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ABSTRACT

In this paper there is a description of contact zones of grinding bodies with an inclined interchamber partition.
Authors considered arrangement of zones in relation to an inclined partition and found out that these zones are various, and
the contact in the first and second cameras of a pipe mill is carried during some time. Calculation of a contact one for
loading level has been made. Analytical expression for calculation of loading bending around levels has been received. The
combined method of calculation of a contour of active influence zone of grinding loading and contact zone of grinding
loading with an inclined partition has been developed. Calculation of a contact zone for an angle natural slope has been

carried out.

Keywords: mill, contact zone, grinding bodies, drum, partition, loading level, natural slope, active influence, radius, model, rotation

frequency, tilt angle, cross-length movement.

INTRODUCTION

Drum spherical mills are the most widespread in
the world. They have a number of advantages and
disadvantage in comparison with other mills [1-4, 6, 7].
One of the directions on decrease in a specific expense of
drum spherical mills is use of various intra mill devices [5,
8].

In mills with cross movement of loading of a
contact zone of a vertical partition with the grinding
environment in adjacent cameras, mills are defined, first of
all, in coefficients of filling the cameras and practically
coincide in each timepoint (Figure-1). In mills with cross-
length movement of loading, caused by an inclined
interchamber partition, arrangement of zones in relation to
a partition is various and contact in the first and the second
cameras is carried during some time. Such nature of
interaction of loading by an inclined partition allows by
the corresponding choice of a form, the sizes, orientation
in the plane of a partition cracks, to regulate the speed of
passing of a material through a mill, size of the return
stream, classification of a crushed material in a mill and an
aspiration mode [9, 10-16].

From the listed above the solution of a task about
determination of size and form of the contact zone of
loading with an inclined partition becomes clear, including
research of influence on these characteristics of the contact
zone of such parameters, as frequency of a mill rotation,
lengths of cameras, filling coefficient, a tilt angle of a
partition and a corner of a natural slope of loading.

RESULTS AND DISCUSSIONS

We make calculation of a contact zone for
loading level. We define a loading trace on an inclined
partition.

In the motionless system of coordinates in
Figure-2, the equation of the plane of a partition

depending on an angle of rotation of bar mill has the
following view:

Xsin & — ytgfB + zcos & =0; )

where [beta] - inclined angle of partition, degrees.

b

=t

Pl i

ek
iy

&

Figure-1. Zones of contact of the grinding environment
with vertical and inclined partitions: I-vertical partition, IT
inclined partition; a-d - fixed timepoint; b-total area of
contact; ¢ - total area of contact in the first camera; d-total
area of contact in the second camera.
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Figure-2. The settlement scheme of the camera with an
inclined partition:
R-radiusofamilldrum; I- longcameras; h-loadinglevel

£

Figure-3. Plane of an inclined partition.

Relative level of loading in the camera [chi] is
defined by the equation:

2cosé "
1_ 2. 2
3/ngﬂ( X% @)

T . 2
E—arcsmx—x 1-X" =7p+

A=1/R,x=(R-h)/R; ®)

Where [phi] - filling coefficient; [lambda] -
relative length of the camera.

Thus, coordinates of points of a drum surface
(there are two of such points) in which the planes of a
partition and loading level are crossed, are defined from
system of the equations describing the corresponding
surfaces:

x> =72 =1;
xsiné —ytgf +zcosé =0;
Z=-X;

4

(in coordinates, rated on R drum radius). Using
coordinates of the specified points in an explicit form, we
will define

X, =4/1-X7;
y, = CtgB(\1— x> sin & — xcos &);
Z, =-1,
(%)
X, =—1-X%X>;
Yy, =—CtgB(N1- x> sin & + Xcos &);
Z, =—X;
(6)

Further we will consider the plane of the partition
presented in Figure-3.

Points which are defined by formulas are
designated as A andA , respectively. We will define the
equation of the straight line which passing through points
of A A, rigidly connected with the partition.

General view of the equation of a straight line is:

¢ =tgvn+ -

Geometrical interpretation of parameters [nu] and
[mu] is clear from the Figure.

The equation of the direct line A,A,in a

parametrical look in the system of coordinates OXyZ will
be written as follows:

F=r,,+t(f, —Ty);

®)
Or in coordinate form:
X=X, +t(X;, = X,);
y=Y,+t(y, = ¥,);
2=12,+1z,-1,); ©)

Taking into account the above expressions we
will write down the last equations in the following look:
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X=(2t—1)V1-x>;
y = ctgB[V1— x> sin £(2t —1) + Xcos &T;

z=-X;
(10)

Coordinates of the point B are defined by the
equations:

x> +2° =1;

y = —Ctg/;
Xsiné& — ytgf + zcos & = 0;

an
And are equal to:
Xg =—siné;
s =—Ctgs;
Z; =—cosé; 12

Therefore the equation of direct line OB in a
parametrical look will be written as follows:

X=-Ssiné;
y =—SCtgp;
Z=-Scosé;

(13)

Thus, points of coordinates C, being a cross of
straight linesA A ,, are defined by solution of the

equations’ systems given above. Alsowecalculate:

O, = X/cos&;

(14)
And respectively,
X, =—Xtg¢&;
y. = —Xctgp/cosé;
e =% (15)

Taking now into account that length of a piece of
OC is equal on the module to the size of the parameter
[mu], we define:

=X+ + 22
or

f=—x/(cos & -sin f);

For determination of the parameter value [nu] we
will consider vectors

AZA AZ’ (15)
AA 3

Passing from a vector to a vector &
which is parallel to it and differs only on the module, we

will calculate:

a, =1
a, =sin g -ctgp;
a, =0;

(16)

As the point D has coordinates (cos[xi], 0, -

E—

sin[xi]), then projections of a vector b = OD to axes
of coordinates are equal:

b, =cosé;
b, =0

b, =—siné; 17

Asthe angle betweenvectors a b isequalto [nu],
its cosine and sine can be defined through scalar and

- >

vector product of vectors and & b :

(5,6) B cosé

(AA,0D) _(ab) _ .
ab \/1+sin2§-ctg2ﬂ’ (18)

A,A-OD

Cosvy =
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AA.OD  |axb|
siny = = =
AA-OD ab
i J kK i i k
=la, a &, =% 1 singtgf 0 |=
b, b, b VIFSINLGFloss 0 sing

x| 'sin’ &etgB + sing coséetgh] =

|
1+sin® &tg® 4
_ sin’ &tg? B+sin’ E+sin’ Ecos’ MGPA siné/sin B

JLesin® &etg? 8 ~ s wgs (19)

And finally:
tgv =tg&/sin f; o)

. oo AA L
Knowing now the straight line * 1" 2 equation in

system of coordinates [eta] 0 [xi]:

198 X

sin [ 7 cos&sin @

the equation of a partition contour (ellipse with half shafts
1 and 1/sin [beta]):

2 -2 5 1.
n-+¢sin” g =1, @)

AUA,

we can calculate coordinates of points in the
system of coordinates [eta]0[xi]:

n = Xsin§+cos§m;

¢, =(msing - X)/(Sinﬂcos $);

n, = Xsing—coséﬂ;

Gy = (ysinE=x)/(sin feosé)s o

Figure-4. Arrangement of levels of loading in relation to
an inclined partition depending on a rotation angle of the
drum
[phi]=0.25, [lambda]=2.0, [beta]=50°.

The step on an angle of the drum rotation is equal
0.2 degrees.

As the size [chi] entering the formulas, is
function [xi], [phi], [lambda] and can be defined at the
numerical solution of the equations, calculation of

coordinates of points A1A2 for various values of an

angle of rotation of a drum [xi] was carried out on IBM
computers. The text of the program was written in BASIC
language, the conclusion of results in a digital and graphic
form is provided in the program. In Figure-4, as an
illustration, there are results of one of the executed
calculations.
We make calculation of loading bending around levels.

For the purpose of calculation of coordinates of
the line points limiting the contact zone, we will proceed
from situation that this line is a bending around families of

straight lines A A, . Receiving of similar expression for

the equations of the bending around is connected with the
need of performance of a large number of mathematical
operations and leads to excessively difficult expressions.
Therefore we offer a method of numerical calculation of a
contour of the contact zone, rather simply realized on
computer and allowing calculating a loading contour with
sufficient degree of accuracy.

For calculation of coordinates of points bending

around straight lines A1 Az (a contour of the contact zone
will be written down as the equation:
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We will draw line OL at an angle [alpha] and half
shaft OB in the plane of the partition [eta]0[xi], (Figure-3).
The equation of the direct line OL has a view:

¢ =—Ctga - n. 5)

From the listed above equations we can define
coordinate point’s kof crossing of direct lines on the
loading levelA;A,with direct line

OL:
b
m=_——_—">
ai +Ctg0£ (26)
_ _betga
' a+ctga’ o

And the length ria , of a piece OK:

li :VUi2+§i2 =

Thus, having recorded the angle [alpha] and
having executed calculations for a set of values of an angle
of the drum rotation [xi] from 0 to m with a step [delta]

b |

‘ai sina + cosa"
(28)

[xi], we will receive a number of values, ria ,1=1,2,....,n,

n T
where ! = )
Ag
We will remind that & and bi are defined by
expressions:

a; =1tg¢; /Sinﬂ;
b, =— X/(cosé sin B);

(29)

r

Values " ¢i are lengths of pieces OK for traces

of loading level at g = 0: AgazAé: . The smallest of

them can be taken for a point of a contour of a loading
zone. Length of a piece OK corresponding to it is defined
by a formula:

AL (30)

and coordinates of this point of a contour are calculated as
follows

n,="r,sina;

=—r _cosa;
g, =1, G

Having executed the specified procedure of
calculations for a number of values [alpha] from 0 to 7, we
will receive the corresponding number of coordinates
[eta]aiphap, [Xilaipha)y Of points bending around traces of
loading levels on an inclined partition, i.e. coordinates of
points of contact zone of an inclined partition with
loading. In Figure-5 results of the executed calculations
for some values of parameters [phi], [lambda], [beta] are
presented.

a).

~r

Figure-5. Contours of a contact zone of a partition
(calculation for loading level):
a)-[lambda]=3.125, [beta]=50°; 1-[phi]=0.30, 2-
[phi]=0.25, 3-[phi]=0.20
b)-[phi]=0.25, [lambda]=3.125; 1-[beta]=60°, 2-
[beta]=50°, 3-[beta]=40°
¢)-[phi]=0.25, [beta]=50°; 1-[lambda]=4, 2-
[lambda]=3.125, 3-[lambda]=2

We carry out calculation of a contact zone on an
angle of a natural slope.
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We offer one more mathematical model for the
description of configurations’ change of loading volume in
mill cameras with an inclined interchamber partition. If in
the previous model it is supposed that influence of a
partition on loading extends at all length of the camera, at
the heart of the second model there is the assumption of
limitation of influence zone of a partition on loading.

Within the second model the coordinate Z, of the highest
and coordinate Z; of the lowest points of the partition
contact with the loading, thus it is shown, that Za and

Z; are two various roots of one equation:

3 3
3 1= varcsinz+ 2l =)+ (1-22) -— 9B 1_x2)7 |20,
2 2 tgf —-tge (32)

where [epsilon] - a corner of a natural slope of loading,
[chi] - is defined by the equation:

arcsin X + Xv1-X* = 7[(% —);

(33)
and roots of the equation z,,z; are in intervals:
-X<z,<1
—-1<z, <-X;
(34)

Considering that extreme provisions are reached
at [xi] =0 and [xi] = © when between z and n the ratio is
carried out:

1= |2|/sin 5

(35)

The smallest value of length ri of a piece OK
will be reached at [alpha] =0 and it is equal:

[ =[e.|fsin p:

(36)

and the greatest, ra - at [alpha] = & and is respectively

equal:
r, :‘Zi‘/sin,b’;

Believing further that with change of [alpha]

(37

from 0 to = the length r of a piece OK changes from f

to I3 in proportion size of the angle [alpha] dependence r
on [alpha] will be expressed as follows:

o
r= r| +_(ra _r|)9
4 (38)

So coordinates [eta] i, [Xi] of a contour points of
a contact zone within the model about limitation of an
influence zone of an inclined partition will be defined by
formulas:

n,="rsn «a;
¢, =-—-rcos «a;
(39)
In Figure-6 results of some numerical

calculations of a contour of a contact zone on an angle of a
natural slope are presented. When performing calculations
it is accepted that lengths of cameras exceed radiuses of
zones of influence of an inclined partition therefore length
of cameras isn't the parameter influencing size and form of
a contact zone.
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Figure-6. Contours of a contact zone of a partition (calculation for an angle of a
a)- [beta]=50°, [xi]=10°; 1-[phi]=0.25, 2-[phi]=0.20, 3-[phi]=0.15
b)-[phi]=0.20, [xi]=10°; 1-[beta]=60°, 2-[beta]=50°, 3-[beta]=40°

¢)-[phi]=0.20, [beta]=50°; 1-[xi]=5°, 2-[xi]=10°, 3-[xi]=15°

In Figure-6 there are results of some numerical
calculations of a contour of a contact zone on a corner of a
natural slope. When performing calculations it is accepted
that lengths of cameras exceed radiuses of zones of
influence of an inclined partition therefore length of
cameras isn't the parameter influencing size and form of a
contact zone.

Without giving the detailed analysis of the
received dependences, we will note here the only
following: the size of a contact zone, calculated within the
second model is, less, than calculated on the first; change
of input parameters at a size of a contact zone affects more
strongly within the second model.

It is impossible to give preference to any of the
considered models on the basis of the executed
calculations because at the heart of each of them there are
assumptions simplifying the real process the loading
movement.

Laboratory researches were carried out on model
of a pipe mill of 0.2x0.9 m. Graphite was added into the
spherical loading, there is a sheet of paper on an inclined
partition. During the mill work the zone of contact was
painted in black color. In Figure-7 there is a photo of the
received contact zone in one of the executed experiments.

The accurate contour of a contact zone isn't
presented, however zones of active and weak contact are
clear enough.

As in both considered models rotation frequency
as an input parameter wasn't considered, corresponding
pilot studies were executed. So the received contact zones
are given in Figure-9 for various values of rotation
frequency at constant values of other parameters [phi]
=415, [beta]=45 °, [lambda] = 2. On the basis of the
presented data and a number of other data there may be the

conclusion that at little changes of rotation frequency
(frequency [psi]=0.76 rather widely used in the industry)
the sizes of a contact zone change poorly. So, for example,
see Figures 2.15, at [psi] = 0.7; 0.75; 0.8, the contour of a
contact zone crosses an axis [zeta] respectively, in points
[zeta] = 6.6; 7.0; 7.2.

Figure-7. Contact zone
[phi]=0.15, [beta]=45°, [psi]=0.70, [lambda]=2
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In Figure-8 the continuous black line shows a
contour of a contact zone, determined by loading level,
and the dotted white line is a contour of a contact zone on
an angle of a natural slope. From the presented above it is
obvious that:

1) in the top part of the partition plane ([eta]=0)
there is the best compliance with the experimental data at
a method of calculation for a angle of a natural slope; in a
vicinity of values [zeta] = 0 (the right part), the best
coincidence gives a method of calculation for loading
level; in the lower part of the partition plane both
calculation procedures give values of a curve of the
contour, considerably differing from received in the
experimental studies.

Figure-8. (1) Contact zone
[phi]=0.15, [beta]=45°, [psi]=0.70, [lambda]=2

Figure-8. (2) Contact zone
[phi]=0.15, [beta]=45°, [psi]=0.75, [lambda]=2

Figure-8. (3) Contact zone
[phi]=0.15, [beta]=45°, [psi]=0.80, [lambda]=2
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On the basis of the comparative analysis of experimental
and theoretical data, we have developed a combined
method of calculation of a contour of a zone of grinding
loading influence and a zone of grinding loading contact
with an inclined partition. Its essence consists in the

following. Let rn (a) - be the contour of loading

calculated within model on the loading level, I} (05) -
within model on an angle of a natural slope. We will
accept that the angle [alpha] iscountedfromanaxis [eta]

counterclockwise.
Then

r(@)=r,(@)+ 22 [r (@) - (@}

(40)
Thus0 < ¢ < Zand
2
n=r(a)cosa;
¢ =r(a)sing; 1)

and the line of a contour which is lower than an axis [eta]
turns out a mirror display.

In Figures 9, 10 experimental data and calculated
values of a loading contour for all three techniques are
presented.

Figure-9. Contact zone
[phi]=0.25, [beta]=45°, [psi]=0.80, [lambda]=2

Figure-10. Contact zone
[phi]=0.25, [beta]=60°, [psi]=0.75, [lambda]=2

CONCLUSIONS

In mill with inclined interchamber partition, the
settlement of zones on to the partition is different and
contact in the first and the second chambers is carried in
periods of time.

Nature of interaction of a mill loading with an
inclined partition allows regulating the speed of passing of
a material through the mill, the size of the return stream,
classification of the crushed material in a mill and the
aspiration mode by the corresponding choice of a form,
the sizes and the orientation of cracks in the partition
plane.

Contour of a contact zone by the combined
method gives a good coincidence to experimental data for
all values of input parameters dismisses.
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