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Abstract: The study describes the study of the effect of liners height and step in ball mills which has been
conducted using EDEM Software by DEM Solutions. Digital models of ball mill liners with various profiles
using the NX CAD Software by Siemens PLM Software have been built. EDEM Software has been used to
calculate kinematic and energetic parameters of a grinding media. The graphic and digital models of grinding
media motion have been prepared their comparative analysis has been conducted; the rational operation mode

of the mill has been showed. The properties of materials that a lining and grinding media are made have been

considered when calculating the motion of grinding media. The interaction between grinding media and the
lining has been characterized by coefficients of restitution, static and rolling friction and by variable height of
the lifters, step of the lifters and rotation frequency of the mill drum.
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INTRODUCTION

While desigmng ball mills as well as during their
lifetime companies strive to achieve the highest
performance of theirs operation. Any design is
mextricably linked with calculations, experiments, rational
selection of parameters and modes of grinding process
(Kiyukov, 1965). Today, we cannot speak about a design
of modemn equipment without a huge computing
capabilities of computer technology (Bogdanov et al.,
2012).

It is well known fact that there are many software
products that help an engineer to realize ideas and to
release a finished product to the market as soon as
possible. In this study, EDEM Software has been used
representing a multi-purpose discrete element modeling
tool designed for the simulation and analysis of industrial
particle handling and manufacturing operations. It utilizes
the simplified theories of Hertz and Mindlin which help
approximate the contact interaction between particles
when calculating simulations (Austin and Bagga, 1981,
Bogdanov and Khakhalev, 2014; King, 2001; Kalala et af.,
2005; Mindlin, 1949; Mishra and Rajamarm, 1992).

The purpose of the study is a determination of
rational design parameters of the ball mill and achievement
the maximum efficiency of grinding media movement when
operating.

METHODS

The milling chamber with lifter liners represent a
complex geometry. To build a Digital Model of a mill
chamber for a subsequent calculation we used the NX
CAD by Siemens PLM Software. Totally, nine models
were created using various steps p of lifter lining and
height h). The scheme of the mill section is shown
on Fig. 1.

The digital model of a mill was imported to EDEM
Software using a universal Parasolid format. The virtual
simulation was created with original data, presented in
Table 1.
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Fig. 1. Section of the mill used in the digital model
(D: mill diameter, h: height of the Lifter, p: step of
the lifter)
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The material properties of the balls and the lining
were considered as well (Table 2). Interaction of grinding
media was characterized by the following parameters
coefficients of restitution, static friction and rolling
friction (Table 3).

Totally, there were twenty-seven computational
experiments. Variable parameters were: height of the lifters
lining (h = 40 mm, 80 mm and 96 mm) step of the lifters
lining (p = 3.d,, 6.d, and 9.d,) and rotation frequency
(n = 07n,, 076n,, 08n,. According to the
pre-calculations the critical speed was n,,, = 26.97 rpm
(Bogdanov et al., 2012). EDEM Software was able to

Table 1: Conditions used in the simulation

Variables Values
Mill diameter (D, m) 2.6
Rall diameter (d,, mim) 80.0
Weight of grinding media (m, kg) 6264.0
Mill filling (%0) 30.0
Table 2: Characteristics of the materials

Material of grinding Material of lining
Variables media (Steel (ShH-150  (Steel (G13H2L))
Poissons ratio 0.25 0.25
Density (kg/m®) 7800 7800
Shear modulus (MPa) 200000 200000

obtain results in different ways: graphs and histograms,
visual assessment of particles motion to export data to a
spreadsheet. The package has a separate module for
post-processing of data-EDEM  Analyst
(Elcov et al., 2011).

Values of kinetic energy of the grinding media with
variable height of lifters lining at different rotation
frequency were considered m simulations (Table 4). Step
of the lifters is constant, p = 3.d,.

With increasing rotation frequency from 0.7.n_,, to
0.8.n,,, kinetic energy E; of the grinding media for any
value of the lifters height increases. However, at the
height of the lifters lining h = 80 mm there is a declination
of kinetic energy comparative to h = 40 mm or with
h = 96 mm at any frequencies. Thus, when rotational
speed of the drum near 0.7.n,,,, kinetic energy 1s reduced
about 21-22% when it goes to 0.8.n,,, the energy drops on
32% comparative toh = 40 mm.

The grinding media operation mode depending on the
rotation frequency and the height of the liners was
analyzed visually (Fig. 2-4). The color of the grinding

module

Table 4: The total value of kinetic energy of balls in the mill at different
rotation frequency and height of the lifters
Height of the lifters h (rmm)

Table 3: Parameters of grinding media interaction lining Rotation frequency,

Variables Steel (G13H2L) to (ShH-15) n (fraction of critical speed) 40 80 96
Coefficient of restitution 0.555 0.7 My 13360 10360 13280
Coefficient of static fiiction 0.500 0.76.1,,,, 15910 11900 15100
Coefficient of rolling friction 0.020 0.8.n,,, 18100 12250 16200

Fig. 3: Grinding media profile motion with the height of the lifters h = 80 mm; a) 0.7.n,,,; b) 0.76.n,,, and ¢) 0.8.n,,.,
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Fig. 4: Grinding media profile motion with the height of the lifters h = 96 mm; a) 0.7.1,,; b) 0.76.n, ., and ¢) 0.8 n__,

media is different according to kinetic energy possessed
by each ball designated in: red maximum kinetic energy,
blue the mimmum.

For the mill with height of the lifters h = 40 mm, it is
advisable to select the rotation frequency equal to 0.7.n,,,.
A large number of balls with maximum kinetic energy is
observed at 0.8, .. but at such frequencies the grinding
media fall on the lining and it begins wear quickly which
is not desirable (Fig. 2).

By increasing the height of the Lfters (Fig. 3-4) a
throwing more grinding media to the limng m the mill at
any frequencies is observed which directly leads to a
reduction of its operational period. This mode of grinding
media motion is not recommended, therefore, lifters height
does not provide a required efficiency of a grinding
process.

The visual analysis of the grinding media motion
(Fig. 2-4) shows that the highest efficiency of the grinding
process 1s provided by the height of the lifters equals to
0.5.d, (40 mm) the step of the lifters equals to 3.d, and the
rotation frequency equals to 0.76.n,,. The comparative
visual analysis of the grinding media motion (Fig. 2-4)
shows that the highest efficiency of the grinding process
is provided by the height lifters equal to 0.5.d, (40 mm)
lifters step equals to 3.d, and rotation frequency equals to
0.76.1,,..

Further, the alteration of kinetic energy of the
grinding media affecting the step of the lifters lining and
rotation frequency was considered (Table 5). The height
of the lifter 1s constant, h = 40 mim.

The kinetic energy of grinding media reduces when
increasing of the step of the lifters at any rotation
frequency (Table 5). Thus, kinetic energy of the falling
balls in step lifters liming p = 6.d, 18 9-11% and for p = 9.d,
15 11-13% compared to p = 3.d,.

Tt can be concluded that kinetic energy of the
grinding media E; decreasing at any rotation frequency of
a mill chamber when increasing the Lfters step during the
data analysis.
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Table 5: The total value of the kinetic energy at different rotation frequency
and step of the lifters
Step of the lifters (p)

Rotation frequency (n)

(fraction of critical speed)  3.d, 6.d, 9.d,

0.7 Ny 13360 12105 11900
0.76. M 15910 14150 13930
0.8 18100 16200 15900

The visual analysis of the grinding media motion
(Fig. 2-4) shows that the highest efficiency of the grinding
process is provided by the height of the lifters ecuals to
0.5.d, (40 mm) the step of the lifters equals to 3.d, and the
rotation frequency equals to 0.76.n,,,,.

When increasing the mill rotation frequency at every
step between lifters kinetic energy of the balls increases.
This 15 obvious and confirms the adequacy of the
computational model. For example by mcreasing the
rotation frequency of the mill by 15%, the kinetic energy
of the balls increases by 36%.

The motion of the grinding media with the step of the
lifters p = 6.d, 1s shown at Fig. 5, suggests that the most
effective grinding media operation 1s observed at the
rotation frequency n = 0.76.n,,,,. When n = 0.76.n,,, the
grinding media begin to fall off the lining that significantly
reduces its operating characteristics and makes its use
impractical.

The grinding media motion in the mill chamber with
steps of the Lifters p = 9.d, and only at n = 0.76.n_,,
contributes to the rapid wear of the lining because up to
20% of the grinding media falling from a great height on
the flat lining (Fig. 6).

The distribution of the balls m the mill and kinetic
energy at height h = 40 mm and step of the lifters p = 3.d,
at different rotation frequencies were analyzed (Fig. 7).

The number of balls with kinetic energy E,<6 T 1s
bigger in the mill chamber when n = 0.7.n, ... The number
of balls with E, = 8-16 T observed at the rotation
n = 0.81n,,. Only 10% of the grinding media have a
maximum kinetic energy equals to 38 I.
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Fig. 6: Grinding media profile motion with step of the lifters p=9.d,; a) 0.7.n,.; b) 0.76.n,, . and ¢) 0.8.n,,,,
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Figure 8 shows the graph of the values of the
tangential and normal component of the force of collision
of the ball at the point of incidence. Normal force of the
collision in a steady motion of the grinding media is on
average about 480 H and tangential 1s 80 N that 1s 6 tumes
less. This shows the prevalence of an mmpact grinding
mode and confirmed by a character of grinding media
motion represented in Fig. 2 which proves the adequacy
of the computational model. It can be stated that a

872

-+~ Normal force

600 -® Tangencial force

0 T T T T T T T T T T T T T T

DD HRAOERN HPLOED HL R
LE PO PSS o (P

Time (sec)

Fig. 8 Normal and tangential components of the force of
collision of the ball

grinding took place because of the impact forces (Fig. 2)
and it proves a high level of the simulation model
adequacy.

Kinetic energy of the grinding media in the mill
chamber with rotation frequency equals 0.76.n,,,, 15 13 kJ
and the potential 1s 23 kI that 13 35% less (Fig. 9). The
velocity of balls movement in this mode with rotation
frequency (n = 0.761,,) is 2 m sec’ and angular is
1.75 rad sec™ (Fig. 10).



Res. J. Applied Sci., 9 (11): 869-873, 2014

-+-Kinetic energy
50000 "= Potential energy

E ()
[So)
W
[=3
(=3
(=]

1

E SN AN AN AN N
PP DS PN PS03

<
% |

Time (sec)

Fig. 9: Kinetic and potential energy of the ball
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Fig. 10: Linear and angular velocity of the ball
CONCLUSION

The calculations has allowed to study the kinetic
energy depending on the height and step of the lifters
lining at different rotation frequency n the mill chamber
(Makokha and Moys, 2006; Tavares and de Carvalho,
2009). Visual evaluation of grinding media movement
finally allowed to make the conclusions about the
movement of balls in the mill chamber.

The results fully meet the previously obtamned by
D K. Kryukov, V.A. Olevski and others (Kryukov, 1965;
Olevskiy, 1963). Presented methodology here n the article
for calculating parameters of the lining the height and step
of the lifters at each section of the mill chamber. Modeling
software utilizing discrete element analysis enables fully
explore the nature of the motion of particles in the mill and
the resulting data can be used to make a decision on
changing the geometric parameters of the linings.

Finally, when designing the profile of the lining and
predicting of a mode of motion of grinding media it will be
advisable to consider the size, physical and mechanical
properties of the crushed material and the kinetics of the
milling process.
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