In their work, they
used systems with concentrated and distributed parameters (crane bridge, rope) [4, 5].

Dependencies were given to determine the inertial loads in the mechanisms of
self-propelled cranes when lifting (lowering) the load, turning the boom with the
load, lifting (lowering) the boom and combinations of these movements [6, 7].

Dynamic loads were also considered in the rotary movement of the tower crane
with a load that causes the spatial movement of the pendulum. For this purpose
nonlinear mathematical models of load oscillation during turning motion were
formulated, nonlinearity of rocking motion at large angles and nonlinearity of power
transmission were taken into account [8, 9].

In all the above works and publications, the method of determining dynamic
load indicators using the following schemes 1s not used.

In these schemes, any mechanism or any machine (Fig. 1) has elements or nodes
of massive or rigid bodies that move as a whole in the course of the transition
process. Such elements can be considered absolutely rigid bodies, and their entire
mass can be concentrated at a point coinciding with the center of weight of this
element or node.

Thus, the mechanism or machine consists of "point masses" which include:
transported cargo, rotating parts of the engine, brake pulley, drum, gear wheels, etc.

These "point masses" are connected by elastic elements — shafts, ropes and other
elements that determine, mainly, the deformation of the mechanism. These elastic
elements have a relatively small mass, compared to "point masses", so they can, in
the first approximation, be considered massless or absolutely elastic elements.

The elastic elements of the machine under its load are appropriately deformed.
The amount of this deformation of the element is taken into account by the
coefficient of elasticity or compliance.

The coefficient of elasticity or compliance is defined as the ratio of the value of
linear deformation or the angle of twist of this element to the value of the force or
torque acting on it:

5 kcr =, (1)
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where P — force causing linear deformation "y"; y — linear deformation; ¢ —
angular deformation; M — moment that causes angular deformation "@".
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Figure 1 - Elements of dynamic loads of the lifting mechanism

In practice, more often use the value of the inverse coefficient of elasticity,
which is called the stiffness coefficient.
The linear stiffness factor or linear stiffness is defined by:

P
Cr=—; 2)
y
angular or torsional stiffness:
M
c, =" 3)
¢

Thus, the design scheme can be represented by a number of "point masses"
connected by weightless absolutely elastic bonds. Figure 2 shows the design dynamic
diagram of the lifting mechanism [7].

C12 m, €23 Ms 4 Cy-5 Ms ¢ Co-7 m- C7-8 Mg

b4 >

my
Ji J J34 Js 6 J7 Js

Figure 2 - Estimated dynamic scheme of the lifting mechanism

It follows from the analysis of this design scheme that if you take into account
all the elements of the machine in the design scheme, then the scheme is very
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difficult, and the definition of dynamic loads is an intractable task. Therefore, in
order to study dynamic processes in a mechanism or machine, it is advisable to use
the so-called given calculation schemes that reflect the actual operation of the
mechanism or machine and allow non-difficult decisions to obtain and analyze
dynamic loads.

To illustrate the dynamic action of individual masses, depending on the task,
they are led to some one elastic link located on one elastic link. Due to the fact that
each mechanism has both rotating and progressively moving masses, two design
drive schemes are possible.

If the drive is made to a certain shaft of the mechanism, then the given scheme
of rotational motion is applied (Fig. 3).

M, C.
J1 = J'z

M,

Figure 3 - The scheme of rotational motion is given

If the adjustment is made to the translational moving elastic element - rope,
chain, rod, then the given scheme of translational stroke is applied (Fig. 4).

P ( 74

—~— m'7 mg p——

Figure 4 - The scheme of the translational propulsion elastic element is given

Let's say that we bring the weight of the load "m7," then the mass "m;" and the
stiffness of the suspension "c;5" remain unchanged, the weight and stiffness of all
rotating shafts and parts will have the reduced value:

i=7
m'y =my + 32 m;p, . 4)
i=l1

When brought to the rotary motion scheme, it is allowed that the drive is carried
out to the engine shaft, then the moment of inertia of the engine shaft remains
unchanged, the moment of inertia of all the rotating shafts and parts has the reduced
value:

i=8
]:]1+]'2:[1+Z]i,b7" (5)
i=2
where / — total moment of inertia, /;, /', — moments of inertia respectively of the
engine shaft and given all rotating parts and shafts of the circuit.

For example, consider the definition of moments in the given scheme of

rotational motion:

T n
M,-M_ =le+l'ye=e(l{+1'5)=— U, +1'y)=—FU,+1'5), (6
d s =1 2 (L;+1') 3Ot(1 2) 955t(1 2), (6)

o 2 o
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where M ;, M, — moments of engine driving forces and static resistance forces

respectively; € — average angular acceleration; 7, — engine acceleration time; n —

engine shaft rotation speed.
From where we will find the duration of acceleration 7, and braking of the

engine f:
— n(ll + 1’2 ) . (7)
° 955(M, F¥M,)’
n(d; +1%) )

b= ’
955(M ;M)
where the sign "+" — when braking on the rise and acceleration on the descent, the

sign "-" — when braking on the descent and acceleration on the rise.
Write the equation for the second scheme - reduced to a translational move

(Fig. 4):
P—-W =(mg +m'7)tK; 9)

o

where V' — cargo lifting speed.
Where will we find the duration of acceleration f, and braking of the engine?,,:

_(mg+m'y )V - (mg+m'q )V

1
T PEW T Pixw o

Thus, the calculated shown rotational motion and translational stroke schemes
are the same in terms of both the volume of the calculated work and the consequences
of the calculation, although the translational stroke scheme is more apparent than the
rotational motion.

The parameters characterizing the inertial properties of the dynamic parts of the
mechanisms are the masses at translational motion or moments of inertia (flywheels)
at rotational motion. Bringing the moving concentrated masses of the mechanism to a
certain shaft is carried out on the basis of the constant kinetic energy of the

mechanism £, before and after the reduction, taking into account the energy losses

from the friction forces £ f> which are proportional to the inertial forces:
Ebr:Em+Eﬁ“ (11)

On the basis of the law of energy conservation, the moment of inertia of the
mechanism masses is brought to the engine shaft during start-up consists of several
rotating masses and progressively moving:

2 2 2 2 2 2
Lyyoi _ Loy Loy Loy o 1,0, +mV (12)
2 2 ny 2y MMMy 2Ny,
2 2

where £ =1 (07 — kinetic energy of rotating masses; £'= mV_ — kinetic energy of
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translational moving masses.

0)2 @
Dividing by —L and considering that —1 = uy; we get:
2 ®y
2 2 2 2
I,o L0 I o mV
Ly =h+22+ 234 4y — (13)
OMp oMMz OrMmM2--Ny, O My
2
1 1 m(V
Ib},211+122—+13T+...+—(—} N (14)
um ujuz; MM Nm \ @1

where /; — moment of inertia of all rotating masses of the drive located on the first
shaft of the engine; /,, /3 etc. — moments of inertia of rotating masses of the drive

located on the second, and, accordingly, subsequent shafts of the drive; u;, u, etc. —

transfer numbers of the first and subsequent gears; m — weight of progressively
moving drive elements (cargo, trolley, crane, etc.); V' — speed of mass motion "m";

| = ®; — angular speed of engine rotor rotation.

Since in these expressions the terms taking into account the moments of inertia
of masses on the shafts 2, 3, etc. contain the squares of the ratios in the denominator,
the influence of these terms compared to the moment of inertia of masses located on

the high-speed shaft of the engine "/;" is relatively small. Therefore, when

determining the reduced moments of inertia of the crane mechanisms, the moments of
inertia of masses of slow-moving rotating shafts are taken into account by
multiplying the moments of inertia of masses located on the fast shaft by the
coefficient "¢ " equal to:

Iy, =+ 1, 21 +13— 1 +..+1, 1

2 2.2 2
urm U ua M2 Uty ..uyMMN2--Ny
Then the equation takes the form:
2 2
D
Ibr:c]1++ﬂ(£\ _ mD7)  m (KW
N kCOl) 4 N \(Dl)

where (mlDZ) — is the flywheel moment of all rotating masses located on the engine

shaft.
Let's define the given moments of inertia:
for acceleration period - power mode

)x(L1+1,2). (15)

2
, (16)

o) 2
Iy —emPD m (V) (17)
4 L Kml )
for braking period — braking mode
2
2
]b,,:cM+mnm y. : (18)
©

ISSN 2567-5273 8 www.moderntechno.de



Modern engineering and innovative technologies Issue 22 / Part 1

Consider the reduced moment of inertia of masses to the drum for the lifting
D, ny _ Ty
i, 60 30
v _Dy0,30 _ Dy, ,
upu, 60 2u,u,m,

mechanism. If V. =

(19)

where D, — drum diameter; 1, — engine shaft speed; u , — multiplicity of polyspast;

p
u, — gear gear ratio; ; — angular speed of engine rotor; 1, — efficiency of load

lifting mechanism.
In this case, the given moment of inertia in the power mode will be recorded:

2
:C(mlD )_|_ QRd . (20)

5

Ibr
2 2
4 upurnc

in braking mode:

(mD*) ORM
]br:C 14 + uzc;zc, (21)
prr

where () — weight of cargo.

Thus, the reduction of the moment of inertia of the masses is carried out through
the squares of the radius of the drum, the gear ratio and the efficiency factor of the
mechanism in the first stage. Moreover, the gear ratio and efficiency in the power
mode are in one line, and in the braking mode in different lines.

In dynamic calculations, the forces in the ropes of lifting mechanisms lead to the
direction of translational movement of the load. Forming the equation of energy
equality, we get the expression of the mass of the load lifting mechanism reduced to
this direction:

V2 V2 031211
mbrjczmc?c+clbr 20 : (22)
P2
dividing by, "7‘7" we get:
2
™
My, = mg +cly| | M. (23)

C

Substituting the values "®;" and, "V/." we get the expression:

g 60u,u M, 2 u‘rzu;nc
my,. =m, +cly Ne =m +cly—>—. (24)
3OTEDd7’ld Rd

This expression for force mode will be written:
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My, =
for braking mode:
2 2.2
my D ) u,u
mbr=Q+c( = F (26)
4 Rdnc

Thus, the weight of the load is also driven through the squares of the radius of
the drum, the gear ratio and the efficiency of the mechanism in the first stage.

The main elastic elements of hoisting machines are shafts, ropes, elastic
couplings, beams, arrows, etc. The rigidity of gear gears, splice joints and tongue
joints is taken into account in the refined calculations.

The problem of stiffening elastic elements arises usually in the case when it is
necessary to take into account the elasticity of several elements of the mechanism.

Stiffening is performed so that the potential energy of the reduced system is
equal to the potential energy of the real elastic system, taking into account the
available friction losses.

Consider a system with stiffness "¢;" and "c¢," (Fig. 5, a), which must be
brought to stiffness "¢, " system (Fig. 5, b).
The potential energy of elastic deformation is defined by:

linear
Czy2
B = ; (27)
T2
angular
C ([)2
P, =% (28)
2
| o G, M
but since the stiffness is linear ¢; = — and the angular ¢, =—, then finally the
Y ¢
potential energy will be determined:
G y2
b =——; (29)
T2
Mo
P k= 7 (3 O)
In this system, the drive is carried out to the first shaft M. = M.
The given potential energy is:
P
B, =B +-=, (31)
m

where M; — the efficiency factor taking into account the operation of friction forces
of inertial masses in the power mode.
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C1
Ji Xul 7 Kipy:

2
(&)

J J3

a b
Figure 5 - The scheme of reduction of system with rigidity:
a — the initial scheme; b — the given scheme

Substituting the value of the potential angular energy, we get:
p Mo Myey, Mg, M9y _ Mi(¢+ue;)
T2 o, 2 on, 2

where @ and @, — angles of shafts twisting under action of moments applied to

. (32

them; u; — gear gear transfer number (Fig. 5).
On the other hand, the potential energy of the given system is:

Pb — Mbr(Pbr Ml(pbr

= : (33)
’ 2 2
Equating the expressions (32) and (33) to find the reduced twist angle " ¢, ":
Opr = @1 TUIP3. (34)
Finally, the reduced stiffness will be:
M,
Cpr =— . (35)
¢ T U9y
Stiftness "¢, " will be determined:
Mu
¢, =1 1M , (36)
)
from where
Mum
@, = — 1 (37)
)
Converting, we get:
c10;  Mun cc
Cbr:11+ lllulz 122 , (38)
¢ &) Cy T UM
or
2
—— = ket +kepuimy, (39)
Chr

where k. =1/c, k

2 =1/cy — coefficients of steep rigidity or elasticity of
shafts.
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The reduced elasticity or compliance of the element in the power mode is equal

to:
2
kcr br — kcrl + kcr2u1 N5 (40)
in braking mode:
2
U
kcr br — kcrl + kcr2 T]_ . (41)
1

Thus, the coefficient of stiffness or elasticity, as well as the moment of inertia, is
driven by a square of the ratio between the shafts and the efficiency in the first stage.

For example, we find the stiffness of the rope polyspast brought to the shaft of
the engine of the load lifting mechanism.

Potential energy of cargo suspension is equal to:

G
P =<, (42)
2n
where G, — the weight of the moving cargo; y — flexible movement of cargo
(deformation of polyspast ropes).

Determine the stiffness of the rope with a length "/™:

=" .

where P. — the potential energy of the rope; F, — the pulling force of the rope, and
stiffness of cargo suspension:

¢, =G.cy. (44)

Bringing the load rope suspension stiffness to the shaft of the engine can be

found on the condition of equality of the potential energy of the cargo suspension and
the reduced system:

G M
Cy — I(Pbl" , ( 45)
2n 2
from where
Gey
Ppr = , (46)
Min
then, the load suspension stiffness brought to the engine shaft will be determined:
2
M R 1
Cor = —L= Cch —4 e (47)
Ppr up n

Thus, the transformation of the tensile stiffness factor into the torsion stiffness
factor is carried out by means of the squares of the drum radius and the multiplicity
of the polyspast and the efficiency factor of the suspension in the first stage.

Conclusions.

Application of the above method using the above diagrams allows to determine
the dynamic load indicators of the crane load lifting mechanism with a lower

ISSN 2567-5273 12 www.moderntechno.de

Y



Modern engineering and innovative technologies Issue 22 / Part 1 é

difficulty in solving equations and accuracy sufficient for practice. This simplifies
calculations and reduces their duration.

In the future, it is necessary to develop programs to perform these calculations
using computers.
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Anomauin. /[na 3a0e3neuenns 6e3asapitinoi pooomu i nio8uweHHs HAOIUHOCMI KpaHie npu
PO3DAXYHKAX KOHCMPYKYIU 1 KOMNJIEKMYIYUX eieMeHmié ix pobouyo2co 0ONAOHAHHA BANHCIUBO
epaxoeysamu OUHAMIYHI HABAHMANCEHHS, SKI 8 OeKLIbKa paszié nepesuuyioms Cmamuiui
HAB8AHMAdICeHHs. V 36°3Ky 3 muM, Wo MexaHizm NiOitiMaHHL 8AHMANCY CKIAOAEMbCI 3 8ENUKOT
KIIbKOCMI  NPYICHUX eleMeHmi8, CKIA0aHHs [ pO38 S3aHHsA PIGHAHb Ol BUSHAYEHHS UYUX
Koeghiyienmie CmMaHoOBUMbC CKAAOHUM 3AB80AHHAM. 3 Memow CHPOWEHHs DI6HAHb | Yux
PO3DAXYHKIE 8 pobOmi pPeKOMEeHO08aHA NPUBeOeHd cXema PO3PAXYHKIE 3a AKOW peuma 6cCix
eleMeHmi6 MexXanizmy npueoosimvbCs 00 nNepuioco toco eremenmy (osucyna). Lle 0o3eonsne 3HauHo
CHpOCMUMU PIHAHHA Ol PO36 SI3AHHA MA BUHAYAMU GeIUYUHU KoepiyicHmie npysicHocmi abo
AHCOPCMKOCMI eJleMeHMi8 OUHAMIYHUX HABAHMANCEHb MEXAHIZMY NIOTUMAHHS BAHMANCY KDAHIE.

Haseoena 6 pobomi memoouxa 6usHayeHHs KOepIYieHmie NPYHCHOCMI Ma HCOPCMKOCHI
e/leMenmi6 OUHAMIYHUX HABAHMANCEHb, MOMEHMIE iHepyii, mpusaiocmell po32oHy ma 2aabMy8aHHs
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MeXauizmMy NIOTUMAHHS 6AHMANCY O0360JIAE 3HAYHO CNPOCMUMU PO38 SI3AHHA CKIAOHUX DIBHAHD I 3
00CMamHbOI0 MOYHICMIO GUSHAYAMU iX BETUYUHU.
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