UDC 621.863

Bicuuk XHALLY, Bun. 101, 1. 2, 2023

DOI: 10.30977/BUL.2219-5548.2023.101.2.142
MAIN PROBLEMS OF MINE DRUM DESIGN
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Abstract. The article deals with the problems of mine drums, namely, an adjusted approach to the
justification of their design, and suggests ways to improve their performance. The practice of designing
mine drums is based on the introduction of additional stiffening elements, such as ribs, rings and
scarves. This significantly increases the weight and complexity of the drum manufacture, and also leads
to local stresses in the welded areas. This greatly complicates the operation of the structure and leads
to the destruction of welds and the appearance of cracks. Reinforcing the welds does not improve the
situation, but rather reduces the durability of the drum shell. Designers of mine hoisting machines do
not have a theoretical basis for refusing to install rings and stiffeners.

The calculations of the strength of the drum head using the simplified and refined methods showed that
the strength of the head is fully ensured and there is no need to install additional structures in the form
of scarves.

Key words: mine drum, frontal liner, shell, strength, bending moment, stress, scarf, stiffening elements.

Introduction

Mine drums are the main element of a hoisting
machine, so ensuring their reliable operation is
quite important. In addition, mine drums have a
rather high metal consumption, which is not
always justified. To increase the structural
rigidity, mine drums are reinforced with rings and
stiffeners, which not only increase their weight
and complicate the manufacturing process, but
also cause significant local stresses that impair
the drum's performance.

If the drum shell thickness determined by the
strength calculation does not provide sufficient
stability, either increase the thickness or reinforce
the shell with ribs or stiffening rings.

The first way leads to an increase in the
weight of the drum, and the second, if not
significantly increasing the weight, worsens the
drum manufacturing technology and its
performance.

Analysis of the latest research
and publications

The problems of mine drums have been
studied by many prominent scientists, such as
B. Davydov, B. Kovalsky, Z. Fedorova,
K. Zabolotny, O. Grigorov  [1], V. Mali-
novsky [2], W. Woernle [3], H. Ernst [4] and
others.

B. Kovalsky drew attention to the
harmfulness of installing stiffening elements in
the rope drum shell and the need to justify those
cases when they are necessary.

Cracks in the shell are usually progressive and
significantly reduce the strength of the entire
drum.

If the drum shell thickness determined by the
strength calculation does not provide sufficient
stability, either increase the thickness or reinforce
the shell with ribs or stiffening rings.

The first way leads to an increase in the
weight of the drum, and the second, if not
significantly increasing the weight, worsens the
drum manufacturing technology and its
performance.

Considerations of a possible reduction in
drum weight when stiffeners are installed are
often illusory, as stiffeners generate bending
stresses under conditions of sufficiently high
concentration. These points are not taken into
account by designers, despite the fact that fatigue
cracks near stiffeners appear very often, as
evidenced by studies of the operation of drums of
mine  hoisting machines. For example,
O. Panasyants notes that excessive finning of the
mine drum shell causes premature failure of the
structure.

A. Manevich and A. Buchuch considered the
stress state of the shells and diaphragms of mine
hoists on the example of the mine hoist IIITIM
BLIK 8/5x2.7, which is designed to operate at a
depth of up to 1200 m. It was noted that cracks
appeared in the welds of the headstays and ribs.
The cracks were repaired by removing the welded
metal and re-welding.
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The frequency of repairs was 2...3 months.
During an unscheduled shutdown of the machine,
it was noted that cracks in the repair seams
resumed 10...14 days after the repair and did not
develop.

In subsequent repairs, in addition to welds, the
diaphragms were reinforced with one-sided
linings in the areas of cracking. However, cracks
continued to develop in the repair seams and in
the base metal of the linings and diaphragms
along the edge of the lining. In the overhaul
period (2...3 months), one of the cracks in the
diaphragm developed over the entire width of the
ring with access to the base metal of the shell.

Repeated repairs of cracks and strengthening
of the cracked areas in the diaphragm rings did
not stop the cracking process.

The authors determined the stress-strain state
of the sheath and diaphragms caused by the
winding of a loaded rope. The proposed
calculation methodology took into account the
weakening of previously wound rope turns due to
sheath compression during the winding of
subsequent turns.

Calculations carried out by A. Manevich and
A. Buchuch showed that the stiffness of the
diaphragm with respect to cyclic loading and its
plane is much higher than the stiffness of the
shell. Therefore, the local load close to the
junction of the shell with the diaphragm is almost
completely absorbed by the diaphragm. It was
noted that a more precise determination of the
length in the longitudinal direction of the zone
within which the cyclic or local load is perceived
by the diaphragm is a rather difficult task.

Problem statement

In mine drums, not only the drum shell, but
also the lining is loaded. To increase their
stiffness, they are reinforced with braids, which
not only increases the weight of the drum itself,
but also significantly complicates the technology.
The most harmful consequence of this design is
that, due to the large number of welds, a
significant amount of local stresses arises in the
material of the lining. At the same time, the
strength of the lining decreases, i.e. we have the
opposite effect.

In the calculations, the frontal plate is
assumed to be a smooth circular plate that is
clamped on the outer surface of the hub at a
radius r. The condition of compatibility of
deformationsisy_=y,,0 =6 ,wherey,_,y,,6.,6

are the radial displacements and angles of
rotation of the drum wall and the edge of the
frontal plate, respectively.

Presentation of the main material

Radial displacements and rotation angles occur
at the junction of the casing and the header, which
depend on the load of the rope being wound, the
size of the drum and the distance a between the
header and the location of the first turn. The larger
this distance is, the lower the bending moment and
transverse force values that occur in the head.

We will study the mine drum of the I[P —
6x3.4/0.6 hoisting machine (Fig. 1).

The stress in welds can be calculated using the
formula [5]:

M, O _6M, O

12 1
W F 2 ¢’ 1)

whereM, is the bending moment in the weld
zone; Q — transverse load; ¢ — is the suture
catheter.

Let's consider the case of loading the drum
shell in the ring area We perform a more detailed
calculation of the drum shell, which is supported
by stiffening rings.

Let us consider a rope drum supported by
stiffening rings as a mixed variational system
whose potential energy is a functional with
additional terms.

e [ S o, 1)
X0 +, (xlflflfl )

where 7, is the potential energy of the frontal
area; n, — potential energy of the stiffening ring.
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where EJy;, EJyis the bending stiffness of the
frontal plate and the stiffening ring, respectively.
The natural boundary conditions for solving
the mixed variational problem will be as follows
ar d (dry dn,
A e
df" dx\df" df e
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Then we get a system of two equations:

D(n?-1)(2-v) df DR&f 12(1-*)JyR
TR 2wy W@
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R dx 2 dx3+ 5 f&)

The solution of this system allows us to
determine the coefficientsC, andC, of the
equation:

I 2D hy
Aepeosvlg T L [R2 wky-(n?-1)(2-v)]-
-EJyR’h

C =
! EJoR2h(1+e2pcosvl)

L]
- -2rku——
AnkpePeosVg ™ T,

- X
pyhePcosPL (] +e-2pcosvl)sinylcos (psin i)

(n?-1)(2-v)h-kuR’
X
(n2-1)(2-v) l//ZR[ (psinyl)+
R 3 |2pcos plcos2yl .
120 R
3.
pwo sinyl

Ll
I i
2nkue T

- X
pyher<osVisinylcos(psinyl)(1+e2reosvl)

(n2 -1 ) (2—v)—7rk,uR2
X
(n2-D(2-v) v°R [Zp cos(pcosyl)
- X
R 2 [ +1+p2cos2yl
L 12(1-)JR
7.
pwo” sinyl

The annular normal stresses in the shell are
determined by the formula:

o= (6)

wherew(x) is the radial displacement determined
by the formula:

w(x)=f(x)cosn, @)

Substitute the values of the bending moment
and transverse load into formula (1), which are
determined by the following formulas:

Fig. 1. Basic design of the drum

The bending stress in the frontal area can be
determined by a simplified method [2].

_6M, 3p(x) 1
where
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Using these formulas, we determine the value of
the bending moment in the frontal area o, =115
MPa for the drum of the hoisting machine LIP —
6x3.4/0.6, which is significantly less than the
permissible value for steel St. 3[o, ] =160 MPa.

Determine the bending stress according to the
revised method [3].

EJ,
M, m =FEJ ox,—

"D, f(x)cosnp,  (10)

where EJ, is the bending stiffness of the frontal

plate.
D,,=Ei,,

1-x
f(x) = cos(psinyk) (C Iepws"’k) + AT,
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The calculation using this method yields a
bending stress value of MPa [4].

As we can see, the strength of the headwall is
fully ensured without the installation of
reinforcing elements. We believe it is appropriate
to propose a new design of the mine drum

(Fig. 2) [5].

Fig. 2. Modernised design

Conclusions
The calculations of a particular mine drum
allowed us to conclude that it is possible to change
the design to reduce the weight of the drum and the
cost of its manufacture, as well as to improve its
reliability.
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OcHoBHI

OapabaniB
Anomauia. Ilpobnema. Y cmammi po3enanymo
numaHHs waxmuux Oapabauis, a came CKOpek-
moGaHull nioxio 00 OOIPYHMYBAHHS IX KOHCMPYKYIL,
3aNPONOHOBAHO WLIAXU NOKPAWEHHsl X eKchaya-
mayitinux  enacmugocmei.  Lllaxmui  bapabanu
3abe3neuyioms HAOiHYy pobomy 6cici niouomHoi
Mawunu U Hepioko Oe3neky camux Jodeu, momy
mema, SAKA po32nn0acmbcs 6 - cmammi,  Oyoice
akmyanvia. Mema. [Ipakmuka KoHCMPYIO8aHHS
waxmuux 6apabamie PYHMyemvbcs Ha 3aCMOCY8aHHI
eleMeHmMHOT JHCOPCMKOCMI, MAKUX 51K pebpa, Kitvys i
Kocunku. Lle 3nauno 36invuye 6azy ma cKiaoHicmo
6U2OMOGIIeHHs 6apabana, a MmaKkoxtc NPU3EooUms 00
nOSABU  MICYeGUX HANPYJICeHb Y MOYKAX Npusad-
prosanns. Y waxmuux 6apabanax HaeaHmadniCeHuMuy €
He minbku obuuatika bapabaua, anre U 10006UHU.

NnpodJieMH  KOHCTPYKHII  IIAXTHHUX
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Memoouxa. /[ niocunenns ix JHCOpCmKocmi 60HU
NOCUNIOIOMBC KOCUHKAMU, WO He MIinlbKu 30inbuLye
eazy camoeo 6apabana, ane 3HAYHO YCKIAOHIOE
mexHonozito. Y yvomy paszi miynicmv 10008uUH
SMEHULYEMbCA, TMOOMO MAEMO 360POMHUL  eeKm.
Lle 3nauno ycknaouwe pobomy KoOHCMpPYKYii ma
CNPUYUHAE PYUHYBAHHA  36APIOGANILHUX — WIGIE i3
sunuxHenns mpiwun. Iliocunenns 36aprosanvHux u6ie
He noxkpawye cumyayiilo, a HABNAKU, 3MEHULYE
006206iuHICMb  00UYAUKYU — WAXMHO20 bapabaua.
Pesynomamu. [lposedeni pospaxynku MiyHOCMI
JI0OOBUHU 30 CHPOWEHOI MA YMOYHEHOI MEeMOOUKOIO
nokazamu, wo MiyHicmb  J000BUHU  NOBHICMIO

3abe3neuena i HeOOXIOHOCMI YCMAHOBKU 000AMKO801

KOHCMpYKYii vy 8uensioi KOCUHOK He HOmpIOHA.
Opucinansnuicms. YV OocniddcenHi  8paxo8ano
0o0amkosi hakmopu, wo 8 nonepeonix po3pPaxyHKax
He pO321A0anucs, Maxi, HANPUKIAoO, AK HCOPCTMKICMb
camux 10006uUH [ KoepiyicHm mepmsi Midc KAaHAmMoMm i
bapabanom. Ilpakmuuna winnicms. 3anpononosane
6 cmammi  3aCMOCY6AHHA  HOGOI  MemoOuKu
PO3DAXYHKIE — MIYHOCMI  OOOJIOHKU — WIAXMHO20
Kanamuo2o 6apabana 0ae 3mMo2y 3HAYHO NOKPAWUmMU
pobomy waxmuux NIOUOMHUX MAWUH, 3MEHUWUMU
KiIbKIiCMb peMOHmig i 3abe3neuumu ix 008208i4HICHIb.
Kpim yvoco, memanoemnicme 6apabdbarnie 3HAUHO
3MEHWYEMbCA, WO 003607€ OMPUMAMU  SHAUHY

eKOHOMIIO X eapmocmi ma 3abe3neyumu HAOIHY
Pobomy 8cb020 npoyecy WaxmHo20 niotomy.
Knwuosi cnosa: waxmuuii 6apaban, 106086uHa,
obuyalixa, MiyHiCMo, MOMEHM 32UHY.

®@igposcbka Hatanisa MukoJsaiBHa, I-p TeXH. HayK,
npodecop, kadenpa OymiBENEHUX Ta TOPOXKHIX
MarvH, XapKiBChKUH HalliOHAJBHUNA aBTOMOOIIBHO-
nmopoxHii yHiBepcutet, nfidrovskaya@ukr.net, Temn.
097-396-98-83.

Caeny:xnikoB €Bren IMuTpoBHY, KaHI. TExH.
HayK, JIOIIEHT, Kadeapa cremiaabHol XiMil i XiMigHOT
TexHoorii, HamioHansHIA yHIBEpCUTET HUBLIHHOTO
3axucry  Ykpaiaw,  slepuzhnikov@nuczu.edu.ua,
ten. 067-922-99-14.

Hecrepenko BikTopisa BaneHTuHiBHA, KaH. TEXH.
HayK, JOIICHT, 3aBimyBad Kadeopu CHepro-
MarrHoOyayBaHHs, [lepBomaiicbka isist HarloHab-
HOTO YHIBEpPCUTETY KopabieOy1yBaHHs

imM. aqmipara Makaposa, Vik6462@ukr.net,

ten. 066-069-53-84.

Mycaes 3ayp Pa3suioBuY, KaHJ. TeXH. Hayk,
aCHCTEHT Kadeapu OyAiBeNbHUX 1 JOPOXKHIX MAIIWH,
XapkiBChKHUit HaI[iOHATEHUH aBTOMOOLITBHO-
JutopoxHii  yriBepcuter, 0336musaev@gmail.com,
ten. 098-044-43-84.



mailto:vik6462@ukr.net

