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Abstract. To ensure trouble-free operation and increase the reliability of cranes in the
calculations of structures and components of their working equipment, it is important to take into
account dynamic loads that are several times higher than static loads. Elements of dynamic loads in
the crane suspension are its elastic components (flexible traction organs) - ropes.

The method of determining the forces in the suspension of the load, the duration of the selection
of gaps (tension of the ropes) at the first stage, the speed of separation of the load from the base at
the second stage, the maximum force in the elastic element at the third stage makes it possible to
significantly simplify the solution of complex equations, to determine simple expressions and with
sufficient accuracy for practical calculations to determine their values.
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Introduction.

Loading and unloading operations are an integral part of the construction process.
To perform these works, for the most part, cranes of various types are used.

Cranes as lifting machines are widely used in construction to move goods and
install structures.

Scientific and technological progress, taking place in all countries of the world,
urgently requires an increase in productivity, lifting capacity and an increase in the
working speeds of lifting machines, which leads to a reduction in transient processes,
that is, to a decrease in the acceleration and braking time of machines.

All this leads to an increase in the intensity of the load-lifting machine, causes
additional efforts on all elements of the machine, which received the name in the
technique — external dynamic loads.

On the other hand, any machine has structural features of its kinematics,
deformability of flexible elements — all this in the process of the machine causes
oscillatory processes in the suspension of the load and refers to the phenomena — the

internal dynamics of the machine.
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For safe operation of cranes, it is important to take into account the magnitude of
all types of dynamic loads when calculating their structures and selecting components
[1,2].

Purpose of the study.

Develop a methodology for determining dynamic loads in the crane suspension
when lifting a load from a rigid base in order to simplify complex calculations and
determine simple expressions for practical calculations.

Presentation of the main material.

Consider the dynamic loads in the lifting mechanism when the load is on a rigid
basis when it 1s lifted [3].

When accelerating the lifting mechanism, when the load is on a rigid base, two
cases are distinguished:

1. Start the mechanism with elastic pick-up of the load.

2. Start with pick-up cargo.

Under the start with elastic pick-up is understood the case when the acceleration

of the mechanism begins with the load lowered on the support with the tension of the

ropes,i.e. 0< F <G

wan» Where F' —rope tension force; G, ,, — weight of cargo.
Under the launch with the pick-up of the load is understood the case when the
acceleration of the mechanism begins when the load is lowered on the support and the
ropes are weakened, i.e ' <0.
When lifting the load with pick-up, depending on the tension of the ropes, the type
of engine and starting system, two cases are considered:

the ropes can begin to stretch until the end of engine acceleration, i.e M ; <M,

ropes can begin to be stretched after full acceleration of the engine, i.e M ; =M,

, where M ; is the actual engine torque; M, — rated engine torque.

Dynamic loads in the second case are much higher than in the first.
When considering dynamic loads in the crane suspension during start-up with
pick-up, we first assume that the load is on a rigid base and consider the crane metal

structure to be absolutely rigid.
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The process of lifting "with pick-up" is considered as a phased [4]:
the first stage is the choice of gaps and tension of the ropes;

the second stage is a reference stage, when the force in the elastic element
increases to the value "G, " with a fixed mass ", ";

the third stage is the post-separation stage, which begins with the movement of
the mass " m, " torn from the support.

At the first stage, the gap «A» in this system is selected. During the first stage, the
mass «m» moves under the influence of a constant average starting force «P;», while

the gap «A» is selected (Fig. 1).

b

m
Y

Figure 1 - Diagram of the first stage with cargo pick-up

The equation of motion of the conducting mass, in the first stage, will be written:

mx =P
1711 1
Integrating twice, we get:
L P
x =[x dt=— 2
11 11 2em ;
0 1

with x = A get the duration of the first stage:
2m1 A

P ’
1

t =

where A — clearance or value of rope weakening.

Considering accelerated pick-up in the case when the driving force linearly
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depends on the speed of the driving mass, which is characteristic of the drives of cranes

with an asynchronous electric motor or a DC shunt motor. In the first approximation,
we can assume that the electric motor at all stages of picking up works on one artificial

characteristic (Fig. 2).

Figure 2 - Simplified artificial characteristic of the electric motor

Here M,, is the maximum engine torque, M — current value of engine torque, wx —
angular speed of engine idling, X; — current value of engine angular speed.
From the similarity of the triangles ABC and ADE, we write:
My, -M My, Mm_M_Mm Mm_Mm_M

X w o X X Wy’ X Wy X
| x T T X 1 X 7

multiplying by the current speed, " X," we get:
xl
M=M, -M,,—. M=M, -Bx
Wx b 1 b

where B=My, / W is the proportionality factor.

Consider the case when the gaps are chosen before the operator moves to the next
stage of the artificial characteristic of the engine, then the equation of motion in the

first stage, the mass «m» will be rewritten:
mx =My —Bx - mx +Bx =M,
1711 11° 1711 11 >

divide by «m» and integrate by «#», finally, we get [5]:
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mx +Bx =Myt
1711 11
— 1s a first order equation.

The characteristic equation of which:

kl = —B/m1 = const

In this case, the expression for moving the conductive mass «m;» will be:

x =4 exlt
1 12

+A4 t+ A4
1 13 14

att=0 x;;=0 and X1 =0,
get, 0= Alz = A14 1.€. Alz = -A14.
We differentiate this equation, find the coefficients «4>» and «44»:

i =4 n M4
11 12 1 13 °

The first stage ends with a complete selection of the gaps «A» in the system [5],
1.e
2

m w
Xy zAzﬁll—x(eklt —1)+th,

m

decomposing the function into a series (exponent e}”t )

2 n
Mt Mt
e?ult:“_?hﬂ_l_( 1) +--~+( 1)
1! 2! n!
. B _ Mm
where 1 m, wom,

leave the three terms of the decomposition of the equation and shortening,

determine the duration of the first stage:

M, t*
A=-w t+—"—+wt
2m, ’

from where, the duration of the clearance sampling (rope tension) at the first stage will

be:
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The second stage is a reference stage, when the force in the elastic element

increases to the value « Gy, with a fixed mass «mm» (Fig. 3).

wt —L T

Fi

wp —L=
s

Figure 3 - Diagram of the second stage of cargo lifting

For the initial condition at the second stage we accept, the final condition of the
first stage that is «m» — has initial speed, «x;1» — displacement is equal to zero, «F'»
— the force is equal to zero.

At the second stage, the elastic link begins to load to the value «G,z».

The differential equation of mass motion «m» will be written:

mx, =b—F,,

since [, =G, +c(X], —X3,), o’ =c/ m, , finally get:

.e 2 _ 2
m

b

where o — natural frequency of free oscillations of mass «m;», P, — driving force.
If we substitute the values of the force «Ff>»and the driving force «P,» into the

differential equation of motion, we get:

c M

. . M,
Xpp+—Xjp+—Xp, =—

m my m
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c
Since ® m the intrinsic frequency of mass oscillation «m»,
1
B M,
n= Ym 2m — coefficient characterizing the resistance of the medium, we
1 1"x

obtain a second-order differential equation:

} . 2 i

m

5

characteristic equation, will be:

m

c " c(h—2,)
+MmC+Mm}\’l e?\fzf
C(Kz—Kl)

M, wc+M, A\, eM

b

if n > o, then the roots of the characteristic equation are different and real.
In this case
x{, =D = const, X, =X, =0.
From the characteristic equation, then we find:

Do M, m, _ M
cm, c

m

Since the start of the second stage begins at the end of the first:
Xip = Ay + Ay, .

After the movement «x»>» reaches such a value that the force in the elastic element
becomes equal to the weight of the load «G,.,», the second stage ends with an equation
for determining the movement when the load is torn off the base with a duration «#»:
Mm + X1o€ +Mm}\‘2 67\‘15 +
L% M, M oMol

Xp =
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van __

_ Mm + xlzc +Mm7\,2 eA'IIZ n xlzc +Mm>\41 exztz .
¢ ¢ c(A=23) c(Ay —2y)

The third stage is the post-break stage, which begins with the movement of the
mass «mp», which is torn from the support.

At the third stage, both masses in the system have movement (Fig. 4).

R
X13
m
* F3

C

&)

=
oy

2

¢ Gvan

Figure 4 - Stage 3 Diagram

The differential equation of motion of both masses is written:
mX3 =Py — 15
m25623 = F3 o Gvan

During this period, the driving force «Ps» differs little from the value of the weight

of the cargo, therefore, in the first approximation, we can assume that P;= G,.

From the differential equation of motion, we find the acceleration values of both

masses.
G, —F
- “yan 3.
X13 = )
my
B-G
L van
Xo3 =
my

We differentiate twice the equation of elastic load and substitute the values of

mass acceleration:

F:)) = O)2F3 = Gvanﬂ)z.
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We obtain a linear inhomogeneous second-order differential equation with

ny +m2

w=,]¢ is the frequency of natural mass

constant coefficients, where
’ m;m,

oscillations in the post-break period.

The general solution of this equation will be written:

F, = Acoswt + Bsinot + F} ;

at the same time we accept:

F;=D=const, F;=F,=0.

Replacing these values in differential equation, we get:

Do?* = Gvancoz-
Final force in elastic element [5]:

cVoiar .
Fy=—Y sinwt+ G,y
o

where V. — IIBUAKICTb NEPIIOT MACH y MOMEHT BiIpUBY BaHTaxy Bijl onIopH [5].

g (CXiy + Myho)Mh ey | (Hip + Myh)hy sy
c(M —2y) c(Ay —4p)

Hence it follows that the force in the elastic element after the separation of the

c Vvidr N
Q)

load m, from the support fluctuates near the value «G,.,» with amplitude « »

and circular frequency «o» (Fig. 5).

F Fimax 3n/2m

/I .

o7 TN .
N \./

2n/m

Figure 5 - Graph of the force oscillation in the elastic element after the load is

detached from the support
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The maximum value of the force in the rope in the post-break period will be at

t = 1/2m, then:

c(mymy)

=G

d .
van vidr ml +m2

From this expression it follows that the dynamic maximum force in the elastic
element is directly proportional to its rigidity «c» and the speed of the load at the
moment of separation from the base.

In many cranes, the kinetic energy of the masses of the rotating mechanism is
many times greater than the kinetic energy of the nominal lifting weight, that is
m>>m,, especially in general-purpose cranes, in which m;=(10...20)m,. For such
mechanisms, it can be assumed that m;+m, = m;, and when picking up the load from
the support, the speed of the mass does not change [6, 7].

Then the maximum force in the elastic element:

:G Vldr‘\/ m; .

In fact, the value of the maximum force 1s somewhat less than the value obtained
from this equation. Nevertheless, the simplicity and clarity of the physical meaning of
this expression allow it to be used in preliminary practical calculations.

Conclusions.

The use of this technique allows you to determine simple expressions when
calculating the dynamic load in the crane suspension when lifting a load from a rigid
base with sufficient accuracy 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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Anomauia. HasanmasicyeanbHo-po36aHmanicy8aivui pooomu € Hegio €EMHOI0 CKIA0080I0
MeXHON02iuH020 npoyecy 0yOieHuymea. /[is 6UKOHAHHA YuUX podim 30e6inbuioco 3acmocosyioms
KpaHU pI3HUX MUNIs.

s 3a6e3neuenns 6ezasapitinoi pobomu i nio8uwjeHHs: HAJIIHOCMI KPAHI8 NPU PO3PAXYHKAX
KOHCMPYKYIU | KOMNIEKMYIOUUX eneMeHmié ix pobouoeo 001AOHAHHA BANCIUBO 6PAX08Y8aAmu
OUHAMIYHI HABAHMANCEHHS, SIKI 68 OeKilbKa pa3ie nepesuwiylomsv CMamuyHi HAGAHMAICEHHS.
Enemenmamu ounamiunux nasanmasicenv 8 nioGicyi Kpama € 1o2o NPYAHCHI CKIA006I (2HYYKI ma208i
OpeaHu) — KaHamu.

Poszenanymo npoyec nioiimanua 6anmasicy 3 HcOpCmKoi OCHOBU 3 11020 NIOXONNEHHAM, AKULL
PO30INAEMbCA HA MpU emanu. nepwiuti - ubip 3a30pie i Hamse Kanamis, opyeutli — 008i0pusHa
cmaoisn niOIUMAHHs 8AHMAICY, MPemill - NICIABIOPUBHA CMAOI NIOTUMAHHS 6AHMAILC).

s xodcHo20 emany nputiHami NOYAMKOBL YMOBU, CKIAOeHI OuhepeHyianvui piHAHHS PYXy
BAHMADICIB, HABEOEHO IX PO38’A30K 3 YPAXYBAHHAM 6A2amvboX YUHHUKIE [ @ueedeHi eupasu 0.
BU3HAYEHHSL 3YCUTb 8 NIOGICYI BAHMAICY, MPUBALOCIE BUOOPY 3A30pi6 (Hams2cy KaAHamie) Ha NePuLoMy
emani, wWBUOKOCMI 8IOPUBY 8AHMAIICY BI0 OCHOBU HA OPY2OMY emani, MAKCUMAIbHO20 3VCUILISA 8
NPYICHOMY e/leMenmi Ha mpemvboMm) emani.

ISSN 2663-5712 146 www.sworldjournal.com


https://www.infona.pl/contributor/0@bwmeta1.element.elsevier-addaf805-abb2-3f5c-bfb7-a4c2e45fbe34/tab/publications
https://www.infona.pl/contributor/1@bwmeta1.element.elsevier-addaf805-abb2-3f5c-bfb7-a4c2e45fbe34/tab/publications
https://www.infona.pl/contributor/2@bwmeta1.element.elsevier-addaf805-abb2-3f5c-bfb7-a4c2e45fbe34/tab/publications
https://www.infona.pl/resource/bwmeta1.element.elsevier-3b369baa-45ac-3c22-acff-f3dfceca8eaf/tab/jContent/facet?field=%5ejournalYear&value=%5e_02006
https://www.infona.pl/resource/bwmeta1.element.elsevier-3b369baa-45ac-3c22-acff-f3dfceca8eaf/tab/jContent/facet?field=%5ejournalYear%5ejournalVolume&value=%5e_02006%5e_00043
https://www.infona.pl/resource/bwmeta1.element.elsevier-3b369baa-45ac-3c22-acff-f3dfceca8eaf/tab/jContent/facet?field=%5ejournalYear%5ejournalVolume%5ejournalNumber&value=%5e_02006%5e_00043%5e_00002
http://dx.doi.org/10.1006/jsvi.2000.3375
https://doi.org/10.1016/j.proeng.2011.08.1128

SWorldJournal Issue 35 / Part 2 }%\j

L

Haeseoena 6 pobomi memoouxa euznauerHs 3yCUlb 8 NIOBICYL BAHMAICY, MPUBATOCMI 8UOODY
3a30pis (Hamsey Kanamie) Ha NepuoMy emani, WEUOKOCMI 8i0pPUBY BAHMAICY BIO OCHOBU HA OPY2OMY
emani, MaKCUMANbHO20 3YCUNLISA 68 NPYHCHOMY elleMeHmi HA mpemvoMy emani 00360J1€ 3HAYHO
CHpOCMUMU PO38 A3aHHA CKIAOHUX DIGHAMb, GUHAYUMU NPOCMI 6UpPA3U i 3 00OCMAMHLOI0 0/
NPAKMUYHUX PO3PAXYHKIE MOYHICMIO GUHAYAMU IX GETUYUHU.

Kniouogi cnoea:. kpam, mexanism, HaBAHMANCEHHS, MOMEHM, 3YCUILIIAL.
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