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Abstract. The article presents the analysis of directionsinafeasing wear resistance of
working surfaces of rolls. A technical solution diped at the level of the invention is
proposed, which is simple to implement in produttimnditions and which makes it possible
to protect the roll surface from heavy wear dueudacing of wear-resistant mesh material,
cells of which are filling with grinding materiat ithe process of work. Retaining them enables
one to protect the roll surface from wear. The paveells on conditions of pressing materials
in cells of eccentric rolls on the working surfasgh a grid of rectangular shape. The paper
presents an equation for calculation of the cefhatision that provides the lining of the
working surface by a mill material with respectit®properties. The article presents results of
comparative studies on the grinding process ofagroller grinder (PRG) between rolls with
and without a fusion-bonded mesh. It is clarifiédttthe lining of rolls working surface
slightly reduces the quality of the grinding, sirtbe material thickness in the cell is small and
has a finely divided and compacted structure wifn Istrength.

1. Introduction

Materials used in the cement production have aasa structure, and its grinding between rolls of
the press roller grinder (PRG) leads to intensieamof working parts that reduces the efficiency of
their using.

At present such German companies as KRUPP PolysisKkHD Humboldt Wedag AG and
Koppern [1-6] are most fruitfully working on theeation of reliable high-pressure PRG designs. In
the process of creating the PRG model, the greaitshtion of these organizations is paid to
reduction of operating costs and improvement ofrétiability of units. In this case, main directsn
are development of the design of roll working scefaand the technology of their manufacture. They
propose the following structural rolls design torgase service life:

- rolls with cast tires made of wear-resistant metdlich are used at not high working pressures of
grinding and temperatures. Their service life, aelgmy on the abrasive material, ranges from 1500 to
15 thousand hours [7,8];

- steel rolls with welded or melted layers of weasistant metal. The layer thickness reaches up to
10-12 mm. Re-welding can be performed on the rdhout dismantling it from the unit. The service
life of such rolls is up to 17 thousand hours;

- solid rollers are used in high pressure grindthg;thickness of the metal wear layer reaches up t
160 mm, and the service life is up to 40 thousangh
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For small working pressures, segmented roller desigve been developed. The reliability of the
operation of such roll depends on specific pressirehe working zone and temperature of the raw
material, the service life of segment rolls reach@90 hours.

The roller, consisting of a shaft with a bandadacited to it, is characterized by low capital costs
easy mounting of the bandage and optimal seledfionaterials, since requirements for the shaft and
band materials are different.

Produced by the company Seibel brothers [9,10], RB&changeable roll bandages made of wear-
resistant material (Nihard) to increase the uniise life.

2. Themain part

The practice of applying PVI shows that the rollrlwing conditions have a significant influence on
the roll working capacity. For example, the higmperature of the starting material may pose a
significant danger to rollers with bandages. Thanefin addition to the widely accepted designhef t
roll with a bandage, the technology of obtainingpéid casting roll is developed. Such technology fo
making rolls provides for the protection of the éasaterial with a wear layer or use of heat treatme
Depending on the specific requirements, the roflase can be profiled to improve the ability togpa
the material in the work area. The average hasdagshe roll surface is from 57 to 60 HRC with a
high content of carbides. The technology of ovenigyhe surface layer improves the wear resistance
of rolls. Such rollers are preferably used in thsecof variations of starting material temperature.

Alternative solid surfacing of the surface layettie solution on the surface of rolls accordingto
scheme protrusions or profiling of its surfacethis case, the means to combat rolls wear are not a
corresponding increase in the thickness of theeptvie layer.

Using press roll grinder with eccentric or conicals makes it possible to create intensive shegarin
deformation of the grindable batch between theersll This leads to reduce the specific power
consumption, but this entails to an increased waaheir working surfaces. Therefore, there is@dne
to develop technical solutions for protecting mlirface from intense wear to increase their service
life.

One of the most simply technical solutions is prtig rolls surface from heavy wear using a
carrier made of wear-resistant mesh material, wilelments are filled with a grinding material to
protect rolls surface from wear.

To ensure the lining of the roll surface, the mesinfacing must be done so that the crushed
material is pressed into the cells at the momemjrioiding and, after the stress is removed, doés no
leave them and thereby forms a layer of materiségged in cells) that protects the rolls working
surface from intense wear.

From the foregoing, it follows that the conditiolms working surface of lining rolls depend to a
large extent on the geometric profile and dimersiohthe cells, as well as on the properties of
materials, in particular, the friction coefficient.

Conditions for material pressing in cells of ecdenblls on the working surface with a rectangular
grid are reported in Figure 1.

The compressed material after passing the zoneasdinmum pressure is subjected to sudden
removal of grinding forces that causes its elasttpansion. Depending on the cell shape and
magnitude of material elastic expansion forcesait exit or jam in a cell on roll working surfaces.

Cells with rounded corners are formed along radiisgure 1b, 2) by padding grid surfaces of the
rolls due to the wall effect in the cell cornergtlus suppose that force F, arising from the foodes
elastic expansion, is in the cell equal to the whadlits side surfac&;q¢. Then the force acting on an
infinitesimally small area of the cell side surfagéh perimeter length,land height is equal to:
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Figure 1. The working surface of the bandage roll with weldsh: a — general view, b — view from

cells.

The magnitude of the force acting on the entirerfdtsurface of the cell is:
dFgy4e =crlda(2nr +2mr)xF da @)

wheren andm - the numbers of a multiple of fillet radius accordingly, the height, width and
length of the cell.

Force dige is decomposed into vertical gifz) and horizontal dig{x) and dEs{y) components.
Horizontal forces dizdx) and disdy) are mutually compensated, as oppositely dicertehe cell.

Figure 2. The scheme for determining the shape and sidgectll.
Vertical components give total foroEFsidez equal to:

ZIZsidez = J.dFside(Z) [cosa = 2r2d0( (n + m)F ><J.COS(]d(] '

3

Integrating expression (3), the following expreasmobtained:
SFiqe, = 2r° (N + M)F, Bina | 4)
The force acting on an infinitesimally small arddl® spherical surface at the cell corners is:
2F4 =rda [rcosa [dF (5)

Projections of forces on the “x" and "y" axes angtunally compensated, and the projection on the
"z" axis is equal to:
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>Fy, = dF 4 cos a (6)

The total force per axis "z", which comes to theéirenspherical surface, consisting of angled
hemispheres of radius r, is determined by exprassio

T
21 2
SFy, =r°F Idfjsinacosada -
0 0
Integrating the expression in these limits, oneaivist
— 2
ZFSfZ =mF (8)
The force acting according to norms of the celfese area, $is equal to:
F, = ScF o F,=(nrlmr)(F =F[mn r? ©)

Then the total force, which provides the outputrfrime pressed charge from the cell, is:
ZE:ZFside+Zstz+Pn (10)
or
YF =2r*(n+m)F Sing+ 7r °F + F Oon r?. (11)

The exit of the pressed charge from the cell ivgméed by the frictional force of the material on
its side surface. The lateral surface consistsspreerical part in corners of the cell, a roundediase

between them and a parallel surface along the pégimof height "c".
The total projection of forces acting on infinitedynall portions of the lateral surface along the

radius of the cell rounding on taexis is:
Fub :I fdFggeSina = —f 2r*(n+m) [F [tosar 12)

The total projection of forces acting on infinitedgnall parallel sections of the lateral surfacéhef
cell with a height "c" on the z axis is:

Firp = | 0Fgqe =~ fre(n+m) (F (13)

The total projection of the frictional forces acgtian infinitely small parts of the spherical sudac
in the cell corners on the "z" axis is equal to:

Fog = fdF¢ ,sina = fw?F (14)

The total force that holds the pressed batch ircétls is:

Z Ftr = Z Ftr bt Z Ftr.sor (15)

or
ZFtr:f(Zrz(n+m)F [¢osa + frc(n+m) [F + fsz _ (16)
Conditions for crimping the crushed material inl< on the working surface of rolls will be
ensured in cas®_F, = > F, then:

2r’(n+mF Bing+ F O0nn r?+ mr2F < f@2r*(n+m)F [dosa + .
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+ fr 2F + fre(n+mF (17)
After carrying out transformations, one obtains:
2r?(n+m)F $ing + F 0hmr® + 71 °F

~ 2r’(n+m)F [Gosy + r°F +rcn+m) [F - (18)
After making abbreviations, one obtains:
2r((n+m)[sina+nm/2+7/2)
2 (19)

~ 2r(n+m) oy + 7T +c(n+m) -

Proceeding from the above-mentioned conditionsclvknsure the "lining" of the working surface
of eccentric rolls, let us further consider theagucell variant, forn=1, m=1,¢c=3 mm, rRal=

45,
fs 2r(n+m)[sing+nm/2+n/2)  438ina+ 414
T 2r(n+m)tosy + 7T +c(n+m) ~ 4lcosr+1314

From obtained equation (19), it follows that ataue of anglea less than 4% the lining of the
working surface by the material to be crushed capdrformed, while the height of the side surface
"C" must be at least 3 mm. Pressing in the cell bal carried out by materials under investigation
with a calculated coefficient of external frictitess than 0.37.

The practical application of a reticulated surfagith cell sizes satisfying above-mentioned
conditions will make it possible to reduce the wogksurface wear of rolls and thereby increase the
roll service life.

Experimental studies, carried out in the grinding cement production materials (clinker,
limestone, marl and others), have confirmed théakeassumptions that roll application to the cell
surface provides not only the best conditions finding materials, their delivery to the force zone
with less slippage, but also pressing in them speticles of the material to be crushed (Figure 3)

= 04. (20)

Figure 3. Rolls PRG with welded mesh on their working suefee - before the grinding process; b -
after grinding

The roll surface with cells filled with small padtés of the material has a hardness that is lower
than original metal. This leads to the appeararicelastoplastic deformations in the processing of
pressure materials.
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Figure 4. A graph of the dependence of the crushing degndbecrushing pressure:
a — not lined rolls; b-lined; 1-limestone organageB- clinker

This phenomenon has little effect on the grindingepss, since the material thickness in the cell is
small and has a finely divided compacted structuith high strength. In addition, during processing
materials with pressure in the PRG, the materigirdgind in its layer under the action of forces and
various strengths of its grains.

Comparative studies carried out on the grindingess in PRG with weld lining mesh and without
it have confirmed the assumptions that using adimhesh makes it possible to protect the roll sarfa
from intensive wear, while negatively affecting tngality of the grinding of materials (Figure 4).

As can be seen from the graph, differences betvadained values are small, while the roll
service life, as shown by industrial tests carrged with the grinding of abrasive materials, will
increase almost 1.5 times.

3. Conclusion
Thus, the technical solution developed at the lef¢he invention makes it possible to protectribie
surface from heavy wear due to surfacing from teamresistant mesh material, whose cells are filled
with grinding material during work and, while retaig them, and to protect the roll surface from
wear. As a result of consideration of material pireg conditions in the roll cells on the working
surface, which are applied to a rectangular grideguation is obtained that makes it possible to
calculate dimensions of its cell providing the digiof the working surface with a material to be
grinded, taking into account its properties.

Comparative studies on the grinding process inPR& with the weld lining grid and without it
identify the slight reduction of the grinding quglby the fettle of roll working surface, becaubke t
material thickness in the cell is small and hasely divided compacted structure with high stréngt
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