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The stability problems of rope drums are quite relevant. The rope drum is a thin-walled shell
in most cases, which under the influence of external pressure created by the rope can lead to loss of
stability. The issues of stability for the drum shell, which is loaded with turns of the rope, are very
important, because they are directly related to the safety and reliability of the rope hoist.

The studies made it possible to obtain a new methodology for calculating cylindrical shells
for stability, which takes into account not only the length of the shell, but also the rigid connection
with the front lip. In addition, a calculation formula was obtained for determining the critical
pressure of the oval shell, which bears much similarity to the experiments of American scientists.

The paper also examines the effect of thickness variation on the critical load of the drum is
also examined. The conducted studies allow concluding that the parameters of the rope drums
completely eliminate the need to install rings and stiffeners. Also, as a result of the study, it was found
that the shell of the crane drum under the influence of radial load cannot lose stability. Findings show
that in all cases, the gain margin of the shell for the cable drum is greater than the strength.

Keywords: rope drum, shell stability, critical pressure, maximum load, stiffeners.

®igposcbka H.M. Caenyxniko €./1., Hecrepenko B.B., KopoBko A.B. «CriiikicTh
KaHaTHUX OapabaHiBy.

[Tpobnemu criiikocTi KaHAaTHUX OapabaHiB SIBISIOTHCS JOCHTH aKTyadbHMMHU. KaHaTHuUi
OapabaH SBISETbCA B OLIBIIOCTI BUMAJIKIB TOHKOCTIHHOIO OOOJIOHKOIO, SIKa IMiJT /11€0 30BHIIIHBOTO
TUCKY, SKHH CTBOPIOETHCSI KaHATOM, MOXKE HPUBECTH A0 BTpatu cTiiikocti. ITutanHs criiikocTi
oOuuaiiku OapabaHa, KW, HABAHTAXKEHUH BUTKAMH KaHATy SBISIOTHCS AyXKe BAXKIUBUMH, TOMY
110 3 HUMH OB s13aHa Oe3nocepeiHbo Oe3neka i HaliiHICTh KAaHATHOTO iAoMY .

[TpoBeHeni MOCHiKEHHS IMIIHAPUYHUX OOOJOHOK JO3BOJMIM OTPHUMATH HOBY METOAUKY
pO3paxyHKiB Ha CTIHKICTb, fIka BPaxOBY€ HE TUIbKM JOBXHHY OOOJIOHKH, ajie 1 >KOPCTKICTb
3’enHaHHs 3 J000BHHAMH. Kpim 11b0ro, Oyi0 OTpUMaHO pO3paxyHKOBY (GOpMyIy JUIs BUSHAYCHHS
KPUTHYHOTO THUCKY OBAJIbHOI OOOJIOHKH, KA Ja€ TOCUTh JOOpe CIIBMNAAAaHHS 3 €KCIIepUMEHTaMU
aMEepUKAHCHKUX BUCHHUX.

B poGoti Takox Oyn0 pO3MISHYTO BIUIMB PI3HOCTIHHICTI Ha KPUTHUYHE HABAHTAKEHHS
6apabany. [IpoBeneHi qOCTiKEHHS JO3BOIMIM 3pOOUTH BUCHOBOK IIPO TE, 1110 MApaMETpU KaHATHUX
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0apabaHiB JO3BOJIAIOTH MOBHICTIO BUKIFOUYMTH HEOOX1THICTH BCTAHOBJICHHS KUJIETb 1 pedep )KOPCTKOCTI.
Takok B pe3ynbTaTi JOCTIPKEHHS OyJO BCTAHOBJIEHO, IO oOMYalika KpaHoBOro OapabaHy Tin
BIUTMBOM PaJliaIbHOrO HABaHTAKEHHS HE MOXKE BTPATUTH CTIHKICTh. J{OCHiKeHHS TOKa3aJIH, 10 Y BCIX
BHUIIQJIKAX 3aIac CTIHKOCTI 0OMYaliki KaHATHOTO OapabaHy OUTHIINIA, HIK HAa MIITHICTb.

Knwuoei cnosa: xanatHuii G6apabaH, CTIMKICTb OOMYAMKH, KPUTHYHUH THUCK, KPUTHUYHE
HaBaHTKECHHS, pedpa )KOPCTKOCTI.

Introduction

The reliability of the cable lift depends mainly on the strength and stability of the rope drum.
If the thickness of the shell obtained by the calculation for the strength is not provided, then either
its thickness must increase or there is a need to install the elements of rigidity. The first way leads to
an increase in the metal content of the drum, and the second one also complicates the manufacturing
technology. To ensure the stability of the rope drum shell, reinforcement elements - rings or
longitudinal stiffeners - are used, although this design has several disadvantages.

During the operation of the lifting devices, there are some cases of cable drums
destruction. But the reason for this a tense state was always which did not threaten the loss of
stability of the shell, but which led to the destruction of the fatiguing nature. The complexity of
the drum manufacturing technology cannot be justified and, on the contrary, it is necessary to
release the construction from the unnecessary elements in terms of stability. Therefore, reducing
the metal content of the rope drum shell and ensuring its reliable operation is a very urgent task
for modern craning.

Literary data analysis and problem statement

In work [1], the tension state of shells and diaphragms of mine lifting machines is
considered on the example of mine lifting machine SHPM BCC 8 / 5x2,7, which is intended for
operation at depths up to 1200 meters. It has been observed that cracks appear in the welded joints
and breaks. Crack repair was performed by removing the welded metal and re-welding.

In work [2] the studies results of rope drums having rigidity rings are given. It has been
shown that the rope drums accept cyclic loads and local peak tensions, especially at weld joints.
This is the cause of the appearance and development of fatiguing joints. A program for calculating
the tension-strain state of the shell without reinforcing elements and with rings of rigidity is made.
The stability issues of the rope drum custom were not observed in the article.

In work [3], an empirical method for creating a parametric model of a mine lifting drum was
developed. Drum stability issues were not observed.

In work [4], a numerical simulation of the lifting mechanism dynamics in a cable crane was
developed. Drum stability issues were not observed.

In work [5], a simulation of the lifting mechanism was carried out. The four mass dynamic
modelwas applied. Based on the choice of the nature change in the acceleration of the mechanism
of lifting the load is eliminated dynamic loads in the rope during the established movement. Drum
stability issues were not observed.

In work [6], a mathematical model for lifting a crane load was developed. The result is a
graphical dependence of the effort change in the elements of the crane when changing individual
parameters of the system. Drum stability issues were not observed.

In work [7] The dynamic models of the lifting mechanism with distributed parameters,
which were described by differential equations in partial derivatives are applied. Drum stability
issues were not observed.

All this suggests that a study of the rope drum stability is necessary.

Therefore, our study focuses on the theory of the stability of the drum shell to identify
noticeable reserves and the possibility of using more rigid, more technological and in many cases
less metal drums.
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Purpose and objectives of research

The purpose of the study is to determine the methodology for calculating rope drums when
designing hoisting machines.

To achieve this goal, the following tasks were set:

- to conduct research of a rope drum under the influence of external load;

- to determine the parameters and their influence on the critical load of the cable drum,;

- to develop a new methodology for calculating the stability of the rope drum.

Calculation of the cable drum stability

The loss of drum flangel stability, which is loaded with coils of rope, can lead to an
accident, significant losses on repair work. Therefore, in the design of rope drums in most cases, the
calculation of the stability of the shell is conducted.

The critical tension can not exceed 0,8 ot for steel drums and it is not more than 0,6 ob for
cast iron. If the actual margin of resistance is less than the recommended one then it is offered,
either to increase the thickness of the shell, or to install the elements of rigidity (stiffeners).

In the study materials, when calculating the stability margin of stability of the cylindrical
flunge of druml is considered that:

Oy
et U] (1)

where [n] is the recommended safety margin,

[n] = 1,7 - for steel drums,

[n] = 2 for cast iron drums.

ocr is the critical tension in a cylindrical flunge by Papkovich formula

5 |25
ka:0.92-Eb-|—- D—, (2)

b

The influence coefficient of the deformation flunge of drum and rope is calculated by the formula:
1

(. E F )2
¢=L1+Eb-6-tJ ! )

where Ek is the elastic modulus for the steel rope,

Fk is the cross-sectional area of all rope wires.

The analysis of the solutions used in the theory of stability showed that for the parameters of
the crane drums the values of the stability factor of the shell are overestimated.

In Fig. 1 the parameters of the real drums and the results of the calculations are given.

The curve a corresponds to dependencies (1). The curve b — Papkovich's dependencies (2).

Taking into account the influence of the elastic connection of the front with the shell, the
calculation should be made by (6).

For 8 =0l and r / R = 1/2 we obtain the curve B.

A method of variational calculus was used to estimate pcr using the Euler equation of the
mixed variational task in the development by S.M. Kan [8]

To calculate the elasticity of fixation of edges of cylinder of drum with frontal surfaces there
is used coefficient 0

2
1
9:”‘{/ Vot DoVt @)

we +0,99,+0,21°
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where

o 9, r
& 1+v+(1—v)-¥

1-52
¢o=2-6‘C-\/E(3)3, c-—R (5)

where 9dl is the thickness of the front flange,

r is the radius of the front,

v is the Poisson's coefficient.

The dependence of the coefficient 6 from the parameters of the drum is shown in Fig. 2.
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Fig. 1 — Parameters of cable drums Fig. 2 — The dependence of the coefficient 0
from the parameters of the drum

The critical pressure for the rope drum shell can be determined from the formula:

D’ -1)|, . O'RES

p= + ) 6
R3 DL4n4(n2_1) ( )
where D is the cylindrical rigidity of the drum
=
T12(1-v) 0

The case where the cylindrical shell is not fully loaded but only a section with width V is very
interesting and also needs research. The calculated formula for critical pressure was obtained [9]:

D-(n*-1) 1+(n)4. R°-E-§
R? L/ D-n*.(n*-1)?
pkp: ’
b_1{gnn<t+b>_§nnxt—bq ®)
L 2 L L

The experiments made it possible to make a comparative characteristic of fig. 6.
Initial deviations from the geometric shape of the shell reduce its stability. A formula was

obtained for the critical pressure of an elliptical shell [9]:
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pkp

1 [ 64-D-(n? 1) +[2)4’E~8-b3~ (7K +2k+7) ©)

T2k b3~\/(7k2+2k+7)3 L 64~n4~(n2—1)

where k =a /b, a and b are the semi axis of the ellipse.

Conclusions

1. The studies have shown that the flange of the rope drum under the influence of external
load, which occurs when winding the rope, with those ratios of radius and length of the drum and
the thickness of the flange of the drum can not lose stability.

2. The obtained engineering technique for calculating the cable rope shell made it possible to
conclude that, in all cases, the requirements for the local resistance of the shell are greater than for
strength, that is, the stability does not cause flange thickening.

3. As we can see, the influence of ellipticity on the critical pressure in the area is possible for
crane drums (b / a>0,95) it does not exceed 14% according to [9] and 8% according to (30). The
elastic connection of the front and the flange of drum significantly increases the critical load. The
initial possible ovality of the drum shell does not significantly affect the critical load.
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