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SEARCH FOR THE WAYS TO IMPROVE
THE OPERATIONAL RELIABILITY OF
THE ROLLING MILLS

O6’exmom QocHioNcenns € WapHipHuil 8Y30.1 YHIBEPCANLHO20 Wnundels npoxamuux cmanie. Haiubirow nowu-
PEHO Oisl MAKUX CMANI8 BUKOPUCMOBYIOMbC WAPHIPU 3 AHMUDPUKUTTHUMY 6KIAOUWAMY 3 MEPMAM KOB3AHHSL.
O0num 3 HAUGIMLWUX NPOOLEMHUX MICUb WAPHIDY 3 MEPMAM KOBIAHMS € HEPIGHOMIPHICMY PO3N0OILY MUCKY
Ha KOHMAKMHIL NOBEPXHI CE2MEHMIB, W0 SHUNCYE 3HOCOCMIUKICMb 6KAAOUWIE Ma eKCNAYamayiiny Hadiltnicmy
wnunoenst. /list 6USI8ICHHSI NPUUUH HEPIGHOMIPHOCTE MUCKY | BUSHAYEHHSL 30H 3HAUHOZ20 NEPECUULCHHS KPYMULLHUX
Hasanmaxcens nPosoOULUCH QOCIIONCEHHA HA POIPOOICHIT MAMEMAMUUHIT MOOELT WaAPHIPY.

B x00i docridacenv suKopucmosy8ascs MamemMamuunuil anaiis 6niusy napamempie eKiaouie na 6eauduny
MUCKY HA KOHMAKMHUX NOBEPXHAX NPU POOOUUX HABAHMANICEHHAX IONAMI 6ATKIG | Ce2Menmie 6KAAOUIE ULaPHIDY.
Busnaueno napamempu 301 nideuwenozo mucky 6 KOHMaxmi 6KAA0UWie munogoi Gpopmu y uzisdi cyuiiviozo
cezmenmy i3 nAACKOI0 i UYUATHOPUUHOIO NOBePXHAMU. Bemanoeneno, wo neobxiono sminumu niouuny nepepiay
eKAAOUULY NO QOBIHCUNT T WUPUHL CeZMeHMY.

Ompumano anarimuyuni 3anreicHocmi napamempie wapuipy 6id dirouux nasawmascenv i mucky. Busedeno
DOPMYIU BUSHAUCHHS 280 MEMPUUHUX POIMIPIE CCZMENMI8 WaPHIPY 3 8PAXYBAHHAM 1020 PAdiYcy i HCOPCMKOCTI.
Jlocrioacens wapnipy 3 6KAAOUMAMU, 8 AKUX UKOHAHO CKOCU HA NAACKIL NOGEPXHI MA YXUiu 00 mopyie 3a 006-
AHCUNOT0 1 610 cepedunu 00 6OKOBUX 2panell, 6KA3AL0 HA MONCIUCICINL PIBHOMIDHO20 PONOOLLY MUCKY 3G D0BHCUHOIO
1 WUpuHoI0 cCezmMenmis KIa0uLis.

Taxum vunom, docaioncenns na mamemamuunit Mooeni i 6 1a6oPAMOPHUX YMOBAX NOKA3AT0, U0 OOULLLHUM
€ BUKOPUCTANHSL PO3POOIEHOT KOHCMPYKUIT 6KAAOUULY 13 NePeMINIO0I0 NIOWUHOI0 Nepepisy No 008AHCUNI T wupuni
exaduwy. Pienomipnicmo po3nodiny KOHMAKMHUX HABANMANCEHb NIOMEEPONCEHA eNOPAMU MUCKY 3A DOBICUNHOK)
i wupunoo ceemenmis. 3a605KuU UbOMY 3a0e3NEUYEMbCI MONCIUBICTNG NIOBUUWECHHA 3HOCOCTNIUKOCE WAPHIPHO20
8Y3/1Q YHIBEPCATLHUX WNUHOCLI8 NOMYNICHUX NPOKATNHUX CIAIE. B nopieusimi 3 610oMumu KOHCMPYKULAMU ULaAp-
HIPIB CYMMEBO NiDBUYEMBCS eKCNAYAMAYITiHAG HAOIHICY wnundenie ma mepmin 6e3asapiiinoi pobomu cmanie.
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1. Introduction

One of the bottlenecks of rolling mills is the lack of
reliability of universal spindles of the main drive of the
mill [1, 2]. The most common design of a spindle hinge
is sliding friction hinges. Their lifespan depends on the
distribution of pressure on the working surfaces.

Therefore, it is relevant to study the causes of the uneven
distribution of pressure in the contact area of the hinge
between the liners and the roller blade and to determine
areas of significant excess of torsion loads on the liner.

2. The ohject of research
and its technological audit

The object of research is the hinge joint of the universal
spindle of rolling mills. The solution to the problem of reliabi-
lity of universal spindles are made in various constructive
ways, mainly due to the improvement of the hinge joint. Test
hinges: wobbler, with gearing, ball, roller, with Hook’s hinge
on rolling bearings and with sliding friction with anti-friction
liners [3, 4]. Analysis of the capabilities of the wobblers and
with gearing of the hinges shows their significant shortcomings:

— complexity and high cost of construction;

— ball and roller hinges with low energy losses due

to friction requiring high manufacturing costs;

— increase in overall dimensions of the hinge.

Dimensions increase even more when using Hooke’s
hinge with rolling bearings.

In the presence of a high efficiency of the hinge, the
following disadvantages are identified also: the dynamic
load on the universal spindle increases when the torque is
transmitted to the work rolls. This requires an additional
increase in the strength of the spindles due to the more
expensive steel grades, or an increase in the diameter of
the spindle body. In general, the use of the considered
structures found a place in low- and medium-grade mills.
However, the existing drawbacks of the hinges have delayed
their implementation on powerful rolling mills.

Production practice has shown that the most appro-
priate design for such mills is hinges with anti-friction
liners. They are distinguished by small dimensions, low
inertia, easy of installation and repair.

One of the most problematic parts of the hinge with
sliding friction is the uneven distribution of pressure on
the contact surface of the segments, which reduces the
wear resistance of liners and operational reliability of the
spindle.

3. The aim and ohjectives of research

The aim of research is development of proposals for
the constructive improvement of the hinge elements of
the spindles.

.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 6/1(44), 2018, © Tarasov V., Rumyantsev V., Mosejko Yu.,

Potapenkov A.



IS5N 2226-3780

INDUSTRIAL AND TECHNOLOGY SYSTEMS:
MECHANICAL ENGINEERING TECHNOLOGY

— )

To achieve this aim it is necessary to perform the fol-
lowing tasks:

1. Create a mathematical model of a typical universal
spindle hinge joint.

2. Determine the influence of liner parameters on the
pressure in the contact zone.

4. Research of existing solutions
of the prohlem

Among the main directions of solving the problem
of reducing the unevenness of contact pressure in joints
with sliding friction, a number of works have beeni-
dentified.

So, in work [1], important studies of the nature of wear
in the zone of contact of the sliding hinge of a universal
spindle are presented. The sites of increased abrasive wear
are detected and ways to create protective films with in-
creased hardness are suggested. However, a more radical
solution to the problem is considered by equalizing the
pressure on the contact surface.

In [2], the pattern of wear of the spindle inserts by
the method of artificial bases is determined. The obtained
results allow to estimate the distribution of the acting
forces on the contact surfaces of the hinges. The approach
is modern, but the possibility of reducing the pressure in
the contact zone is not considered.

In [3], the spindle with the original design of the ball
joint is considered. With the growth of skew angles, there
is a decrease in the quality of rolled metal and there are
cases of breakdowns. To improve the reliability of the hinge,
studies are carried out on a three-dimensional spatial model.
Uneven operation of the balls in the gearing and their
pinching are revealed, which hinders the use of progres-
sive hinges on powerful mills.

In [4], the causes of the destruction of the spindle
and work rolls are investigated using the finite element
analysis method. It is revealed that the destruction begins
with the breakdown of the share of the spindle head. This
underlines the need for additional study of the nature of
the loads in the hinge and the importance of increasing
its reliability.

In [5], the evaluation of the structural and techno-
logical parameters of the spindle joint is made using the
example of a hot sheet rolling mill. The lack of opera-

tional reliability of the hinge is determined. However, the
features of the hinge at different angles of skew are not
considered.

In [6], a study of the stress-strain state of the rolling
mill spindle is carried out. Safe operating modes and loads
are determined depending on the spindle skew angle. How-
ever, not enough attention is paid to the nature of the
distribution of loads in the hinge itself.

In [7], a new design of the universal spindle hinge
is presented, in which a uniform distribution of contact
pressures is achieved by changing the sectional area of
the liners in length and width.

The authors of [8] using the example of experimental
studies of the plate mill 5000 establish a significant excess
of the dynamic moments of the drive of the rolls during
the capture of the strip. The causes are identified and
a control method is developed, which reduces the load
on the spindle. However, this work does not take into
account the negative impact of dynamic moments on the
work of the hinge.

In [9], theoretical materials on the method of calculating
universal spindles are considered. The outlined material
allows to extend the detailed study of the problem of
wear of the hinge liners with the current trends.

The information in [10] presents the versatile hinges
of universal spindles of the leading Swiss manufacturing
company TNCE GmbH, having high quality and durabi-
lity. The introduction of these hinges in the Ukrainian
states requires a special adjustment for rolls and drives,
which significantly increases their cost and complicates
maintenance.

Thus, the results of the analysis allow to conclude
that there is a need to develop a mathematical model
of the hinge joint to study the nature of the pressure
distribution in the contact surfaces and the development
of tools to improve the reliability of universal spindles.

5. Methods of research

Analytical research of loads in the hinge area is con-
ducted to search for a rational design of the hinge spin-
dles (Fig. 1). The hinge includes a liner 1, which is lo-
cated in a special cylindrical groove of the spindle head 2,
roller blade 3. The blade and the liner segments are joined
by axle.

| =

L

Fig. 1. Equipment and loads of a typical universal spindle hinge of a rolling mill: 1 — liner; 2 — special groove of the spindle head; 3 — roller blade
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In Fig. 1: dx ‘y 22X dx
Dy — hinge diameter;
d — tolerance value of the fit tole- B A4 2C
rance; 2 | 1 dR
ay — hinge length; e N\
ay — distance of the averaged pres- Py,
sure on the liner from the central axis % f— X
of the hinge; I,,Di- ! —_ — . —r éS g | ——
B — point where there is a maximum
pressure value; g /7 v
2R — diameter of the spindle head; p R w2
M, — torque on the spindle; * ”Z b B

"Me

By — length of half section of the

=

contact surface of the liner;

By — length of half section of the
bearing surface of the liner;

Cy — transverse size of half section of the spindle axis;

Py — plot of pressure distribution on the unloaded
side of the liner;

X — full size section of the hinge axis.

It is known that the main element that is replaced
during repairs is liners, which are usually made of antifric-
tion materials based on bronze and are more susceptible
to wear. Analytical studies are conducted to determine
the nature of the load on the liner segments and the
distribution of pressure along the length. The hinge model
consists of the following assumptions: the liner is com-
pressed between absolutely rigid elements — the roller
blade and the spindle head, where the liner segments are
located (Fig. 2).

In Fig. 2:

8.0, Opo — deformation of the liner in a randomly selected
section and at the edges along the length of the hinge;

2x, dx — respectively, the distance to arbitrarily selected
areas of the working surface of the contact of the blade
and the hinge with extremely small dimensions;

dR — pressure value in this area;

Py, Py, — respectively, the maximum pressure on sec-
tion x and the outer edge of the hinge segment;

2b — length of the contact surface of the hinge;

M — torque of the universal spindle;

2¢ — length of the underformed area of the liner;

A — maximum mounting gap between the liner segments.

In order to simplify the model, the roller blade when
transmitting torque from the spindle to the roller is re-
flected by a straight line 2, and the distance between
the liner segments is equal to the maximum mounting
gap between them:

A=(2:10?-0.55-10")-D,

where D — hinge diameter, mm. According to Hooke’s law
and the accepted definitions of the model, a formula for
the dependence of pressure at a point with x, z coordinates
on the working surface of the insert in length and width is
obtained (Fig. 2, 3) [7]:

_ E-Aa(x-o)
B 2c-[m~a—2-(m—n)]

: (1

Xz

where ¢ — half the length of the non-deformed zone of
the liner segment; m, n, a — dimensions of the insert sec-
tion (Fig. 3); E — elasticity modulus of the material of
the liners.

Fig. 2. The nature of the pressure distribution along the liner length: 1 — liner; 2 — roller blade
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Fig. 3. Pressure distribution across the liner width:
a — diagram of pressure on the contact surface of the standard design
of the sliding joint; b — pressure distribution in the proposed design of
the hinge with bevels; Px4 — maximum value of pressure on the contact
surface; r — radius of the bearing surface of the liner; Za — full liner
width; A, — height of the section of the insert at a distance z from the
central axis of the insert; Y,, — maximum amount of bevel to the side
faces; z — an arbitrary distance on the liner pressure plot

On the basis of a defined formula (1), the pressure
values are calculated across the liner width and pressure
diagrams are constructed that are non-linear with high-
pressure zones (corner zones, Fig. 3, a). This is confirmed
by the nature of the contact loads of the created model
(Fig. 2). A certain uneven pressure negatively affects the
running-in. To reduce the uneven pressures, it is proposed
to change the shape of the liner [8]. On a flat working
surface, bevels are made with a slope to the ends of the

5
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liner in length and with a slope from the middle to the
side faces in width. The magnitude of the slopes is de-
termined by the dependence:

Y., A(m—n)-(b—c)

‘ :2m-c—A~(b—c)’ 2

where b — half liner length.

6. Research results

Experimental studies have shown that the presence of
slopes and the next wear of the working surface within
(0.015-0.1)-D can be achieved by equalizing the pressure
across the width of the liner (Fig. 3, b). The pressure in
this case is determined as follows:

A~(x—c)~K

P, =
A da-c

3)

where K — specific stiffness of the liner (stiffness coefficient
of the liner of unit length).

To determine its value, the ABC arc is replaced by
two chords (Fig. 3, a, b). In this case, K will be equal to:

K:2Ej.£= 2E~a~ln(m/n)’

m-—n

(4)

where dz/h,, — thickness gradient of the liner segment.

In accordance with the laws of geometric modeling,
the segment 7, n, m, a, b and half of the blade thickness §
are directly proportional to the radius R, of the liner
segment (Fig. 3) and are determined by the formulas:

r:Kr"Rh; n:Kn'Rh; m:Km'Rh;

a=K,-R;; b=K,-R; S=Ks-R,

where K, — proportionality coefficient of the bearing surface
radius; K,, — proportionality coefficient of the external liner
height; K,, — proportionality coefficient of the maximum
liner thickness; K, — proportionality coefficient of half the
width of the liner segment; K, — proportionality coefficient
of half the blade length; K, — proportionality coefficient of
half the blade thickness; R; — hinge radius.

The specific stiffness of the liner K will be equal to:

2K, (KK
(K -JK?-K2) n(JK,? K2 -Ky)

:KO'E7 (5)

where Ky — generalized coefficient of the specific stiffness
of the liner.

From the above calculations it can be seen that by
reducing the elastic modulus of the material of the liners, it
is possible to achieve a significant decrease in pressure on
their working surface. For standard hinges: K,=0.45...0.46;
K,=0.30..0.31; K;=0.25...0.26 and K,= 5.

To assess the accuracy of certain dependencies [9],
field tests of liner elements 50 mm long are carried out.
They are squeezed between two plates, the contact surfaces

of which corresponded to the working surfaces of the
roller and the blade. The deformation is performed on
a hydraulic press with a force of 4 MN and measured by
three indicators. For the studied elements (m=0.085 m;
n=0.04 m; 2a=0.25 m; E=1.05-10° MPa) with the cal-
culated value K=4.25-10° MPa, the average experimental
value is 3.55-10° MPa. This discrepancy (=16 %) is ac-
ceptable for engineering calculations, allows the use of
certain dependencies for the qualitative assessment of the
parameters of hinges.

7. SWOT analysis of research resulis

Strengths. The research results and the proposed im-
provement of the spindle allow for pressure equalization
across the width of the hinge liner. Compared with the
analogues [1, 2], the service life of the hinge, the univer-
sal spindle and the rolling mill as a whole is increased.

Weaknesses. Somewhat increases the complexity of the
design of the liner due to the manufacture of bevels on
a flat surface with a slope to the ends along the length
of the liner and from its middle to the side faces [9].
The time of liner manufacture increases.

Opportunities. It is planned to develop a more advanced
mathematical model of the hinge for the study of composite
non-metallic liner materials with less stiffness and higher
anti-friction properties.

When introducing the invention and the results of
the study, non-production stops of the rolling process are
reduced due to the increased wear of conventional liners.

Threats. There are developments of damping inserts for
universal spindles of rolling mills, which have a high cost
and are included in the full set of state [10], therefore,
the purchase of such states is economically unprofitable.

1. A mathematical model of loads of a typical uni-
versal hinge joint of the spindle with a possible gap A=
=(2-10°-0.55-10?)-D mm is developed. This model is
designed to determine the nature of the action of loads
on the contact surface in the hinge.

2. The influence of the parameters of the liners on the
pressure in the contact zone is determined; it has a non-linear
parabolic character. The pressure on the contact surface
ranges from 11.55-42.05 MPa. The possibility of uniform
pressure distribution along the length and width of the seg-
ments of the liners is shown. With the following parameters:
x=6 cm; c=4 cm; a=18 cm; K=1.05-10° MPa, the pressure
leveled off and decreased to a value of 35.7-33.64 MPa,
which is 16—-20 % lower than the maximum pressure value
of a typical hinge. The calculated specific stiffness of the
liner (4.25-10° MPa), which is 16 % different from the
experimental value, is determined.
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EXPERIMENTAL STUDIES
OF FORMING DESIGN AT DYNAMIC
LOAD

O6’ckmom docnidcernv € npouec pyxy Gopmoymeopiouoi KOLCmpyKyii 6i0payiinoi YycmanosKku i3 npocmopo-
sumu Koausanusmu. OcnoeHuM Hedoikom nodibHux 6IOPOCUCTNEM € GIOCYMMICTY OANUX NPO B3AEMOCTIUGC MAULUN
i cepedosuuy. Pospobiena ma 6uzomosiena excnepumenmanivia sibpayiina ycmanosxka. Yemanosxa ooiaonana
080MA ACUMEMPUUNO BCMANOBIEHUMU SIOPAUTTHUMU 30Y0XCYBAUAMU KOLUBANHD, SKI NPUKpInLeni 6e3nocepedivo 0o
hopMOYMEOPI0I0U0T NOGEPXIHL. 3ANPONOHOBANO HOBY MEMOOUKY GUMIPIOBAHISA PYXY (POPMOYMEOPIOIOUOT KOHCTPYKUIT
i3 posmawyeaniim 0aMUUKi6 6 30HaAX OUHAMIUN0Z0 HaAGaNMadcents. B 0ciosy ixnvozo posmawyeanis nokiadeno
nepeoymosy GUIHAUEHI KOHMAKMHUX CUL 83AeMO0LT niocucmem mixc co6010. A maxoic OuinKy cnieeioHouwens
uacy 0ii ma uacy posnogcrooycenns xeuiv. Taxuil nioxio € HOBUM, OCKIILKU 6PAXOBYE PeabHi CNIBEIOHOWEeHHS
QUNAMIYHUX NAPAMEPIE MAWUNI T cepedosuuya Mide c00010 1 Cmyninb 63acMo8nausy. B x00i docrioncenis suko-
PUCTNOBYBANUCS 3anucu besnepepenol Qikcayil posnooiienns aKkmusHux KoIUeas hopmMoymeopiouoi nosepxui.
Ompumano npunyuno6o HoBUN Pesyivmam, AKuil Noiizae 6 MoMY, wo nepexionutl npovyec nepeddbaueno epaxo-
BYBAMU NPU BUHAYEHT NAPAMEMPIE MA MICUb POIMAUYEAHIHS 6IOPAMOPIE. 3A60AKU UbOMY Peani3yIomvcs opmu
BILACHUX KOIUBAND CUCTIEMU 3 OLIGUUMU 30 SHAYEHHUAM AMNIIMYOAMU KOIUBAHD A GI0N0GIOHO HUNCHOTO UACTNO-
moro. Y nopisusuni 3 ananozivnumu 6i0oMuUMU KOHCMPYKUIAMU 8I6POYCMAN0B0K Ue 00360AE 3HAUHO SMEHUUMU
enepzoeMnicms npueodis 6ibpauitinoi mawun. 3acmocysaniis NHeeMamuuHux 30YOHUKI6 8 PealbHUX 3A600CLKUX
YMOBAX 3HUNCYE PIBEHb WYMY MA NPUCKOPIOE WEUOK00H0 npouecy yuwirvienns bemonnoi cymiwi. Pospobaeni
npaxmuuni pexomenoauii Ois Pauionaivbnozo KOHCMPYKMUEH020 0(hopMieHis nepepizie Gopmoymeopionuoi
Koncmpyxryii. Busnaueni mexnonoziuii napamempu Koiusany 3 HOGUMU SHAUEHHAMU SUXIONUX YUCIOBUX SHAYUCIHD
AMNIIMYOHO-UACTNOMI020 PeHCUMY 30YOHUKA KOAUsas. [Ns KOHCMPYI08aniis noOiOHUX (OPMOYMBEOPIOIOUUX
KOHCPYKYIU 6U3Hadeni Micus ycmanosxku siopamopie. Ompumani pesyiomamu Mojicyms Oymu uKopucmai
Y CYMINCHUX NPOUECAX, HANPUKLAO, 8 20PHOPYOHIL NPOMUCIOBOCTIE, K AKMUGHT NOGEPXHI s MPAHCIOPMYBANILI
PYou, 0ist nepemiueniist CYcnensii i PoUUnie 6 XiMiunii nPOMUCIOBOCTII.

Kmouosi cnosa: excnepumenmanviia Mooenb, hopmoymeopoioua KOHCMPYKUis, nPoCmopose HaAGAHMANCenLs,
HANPYACeHo-0ehopMOsaAnUil Cmai.

Nazarenko I,
Dedov 0.,
Svidersky A.,
Oryshchenko S.

high quality of the finished product, a significant reduction
in energy costs and increased productivity. Energy saving
is an urgent task of research and development. Vibra-
tion machines and processes occupy an important place
in the construction industry. With the help of vibration,

1. Introduction

At the present stage of development of the construction
industry there is an urgent problem of introducing such
technologies and machines, which make it possible to ensure

s
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