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TIGHTING THE PIECES OF MATERIAL IN CENTRIFUGAL ROLLER MILLS

Stefan Pulev
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ABSTRACT. The grinding bodies in the centrifugal roller mills are cylindrical rollers that roll on the inner cylindrical surface of the mill drum. Trapped between the roll
and the drum, the ore particles are crushed by the large centrifugal forces. In this work, a mathematical relation is obtained between the dimensions of the drum, the
rollers and the particles entering for grinding, so that the angle of capture is optimal. This allows maximum reduction factor (ratio) and high productivity to be achieved.
A numerical example is also provided.
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3AXBALLAHE HA MATEPWATA NPU LEHTPOBEXHUTE PONKOBW MEJTHULIU
CmedpaH [ynes
MurHo-eeonoxku yHugepcumem ,Ce. MeaH Puncku®, 1700 Cogpus

PE3IOME. MeneluuTe Tena B LEHTPOGEXHUTE DOMKOBM MEMHULM Ca LMIMHAPUYHW POMKM, KOUTO OBTbpKansaT BbTpelHaTa LUMAMHOPUYHA MOBbPXHUHA Ha
GapabaHa. MonagHanu Mexgy ponkata u 6apaGaHa, YacTULMTe pyaa ce HaTpollaBaT GnarogapeHue Ha ronemute LeHTpoGexHW cunu. B Toau Tpya e nonyyeHa
3aBUCMMOCT MeXay pa3mepute Ha Gapabaka, PonkuTe U NOCTbNBALLMTE 33 CMUMAHEe YacTULM, Taka Ye brbibT Ha 3axBalyaHe fa e onumaneH. Taka Moxe fia ce
MOCTUrHE MakcManHa CTeneH Ha CMUNaHe U BIUCOKa NPOM3BOAUTENHOCT. MPUNOXeEH e U YUCTEH NpuMep.

KntoyoBu aymu: He Ll,eHTp06e>KHa ponkoBa MenHuua, brbn Ha 3axsallaHe

Introduction These tangents are perpendicular to the lines OO, and
The working bodies of the considered machines are the 00,
cylindrical steel rollers, which rotate at a high angular speed,
press the ore pieces to the cylindrical drum and break them
(Pulev 2013, Sezonov 2011, Chalashkanov 1978, Cvetkov
1988). Grinding is due to the large centrifugal forces. The main
technological parameter is the gripping angle o , which directly
affects the grinding intensity. When the angle is too small, the
grinding rate is very low. At a large angle, the grinding rate
increases, but the productivity decreases. The aim of this work
is to determine the optimal gripping angle taking into account
the dimensions of the drum, the rollers and the particles
entering for grinding.

Analysis

The determination scheme is shown in Figure 1. The mill
drum is represented by a circle of diameter D and center O .
The roller with diameter d and center O, rolls without sliding

on the inner cylindrical surface of the drum. The centrifugal
force presses the roller tightly against the housing and
eliminates the possibility of detachment or slipping. The ore

piece has a regular shape with a diameter X and center O, . Therefore, the angle £0,0,0 = a can be determined

The gripping angle is formed between the tangents to the ore by a triangle with sides
piece at the points of contact with the drum and the roller.

Fig. 1. The determination scheme
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By the law of cosines in triangle O,0,0

(D-x)+(d+x)-(D-d)*

O T (D= x)d +x)

With using trigonometric identity

tq o /1—c05a 2
2 1+cosa

after transformation from (1) and (2) is obtained

a [-x*+(D-d)x
0 2_\/ Dd ' @

The condition for tighting the ore particle is
as2p, )

where p is the angle of friction, and u=1gp is the

coefficient of friction between the ore particle and the steel
drum and roller. Condition (4) is equivalent to

tg%Stg/O:ﬂ(s).

From (3) and (5) the inequality is obtained
—x*+(D—d)x <
Dd B
or
x? —(D—d)x+4°Dd >0, (6)

The roots of the quadratic equation corresponding to
inequality (6) are

D-d+.(D-d) -44°Dd

X2~ > :

which after transformation acquire the species

(D —d)(li /1-(3{'3‘;2]

X2 = 5

It is known that a functon f(t)=+1—tcan be
described by a Taylor series and at small values of the
argument |t/ < 0,089 can be represented as

Ji- zl—%t. )

Taking into account (8), formula (7) is transformed into

o)

2

Xi2=

Thus for the roots of the quadratic equation is obtained

2
Xl= ‘Ll Dd y
D-d
y _(D-d) - u*Dd o)
2 .
D-d

The solution of inequality (6) is
X & (=00, %, U [x,,+o0) (10)

The condition that the ore particle is smaller than the roll,
ie.
x<(0,d). (1)

From (10) and (11) the final solution of inequality (6) is
obtained

x e (0,%]. (12)

Therefore, optimal grip is obtained when the maximum size
of the particles entering the grinding is determined by the
formula

1°Dd

Xax = ,
D-d

(13)

Therefore, the size of the ore particles depends on three
circumstances
- the diameter of the drum, which cannot be substantially
changed with a centrifugal roller mill operating;
- the coefficient of sliding friction, which depends on the
material of the drum, rollers and ore particles;
- the diameter of the rollers.

The only way to ensure an optimal angle of capture is to
select the dimensions of the rollers depending on the size of
the ore particles. The diameter of the rollers can be determined
by the formula

q= Xppax D

Xowe + 4°D

obtained after transformation of (13).
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Numerical experiment and discussion

An example is a centrifugal roller mill with diameters of
drum D=1,2m and roller d = 0,2 m. The coefficient of

friction between the pieces of ore and steel is ¢ = 0,3. For
the discriminant of (6) is obtained

(D —d )2 —44°Dd =09136>0. The roots of (6)
have the following values: X, = 0,022, X, =0,978. The

inequality X, <d <X, is satisfied, which proves that the

interval (12) is defined correctly. Applying the derived formula
(13) to the diameter of the particles fed for grinding is obtained

Xrax = 0,022 m=22 mm .

Figure 2 shows the dependence of X on d with a drum
diameter D =1,2 m. ltis obtained according to (13) and can

be used by technologists in the operation of centrifugal roller
mills. With the aid of Fig. 2, the diameter of the rollers can be
selected according to the size of the ground particles so that
the gripping angle is optimal.

The productivity of centrifugal roller mills and the degree of
grinding directly depends on the correct determination of the
diameter of the rollers according to the size of the ore particles.
Therefore, the dependence obtained in this study (13) may be
useful in mineral processing.
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Fig. 2. Influence of the size of the ore particles on rollers
diameter
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