Machinery & Energetics. Journal of Rural Production Research. Kyiv. Ukraine. 2020, Vol. 11, No 1, 115-119
ISSN 2663-1334 (print), ISSN 2663-1342 (online), www.journals.nubip.edu.ua/index.php/Tekhnica

UDC 693.546

DOI: 10.31548/machenergy.2020.01.115-119

DISCRETE-CONTINUAL MODEL TO ANALYZE AND OPTIMIZE (MINIMIZE) DYNAMIC LOADS
IN ELASTIC ELEMENTS/ROPES FOR LIFTING EQUIPMENT

Yu. V. Chovnyuk, I. M. Sivak

National University of Life and Environmental Sciences of Ukraine. Ukraine

Speciality of article: 133 — industry engineering.

Corresponding authors: ychovnyuk@ukr.net.

Article history: Received — October 2019, Accepted — January 2020.

Bibl. 11, fig. 1, tabl. 3.

Abstract. The discrete-continuum model for analysis
and its optimization (minimization) of dynamic loads in
elastic elements (ropes) of load-lifting machines is
substantiated.

The influence of distributed and lumped parameters
of elastic elements on the magnitude of the dynamic loads
in them on the sections of transition processes (descent,
inhibition, reversal of motion) is determined.

The proposed criterion of the quality of movement of
the lifting mechanism of the crane, which minimizes the
coefficient of dynamism in the ropes, as well as the laws
of the movement of cargo, in which these criteria of
optimization of dynamic loads and elastic elements are
implemented, are established.

For determination of dynamic loads in an elastic
element, for example, in a rope a two-mass model of a
discrete type (with lumped parameters) is used, with the
help of possible reactions in the motion of the drive
mechanism with the drum at the descent, the reaction of
motion with constant acceleration is used which
minimizes the value of the driving moment drive, linear
motion reaction acceleration, which minimizes the
dynamic component of the drive power, reaction of
motion with change of acceleration of the third order, the
reaction of motion with the change of acceleration in its
curve of the fifth order.

Key words: continuity,  model,
optimization, minimization, dynamics, loads,
elements, ropes, hoisting machines, cranes.
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Introduction

The performance and reliability of hoisting
machines, precision and performance of different types of
jobs: unloading, loading, transport and other — essentially
depends on the dynamic loads in elastic elements of
flexible working, drive and hardware. The values of these
loads depends on the area of movement of lifting
machinery or its mechanism.

Formulation of problem

The most dynamic stresses occur in areas transients
(downhill braking movement).

One way to reduce these pressures on the drive
elements are resilient cranes lifting mechanisms is
necessary choices for their movements in areas transients.

Analysis of recent research results

In [1] showed that during braking during downhill
dynamic load factor in elastic elements of crane
mechanisms reaches 2.5 or more. In [1-4] the effect of
various reactions to dynamic traffic load in elastic
elements of lifting equipment for example lifting
mechanism. To determine the dynamic loads in the elastic
element, for example, used a rope dvomasova discrete
model type (with lumped parameters) diagram is
presented below in Fig. 1.

At the same time as possible reactions in motion
with a drum drive mechanism at the site of descent used
the following 4 [3, 4]: 1) reaction motion with constant
acceleration, which minimizes the value of the driving
time of the drive, 2) reaction movement with linear
acceleration change, which  minimizes dynamic
component power drive, 3) reaction to the change of
motion acceleration third order, 4) reaction to the change
of motion acceleration curve in his fifth order. It is the last
two reactions give a smooth change of motion
acceleration curved drum mechanism that would reduce
the fluctuations of dynamic loads in the spring elements,
but does not minimize them as a dynamic factor.

In [4] The effect of movement in response to the
change and maximum values of dynamic loads in the rope
when lifting load at startup, but does not include
properties rope spread as elastic element lifting
mechanism of the crane.

The impact of distributed properties of cables,
according to the authors of this study can be defined using
the approaches set out in [5-21].
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Purpose of research

The purpose of the work is justification discrete-
continuum model of lifting mechanism of a crane, which
allows for distributed properties of the spring element
(rope) and allows the absence to the selected quality
criteria of the system to minimize the dynamic loads on
the rope, to determine optimal in this sense, the laws of
motion of the cargo and the drive mechanism of the drum
and to identify their oscillation frequency rope that define
its resonances, subject to the availability of goods
enshrined in it.

Results of research

The dynamic model of valve lift mechanism as a
system with lumped parameters and its analysis.

The diagram of the dynamic model (discrete type)
lifting mechanism (Fig. 1) made the following notation
[4]: m, m1-built lifting channel to the masses under load
and drive mechanism of the drum, x, x1 — generalized
coordinates of mass m, ml, (F2, F1 — cargo weight
(F2 = ml - g, g — acceleration due to gravity) and the
driving force of the drive construction to cargo rope,

C — tightening rope.

.

Fig. 1. The dynamic model of the crane lifting
mechanism as systems with lumped parameters (discrete
model type).

In the first approximation P = E S/e, where e —
modulus material tightrope, S-area of its cross section, | —
rope length).

The model equations of motion lifting mechanism
have the form (4):

{ml-x=F1—f-(x1—x) 1)
m-¥=(x1—x)—F2

Which easily through simple changes to reduce to a
single equation for X (E) fourth order.

Given the fact that the driving force of the drive
drum is determined: F1 = F2 + (m + ml) - a (t) = mg + (m
+ ml)-a (t), going from (1) have:

XU 4 k2. x = k2 - a(t)where k = /(% + i) .C.(2)

C - frequency natural vibrations of the discrete
dynamic model of lifting mechanism, t — time, a = a (t) -
function acceleration of a motion mode drive mechanism
with a drum, depending on the time (t).

Solution (2) depends on the type of right that is
determined by the mode of movement of the drive
mechanism. Symbols Number mode 1, 2, 3, 4 above in
the analysis of publications. For specific regime and (t)
has the following form:

a) First rezhym-

a =vy/tn = coust, 3)
b) a second rezhym-
a="2.(1-5), ¢
c) The th|rd mode-
a=1222(1-=% (5)
d) The fourth mode-
a=6020 . (1-Ly. 6)

Note that in the expressmns (3)-(6) Vy - speed
steady movement of cargo during its recovery, tn - length
start (acceleration) of cargo.

Further that the point system was in the time of
relative peace, that is:

x2=0,x1,,1=0  2=0i2=0i2 (7)
Therefore equation (2) should roz’yazuvaty under

the following initial conditions:

NG (t) e (D)
X 0—0 — = 0X —g,xgzo. (8)

Total (2) is:
X (@) =(A1 +A42 -¢t) + Bl -sin (kt) + B2 - cos (kt) +
+ x part. (T), 9)

where the constants Al,2, V1,2 define the conditions
(8) when a particular solution found (2) x part. (T). We
will further deal with the movement of goods, which
minimizes dynamic factor.
In the twisting element lifting mechanism, ie the
rope, the section of its start when tYe [0, tn]:
ifotn{k JuH. (1)} 2dt —» min (10)
From the second equation of (1) efforts to rope are
defined as follows:
F=C - (x1-x) = mi+ Mg. (11)
Quality criteria of motion (10), based on (11)
determines the performance of the following conditions
necessary for its implementation (Euler-Poisson):

X = 0. (12)
Then we have:
() 2, = k2.
{x kS x=kEalt), oy ga ). (13)
x(IV) =N

So, to find x (G) for optimal cargo movement at the
site start (in the sense of the criterion (10) should solve
(13) with zero initial conditions:

X2 =, i2=0.  (14)
According to relations (3)-(6) have.
For the first mode:
2
X (1) =2 (). (15)
For the second mode:
2 2 3
X (=22, [% - ;ﬁ} (16)
For the third mode:
_12vy (3 t* tS
XM= tn {a " et?n + 20t3n}' (17)
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For the fourth mode:
__60vy et 3 1% t®
X0 = tn '{12t2n 20" t3n | 10.t%n 42 tSn} (18)
For dynamic coefficient k din. (+) (for each of the
corners modes) are:

k din. (t) = ““) (19)
For the first mode of movement of the drum drive
mechanism are:
Kdin. (T)=1 +;—fn =coust >1.  (20)
For the second mode of motion of the drum drive
mechanism are:
Zvy t\ _ 2vy 2vy.t
Kdin. (T) =1+ (1—5) =1+22 250 1)
Maximum values of Dean K (t) becomes the starting
point, at t = 0:
Dean K (t) / max = k dyn (t) /t_, = 1 + ;—; (22)
For the third motion mode drive mechanism with a
drum ends
t2 t3
Kdyn. (T) =1 + (— -2 5+ 5. (23)
Maximum values of k dyn (t) becomes y at time
t=tn/3:
kdyn (t) / max = k dyn (t) /t =m= 1+ — (24)
For the fourth motion mode dnve mechanlsm with a
drum ends:

_ 60vy (t2\ (. t \ 3
kdyn (1) = 1+.°22. (1) (1 m) . (@5)
Maximum values of k dyn (t) becomes y at time

t::Z tn:
5

12vy

64vy

Rt @) ke (© _

max t 2

1296-vy
625-g-tn’

(26)

5tn
The following Table 1 shows the min and max
values:

®(€), and = (1.4)
OSM

,tn = 2,0c,c?

,qm—l

forg=9.8lm/v, =

Table 1. The value of min and maxk,, o(),i=
(1,4).

and kLlI/IH ® /min kzu/m ® /max
1 1,025 1,025
2 1,000 1,025
3 1,000 1,181
4 1,000 1,053

Note the following: 1) the minimum value for
i =(2,4) becomes time t = tn, ie at the end of the period of
start-up, 2) for i = (1,4) is not the case optimal cargo
movement (oscillating) character (in contrast to the results
obtained Yok (€K o (8) [4D.

Incidentally, at time t = 0 (early start):

k;u/m(t) fori= (3,4) kmm(e) =1.

Thus, the motion mode drive mechanism of the
drum, which ensure smooth movement and cargo, and
also ideal value at the beginning (t = 0) and the late start (t
=tn). This third and fourth modes (law a (t) respectively).

Given (13), we have:

x,(t) = a(t).

Since x1 (t) are also zero-point conditions:

(@7)

xl(t)

XL (@) /ity = 022 = (28)

Then the optimum law of motion xl (t) coincide with
corresponding to x (t) (15) (16) (17) (18).

The dynamic model of valve lift mechanism as a
system of separated parameters and its frequency. Rope
with no movement in the lifting mechanism.

Using the approach to work (6), determine the
natural frequencies of the rod (model flexible rope) under
the following boundary conditions:

When z = 0.

When z = I, where I-length of rope (at the time point
lifting).

dX dx

mX (z) =ES=E-S, p? R

where: z - coordinate pozdovzhenya (along the axis
of the straight rope), p - rope natural frequency (at rest), x
(z) - own modes of rope that performs longitudinal
vibrations.
Custom modes of x (z) has the following form:
X (z) = sin (+ - cos (,A; Z)A, . (29)
Where v - velocity of longitudinal waves in the rope,

v=|E
==

where: p - density material rope.
With conditions at z = 0, we have X (z) / =0, s0:z,_,
A, = 0. The condition at z = | we have:

P\ . ppe-s.2(PL
m-pz-(;)—E cos.' S V(y). (30)
Thus, the frequency equation taking into account the
expression = E / p, is v?:
1 1 -5+l
oeg (5)=5 (31)

So part of the equatlon (31) is a ratio of weight to the
rope core end load (m). The value of the first root of

equation (I/v) depending on the ratio = pS - I/m following
(see. Table 2) p;a:
Table 2. Depending on(z”1 l) a= pTl.
a 0.10 | 0.30 | 0.50 | 0.70 | 0.90
p.-l/v | 032 | 052 | 0.65 | 0.75 | 0.82
a 1.00 | 2.00 | 4.00 | 10,00
p.-l/v | 086 | 1.08 | 1.27 | 1.42

Calculate the natural frequency of oscillation system
p.for different values rope length | by the following
values: v=Sm/c,E=2-Pa,S=25-10310"10"*m?

P=8-10° % (steel rope), m kg. Table 3 presents the
value and importance of I-frequency, which corresponds
to a model system with lumped parameters and is defined,
in this case, the expression 103p, 2

1 ES
Q= ’; + - - (32)
Table 3. Value p; and depending on | y0.

L, m 5 15 25 35 45
py,c1]320.0 | 173.0 | 130.0 107.1 | 91.1
Qc! | 316.0 | 182.6 141.4 119.5 | 105.4

L, m 50 100 200 500
p,cl | 86.0 | 54.0 31.8 14.2
Qct | 1000 | 70.7 50.0 31.6
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The table shows that the value of Q significantly
exceed p, especially for large rope length.

Natural frequencies rope for this case are determined
by the following transcendental equation must solve using
PC:

2 3
{mml-p“—E2 - 52 -z—z}-sin(%l) +{ES-%-
(mml} cos (%l) = 0. (33)

The coefficient of dynamic rope lifting mechanism is
determined by the formula given above for load securing
points (z = I) In the case of optimum start system set
modes and traffic load over the drum (also the best in
terms of quality criteria of the system at the site launch).

Conclusions

1. Reasonable physical-mechanical model of lifting
mechanism of a crane at the site of its descent, dyskretno-
continual system parameters.

2. Modes of traffic load and drive mechanism with a
drum that satisfy the quality criteria of the system that
minimizes the coefficient of dynamic ropes on the site
starting mechanism.

3. Obtained in the results can subsequently be used to
analyze, refine, improve engineering methods for
calculating mechanism lifting cranes on their site start
considering discrete-continuum all the features of the
latter, as well as to determine the characteristic natural
vibration frequencies (long) ropes (with order to prevent
their unwanted resonance vibrations) as the engine design
(design of such systems and the real operation.
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JUCKPETHO-KOHTHUHY AJIbHI MOAEJII ITIJ] YAC
AHAJI3Y TA OIITUMIBALIT (MIHIMI3ALIIT)
JMHAMIUYHNX HABAHTAXEHbD V ITPYXXHUX
EJIEMEHTAX/KAHATAX BAHTAXOIIJJMOMHKX
MAIIVH
FO. B. Yosniox, 1. M. Cisax

Anoranis. OGIrpyHTOBaHO JMCKPETHO-KOHTHHYaJIbHA
MOJIeNb JUIS aHaj3y Ta ioro omnrumizanii (MiHimi3anii)
JUHAMIYHMX HaBaHTQXEHb Yy MPYXHUX EJIEeMEeHTax
(kaHaTax) BAaHTAXKOIIAIHMATbHUX MAIIHH.

3’5COBaHO BIUIMB DO3MOAUICHUX 1 30CEpeIKEHHX

napaMmeTpiB  NpPY)KHHX  €JIEMEHTIB Ha  BEJIUYUHY
JIMHAMIYHMX HAaBaHTOXEHb Yy HHX Ha JUISHKax
TepexiTHIX MpOIIeCiB (crycx, raJbMyBaHHS,

peBepcyBaHHs pyXy). 3alpOIIOHOBAaHWN KPHUTEPIl SKOCTI
PYXy BaHTXOIIAHOMHOTO MEXaHi3My KpaHa, IO SKiit
MIHIMI3y€ThCS KOCQIIIEHT TUHAMIYHOCTI B KaHAaTaX, a
TaKOX BCTaHOBJICHO 3aKOHHM PYXy BaHTaXy, NPHU SKUX
peaii3yeTbcsl BKazaHi KpuTepii onTumizanii JUHaMIYHUX
HaBaHTAXKEHb 1 IPY)KHHUX EIEMEHTaX.

Jnsi  BU3HAYEHHS JMHAMIYHUX HABaHTAXKECHb B
NPY>)KHOMY €JIEMEHTI, HaIlpUKJIaJl, B KaHaTi BUKOPHCTaHA
JIBOMacOBHX MOJIeIb JUCKpeTHoro  tumy (3
30CEepEePKCHIMH TIapaMeTpaMu), MpH IOMY B SKOCTI
MOXIIMBHX pEakliii pyXy NPHBOAHOIO MEXaHi3My 3
6apabaHOM Ha JIUISHIN CITyCKy BUKOPUCTaHI peakuii pyxy
3 MOCTIMHMM NPHUCKOPEHHSM, SKHH MiHIMI3y€ BEINYHHY
PYIIIHOTO MOMEHTY IIPHBOJA, PEaKLii pyXy JiHIHHOIO
3MIHOIO TPUCKOPEHHS, MIHIMI3ye IHHAMIYHY CKJIAJIOBY
MOTY)KHOCTI ~TPUBOMY, peakmii pyxw 31 3MiHOIO
MIPUCKOPEHHS TPETHOTO MOPSIIKY, PEaKIlii pyXu 3i 3MiHOIO
MIPUCKOPEHHS B HOTO KPUBOI I’ SITOTO MOPAIKY.

KirouoBi cinoBa: IHUCKpETHICTh, KOHTHHYaJIbHICTH,
MOJZ€Nlb, aHaJi3, ONTHMI3allis, MiHIMI3alis, IMHAMIKa,
HaBaHTAXKCHHS, npYKHi EJIIEMEHTH, KaHaTH,
BaHTAXKOITI THOMHI MaIlIMHU, KPaHH.

JMNCKPETHO-KOHTHHY AJIbHBIE MOJIEJIN
B AHAJIM3E U OIITUMU3ALINU
(MUHUMM3ALIN) JMHAMWYECKNX HAT'PY30K
B VIIPYTUX DJIEMEHTAX / KAHATAX
I'PY30IIOABEMHBIX MAIIINH
1O. B. Yosnwk, Y. H. Cusax

AHHOTALMA. O6ocHoBaHa JIACKPETHO-
KOHTHUHYaJbHas MOJENb JUIS aHAIMU3a U €r0 ONTUMH3AIUU
(MUHUMU3AIMM) JUHAMUYECKUX HArpy30K B YIOPYTHX
aJIeMeHTax (KaHaTax) Ipy30I10JbEMHBIX MaIlUH.

Brisicuen BIIMSIHUE pacmpeneneHHbIX u
COCPEIOTOUEHHBIX MapaMeTpOB YNPYTHX 3JIEMEHTOB Ha
BEIMYMHY IWHAMMYECKHX HATrpy30K B HMX Ha y4acTKax
HNEPEXOIHBIX MPOLIECCOB (cmmyck, TOPMOKEHHE,
pEeBEpCUPOBAHNE IBUKCHUS).

IlpennoxxeHHBIl KpUTEpUM KauecTBa JABMXKEHUS
Ipy30MOJBEMHOTO MEXaHU3Ma KpaHa, IO KOTOpPOH
MHUHAMH3HPYETCS  KOI(QQHUIMEHT IUHAMHYHOCTH B
KaHaTax, a TakXKe YCTAaHOBJICHBI 3aKOHBI IBWXKEHUS Ipy3a,
IPU  KOTOPBIX  pealu3yeTcss  yKa3aHbl  KPUTEPHUH
ONTUMH3AIMMA JWHAMHMYECKHX Harpy3ok H YIOpPYTuX
JJIEMEHTaX.

JUia  ompexeneHus JIMHAMMYECKHX HArpy3ok B
YOpYroM 3JIEMEHTEe, HalpuUMep, B KaHATe HCIONb30BaHA
JIBYXMacCOBBIX ~ MOJENb  JWUCKpeTHoro  tuma (¢
COCPEIOTOUYCHHBIMH TTapaMETPaMH), IIPH 3TOM B KaueCTBE
BO3MOXHBIX  pEakUuMil B  ABWXKECHHA  IPUBOJHOIO
MexaHM3Ma ¢ OapabaHOM Ha  ydJacTKe CITycKa
UCTIONB30BaHbl PEAKUMU JABWKEHHA C MHOCTOSHHBIM
YCKOpPEHHMEM, KOTOPbIM  MHHMMU3UPYET  BEJIUYHUHY
JIBIDKYIIETO MOMEHTa MpPHBOJA, PEAKUUH JBIDKEHUS
JIMHEMHONM W3MEHEHHEM YCKOPEHHUS, MUHUMU3UPYET
JUHAMUYECKYI0 COCTABJIIONIYI0 MOIIHOCTH TIPUBOJA,
peaKIMy JABWXECHHS C M3MEHEHHEM YCKOPEHMS TPETHEro
MOPS/IKA, PEaKINH IBWKCHUS C H3MEHEHHEM YCKOPEHHUS B
€ro KpUBOH MATOrO MOPSIKA.

KioueBnbie ciaoBa: JUCKPETHOCTD,
KOHTHHYalbHOCTb, MOJENb, aHAJIW3, ONTUMH3ALMNA,
MUHMMH3alUs, IMHAMHKA, HArPy3KH, YIPYTUE 3IIEMEHTHI,
KaHaThl, FPy30N0 bEMHBIE MAIINHBI, KPAHBL.
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