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Abstract
Introduction. Despite being underused due to its low heat transfer, silt coal is an attractive thermal
energy source. Silt coal is molded into briquettes by press machines, mostly roller presses marked by
high reliability and relatively simple design, to increase heat transfer. The quality of the resulting
briquette depends on the pressing force of the working elements.
Research objective is to determine the relationship between the force parameters of the press and the
physical and mechanical properties of the pressed material.
Methods of research. The interaction between the rollers and the pressed material is analyzed in the
deformation zone pressing area. A plane problem is solved considering the uniform distribution of
material pressure across the roller generatrices. An elastic-visco-plastic rheological model is used to
describe the stress-strain state of the pressed material. The model best reflects the behavior of an actual
physical medium.
Results. For the adopted rheological model, analytical dependencies between the pressure put on the
pressed material and the press angle have been obtained for various stages of material deformation.
An analytical relation between the pressing force, the moment of resistance to roller rotation, press design
parameters, and the physical and mechanical properties of the pressed material has been determined.
Conclusions. The obtained dependencies will contribute to a more conscious choice of the press power
equipment that ensures roller compression and the drive of the required power to produce high-quality briquettes.

Keywords: roller press; design parameters; briquette; pressing force; moment of resistance to
rotation, elastic-visco-plastic model; press angle.

Introduction. Concentrate and waste are the products of rock beneficiation in
opencast coal mines. Silt coal is usually stored in tailings storage facilities [1]. Recently,
there has been a growing tendency to process coal-bearing waste [2, 3]. Silt coal is
molded into briquettes to increase heat transfer [4, 5]. The process is mostly performed
by roller presses marked by high reliability and relatively simple design [6, 7].
The press force parameters must ensure the production of the required quality [8, 9].
This research aims to determine the relationship between the force parameters of the
press and the physical and mechanical properties of the pressed material.

Methods of research. The following assumptions were made while studying the
process of silt coal interaction with the rollers of the press:

1. The force acting in feed and motion zones consists mainly of silt coal friction
(sliding friction) against the roller surface and pressure caused by the gravity of silt coal
with the bulk density and located above the pressing area [10]. These forces are tiny
and incomparable with the forces acting in the pressing area, and therefore can be
neglected. So, in the deformation zone pressing area, the rollers are exposed to the main
force action from the silt coal.
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2. Roller surface pressure along any generatrix is evenly distributed [11], which
means that a plane problem is solved.

3. In the pressing area, the layers of the material stop sliding against each other and
against the surface of the rollers [12] due to a significant increase in the material-rollers
friction. As a result, the elementary horizontal layer of the material in the pressing area
does not change its orientation and shifts down vertically. Material is therefore deformed
under the conditions of horizontal uniaxial compression in the pressing area.

4. The material in the pressing area is displayed as a rheological model. Its parameters
are defined by experiment according to the existing methods [13]. Press angle a, . is
also regarded as known from the uniaxial compression tests.

- \m
S~

| B /IO
\ Ry ‘ ¢ / ‘ \ Hyriguette
\ YAl \
\ R/ | / \ [
AN / N
v N
_ ‘ s ~ [ -

Mcompr a
0,

Fig. 1. Scheme of interaction of press rollers with compacted waste
Puc. 1. Cxema B3auMoeiicTBHS BAJIKOB IIPEcca C YIUIOTHASMBIMH OTXOJaMHU

Considering the accepted assumptions, the scheme of roller-pressed material
interaction may be represented as shown in Figure 1.

Force F . from the deformed material, which creates the roller compression
inhibiting moment of thrust about the O, axis, meets the optimal force of pressing for
the particular material, as far as the briquette quality is concerned [14]:

F;)ressa = Mcompr’
where M is the moment of compression created by the power equipment of

compr

the press about the O, axis, N - m; a is the distance between the bearing axis O, and the
roller axis of rotation O,, m.
Under F a>M,_, . the required quality of briquettes will not be achieved. Under

eSS compr

F_a<M the required quality of briquettes will be achieved, but the capacity of

press compr’®

the power equipment will not be used effectively.
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So, by the pressing force, we shall mean force £ directed along the roller radius.
On arm a, F_  creates the moment of thrust about the O, axis that is as big as all the
radial forces exerted on the surface of the roller in the pressing area.

The modified roller radius, m, is determined by the formula [15]:

R =R-— H, briquette

0 2 )

where R is the roller radius, m; H, qustte
briquette, m.
The briquette compaction ratio is determined by the formula:

is the average thickness of the finished

Kcomp — pbriquette — H() , (1)

p bulk H, briquette

where py ;... 18 the density of the finished briquette, kg/m®; p, .. is the bulk
density, kg/m3; H, is the distance between the generatrices of rollers along the upper
boundary of the pressing area, m.

It follows from the right triangle AOB (Figure 1) that:

H,-H,.
cos (Xpress — % — (RO _ 0 2 briquette ]RO_I- (2)

Considering equations (1) and (2), we obtain the press angle formula:

Koy = 1) Hyy
a Tress = arccos 1— ( comp ) b“quelte )
p 2R,

Let us consider the deformation of the elementary rod BB, (Figure 1). Angle a is
read from the line which connects the roller oscillation axes. Axis Ox is directed
alongside the deformed element with a reference rigidly bound to the left edge of the
element (moving frame). The deformation begins to be counted when the length
of the deformed element is H, which agrees with the angle a = a_ .. So, the initial
conditions will be as follows: at x = 0: pressure on the element p = 0, element length
H=H,, anglea=a,,..
The linear speed of any point on the roller surface is

V =R, = const,

where o is the rotational angular velocity of the roller, s7!.

Let us break the linear velocity down into two components: the horizontal V, . and
vertical V__ (Figure 1). Then the approach velocity of the two points B and B, (lines
BB, and OO, are parallel) is:

V(a)=2V,

horiz

=20R;sino. 3)
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Velocity V(o) agrees with the speed of material deformation in the pressing area:
V(a)=x"(a).

Following Figure 1, the length of the deformed element at an arbitrary moment is
H briquette
H(o)=24C=2 RO—AOJrTCl .

After the right triangle AOB has been considered, let us rearrange the equation into
the following form:

H (a) =2R, (1 —cos oc) + Hbriquem. 4)
BB, deformation at an arbitrary moment is

x(a)= H(ocpress)—H(oc).
Considering (4) we get

x(a)=2R, (cosa —cos ocpress). (5)

The Bingham body (Figure 2) best reflects the behavior of the actual physical
medium, so it is used in a rheological model.

Ideal elastic and elastoplastic are the two stages of material deformation.

Elastic limit deformation x, corresponds to the moment when the pressure becomes
equal to the yield stress p = O,;iq (the moment of the Saint-Venant’s body action), while
X, 18 the final deformation (Figure 2).

At the ideal elastic stage of material deformation, the pressure is lower than the
yield stress: p <o, 4.

Elastic deformations x = x,, are typical for this stage, and only Hooke's body resists
deformation p,, which is equal to pressure p.

Pressure

p(a)=bx(a),

where b is the material’s modulus of rigidity, N/m3.
Considering equation (5) we obtain

plo)= 2R0b(coscx —COS QL ) (6)

When the pressure p reaches the value of the yield stress 6,4, equation (6) will
become:

ploy)=0c,= 2R0b(cos Ol —COS Ol ) (7)

Let us derive angle o, from equation (7):

Or

o, = arccos( +eosa,. }

0
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Let us refer to angle o, corresponding to deformation x, as the angle of the elastic
limit deformation.

At the elastoplastic stage of material deformation, pressure does not exceed the
yield stress p > 6,4
The following dependencies are typical for this stage:

p:pb :Gyie|d+pu;

!

pp = l"lxplaslic;
by = bxy;
x = xy + xp]astic’

where x | . is the plastic strain, m; Py is the resistance to deformation, N/m?, by the
Newton’s body; u is the coefficient of dynamic viscosity of the material, N - ¢/m3.
Considering

!

X =y -E
plastic — b ’

the differential equation of the behavior of the model under p > 6,; ,, will become
, b , b
P'(a)+=p(a)=bx"(a)+ =0
K [
Since x'(a) = V(a), then considering equation (3) and having denoted b/ = 1, we get:
P'(a)+1p(a) =2b0OR, sina+T0,,. (8)
Equation (8) is the first-order linear differential equation, the general solution to

which is as follows:

2bR,® .
pla)= 1+RE2 (tsino—cosa)+o

+ Cexp(—10).

yield

Having denoted
_ 2bRyw

K ,
1+7°

we get
p(o)=K(tsina—cosa)+o, +Cexp(—ta).
The integration constant C is derived from the condition p(a,) = 6,;4:
C =K (cosa, —tsina, )exp(to, ).

Having denoted

A=(cosa, —tsina, )exp(to, ),

we get
C=KA.
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Then the partial solution of the differential equation (8) becomes:
p(o)=K(tsina—cosa)+o, +KAexp(—ta). )
Let us break pressure p(a) acting on the roller surface in a point B, from the direction

of the horizontally deformed element into two components: radial p (o) and
circumferential p (a) (Figure 3).

p
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Fig. 2. Rheological model of the compacted material
Puc. 2. Peonornueckast MOJEIb YILIOTHAEMOTO MaTepyania

The radial component p (a) creates the thrust force aiming at pulling the rollers
apart, while the circumferential component p (o)) counteracts the roller drive torque:

p,(a)=p(a)cosa; p.(a)=p(a)sina. (10)

Let us select an infinitesimal arc d/ on the roller surface (Figure 3); along the arc,
the force can be considered constant. Infinitesimal increment of the angle a equal to da
corresponds to the arc. The relation between the arc and the angle is expressed
by the ratio:

dl = R do. (11)

Then the elementary radial force P (a) acting on the surface of the roller with dIB
area, considering equations (10) and (11) is

P (a)=p(a)cosaBR,do, (12)

”

where B is the width of the rolling face, m.
Force (12) creates the elementary moment of thrust dm
equal to

mruse () about axis O,

dmy, (o) = p(a)cosaBR,L(o)da, (13)

where L(a) is the arm of the elementary radial force P (a), m.
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It follows from the right triangle O,0,C (Figure 3) that:
L(a)=asin(a+p). (14)

Considering expression (14), the equation of the elementary moment of thrust (13)
becomes as follows:

dmg,. (o) = p(a)cosa BRasin(o+B)do.

The value of the complete moment of thrust will be expressed by the following
integral:

0 0
= .[ dmy,. (o) =aBR, I p(a)cosasin(o+B)do.

Q.

M

thrust

o3

press press

Finally, the pressing force, according to the definition, will be

0
My = BR, I p(a)cosasin(a+p)da. (15)
a

press

Dpress

Similarly, elementary circumferential force P (a) acting on the surface of the roller
with the area dIB, considering (10) and (11), is

P.(a)= p(a)sinaBRda. (16)

T

Elementary torque dm (o) from the action of force (16) about the axis O, is
dm, (o) =BR; p(a)sinado.

The complete moment of resistance counteracting the roller rotation about the
axis O, (Figure 1) is found by summing all elementary moments in the pressing area:

M. . = jl dmc(oc)zBR(f j‘ p(a)sinado. (17)

resist

o [o3

ress press
For the press drive calculation, it should be taken into account that the moment of
resistance M_.  counteracts the rotation of only one roller.

By substituting equations (6) and (9) into equation (15), we get:

press

)cosasin(a+B)d(x+

press

F =BR, T2R0b(cosoc—cosoc

P

0
+I(Ktsinoc—Kcosoc+c5T + KAexp(—ta))cosasin(a+B)da |.

%



94 “Izvestiya vysshikh uchebnykh zavedenii. Gornyi zhurnal”. No. 5. 2021 ISSN 0536-1028

After integration, we obtain the pressing force formula:

F BRO {Roblicos(al _B)_ COS(OLpreSS _[3) _ COS(3a1 +B)_COS(3apress +B)

press = 2 6
—cos(a, +P)+ cos(oclnress + [3) +

COS 0L, [cos(Zocl +B)- cos(20cpress + B) - 2sin[3>(otl — Ol )]
_I_
2

+

(18)
75 [sin(3a, +B)~3sin(, ~) - 4sinf ]+ cos (3ot +B) + 6eos e, +) -

—3cos(a, —B)—4cosﬁ]+ %[COS(ZGI +B)—2a, sinf— cosB]-I—

+%{exp<_wl)[tsin(2al +B)+2cos(2a, +B) sinB]_ tsinB+2cosp sinﬁ}}

2 + 2
T +4 T T +4 T

By substituting equations (6) and (9) into equation (17), we get:

4
2 .
M ... =BR, { I 2Rob(cos 0L —COS Ol )smadoc +
o ress

P

0
+I(Krsinoc—Kcosoa+cT +KAexp(—roc))sin0Ldoc:l.

%

After integration, we obtain the formula for the moment of resistance to roller
rotation:

Kt , . K .
M, =BR; {—Rob(cos Ol —COS Ty )2 + Tr(sm 20, —20, )+ Esm2 o, +

(cosa, —1)+KA4

10

19
exp(—ta, )(tsina, —cosa, )—1 (19)
T +1 '

Results. The pressing force obtained from equation (18) makes it possible to
determine the value of the moment of compression M, that balances torque F, .
from the deformed material. It will help to select the size of the hydraulic cylinder to
create the proper pressing force.

The moment of resistance M, t found from (19) is equal to the required torque
M, created by the press drive about the axis O1 (Figure 1), which helps to select the
size of the drive.

Conclusions. The present paper introduces a condition for the proper quality of a
briquette in terms of the pressing force value.

A relationship is determined between the press geometry and the deformed

material.
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The laws of material pressure change depending on its physical and mechanical
characteristics for different stages of deformation have been obtained.

As a result, the dependencies between the pressing force, moment of resistance,
the physical and mechanical characteristics of the material, and rollers geometry were
found. By defining the pressing force value, it is possible to choose press power
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Fig. 3. Scheme of the effect of deformable material on the roller
Puc. 3. Cxema Bo3neiicTBHS AeOpMUPYEMOro MaTepraia Ha BaJoK

equipment aimed at ensuring the roller compression, on reasonable grounds. In turn,
the value of the moment of resistance to roller rotation from the deformed material will
make it possible to select a drive with the proper power to obtain briquettes of the
proper quality, assessed by the compaction coefficient.
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TeopeTnyeckoe 060cHOBaHHE CHIIOBBIX MIAPAMETPOB BAJIKOBOIO Mpecca

Jopodeer O. A.!, llumkun E. A.!, Cepedpennnkosn A. A.2, AGpamenxos /1. 3.

! TUXOOKEeaHCKHI rOCY1apCTBEHHbIN YHUBEPCHUTET, T. XabapoBck, Poccusl.

2 TIOMEHCKHIi MH/LyCTpUAJIbHBINA YHUBEPCUTET, T. TroMeHb, Poccust.

3 HoBOCHOMpPCKHIA TOCYAAPCTBEHHBIN apXHUTEKTypPHO-CTPOHMTENBHBIA yHUBEpPCHTET, I. HoBOCHOMpCK,
Poccus.

Pegpepam
Beeoenue. Omxo0wi yeneobozaujenus s6IAI0MCA NPUGTEKAMETbHbIM UCHIOYHUKOM MENI080U IHEPSUL.
Ozpanuyennoe UCnONb308aANUEe MAKUX OMX0008 CEA3AHO ¢ UX HU3KOU menioomoadei. /s nosvluenus
Menioomoauy omx0008 ux No0Gepearom OPUKEMUPOSAHUIO C NOMOWbIO NPecco8o2o 0O0PYO0SAHUSL.
st 6pukemuposanust. nPeuMyueCmeeHHO UCHOAb3VION GANKOGbI Npecc, KOMOPbLl XapaKmepusyemcst
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BbICOKOU HAOEXHCHOCMBIO U CPASHUMENLHO NPOCMOU Koncmpykyuetl. Ha kauecmeo nonyuaemozo dpukema
8aUAEM YCUnUEe NPECCOBAHUA PADOYUX DNEMEHMO8 npeccd.

Lenv pabomur. Hccredosanue Hanpasneno Ha YCMAaHoBNIeHUe CEA3U MENCOY CULOBbIMU NApaMempamu
npecca u UIUKO-MEXAHUHECKUMU XAPAKMEPUCTMUKAMU NPECCYeMO20 MaAmepuald.

Memooonozus. Hccneoosanue 63auMoOelicmeus 6aak08 ¢ NPeccyemMbiM MAmepuaiom npou3eo0umcs
6 30He npeccosanus ouaza deopmayuu. C yuemom pasHoOMepHOCIU pacnpedenenus 0a6leHus Mamepuand
600716 00PA3YIOWUX 8ATKOE Pewaemcs niocKas 3a0aud. Jlns onucanus HanpasceHHo-0ePopMupo8anHo2o
COCMOSAHUA NPECCYEMO20 MAMEPUANLA UCROTb308AHA YNPY20-6A3KO-NAACIMUYECKAS. PEONI0SULECKAs MOOeNb
Kak naubonee NOIHO OMPANXCAIOUAs NOBeOeHUe PeanbHOU QUIULECKOT CPeobi.

Pesynvmameui. [{ia npuHamoui peoio2uieckoli Mooenu Nouy4eHbl AHATUmu4ecKue 3a6UcUmMocmu 0aei1eHusl
Ha npeccyembvlii. Mamepual om yend npeccosanus Ol PA3HbIX cmaouil 0ehopmuposanus mamepuaid.
Yemanosnena ananumuueckas céa3b yCunus npecco8anus U MOMEHMA CONPOMUSLEHUs BPAUEHUI0 6ATIKA
¢ KOHCMPYKMUSHLIMU NAPAMEMPAMU npecca, d makxice QU3UKO-MeXaHuyecKumu XapaKxmepucmukamu
npeccyemozo mamepuand.

Bui6oowi. [lonyuennvle 3agucumocmu nosgonam 0Oonee OCOZHAHHO NOOXOOUMb K 6blOOPY CULOBO20
000py008anus npecca, obecneuusaiouie2o caocamue 8aiKos8, d maxdice K ebloopy npugooa HeodXooumol
MOWHOCIU OISl NOTYYEHUS KAYEeCMEEHHbIX OPUKEMO8.

Knrouesvie cnoea: sankogulii npecc, KOHCMPYKmMugHvle napamempul, Opukem, Ycuiue Nnpecco8amus;
MOMEHmM CONPOMUBTLEHUS BPAUEHUIO, YIPY20-8A3KO-NIACIIUYECKA MOOEeb, Y20l NPECCOBAHUSL.
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