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WEAR OF THE CYLINDER LININGS OF DRUM SAG MILL
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ABSTRACT. A basic technical parameter of drum mills is the volume of the drum. This parameter changes during operation due to the intensive wear of the mil
linings. On the one hand, with the increase of the volume, the productivity of the machine increases too, but on the other this also leads to a change in the speed
regime, which affects the grinding quality. The semi-autogenous mills mostly use a cascade and a mixed speed mode motions which depend mainly on the diameter
of the drum and the height of the lifters of the cylinder lining. In the present paper an attempt has been made to determine the wear of the lifters of a semi-autogenous
mill grinding gold-copper ores with high abrasion and solidity. For this purpose the wear of the mill was periodically measured for several years with a laser scanner,
the wear of several cylinder linings of the mill drum was also monitored, while recording the quantity of processed ore and the time of new linings mounting to reach
this wear. The necessary number of statistic data has been collected and processed, which, after using the respective computer programmes, presents the quantity of
the outworn material from the linings as a function of the grinding time and the quantity of processed ore. For this purpose adequate mathematical models have been
obtained, describing the relation between the worn-out steel quantity of the mill linings and the amount of processed ore and the time to achieve to this wear. The
results are presented in a graphic manner and the relevant conclusions are made.
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W3HOCBAHE HA OBJIMLIOBKUTE HA ULMNWHABPA HA MONYABTOIEHHA BAPABAHHA MEJTHULIA
Uean MuHuH, CumeoH Casos
Murto-eeonoxku yHusepcumem “Cg. MeaH Puncku”, 1700 Cocpusi

PE3IOME. OcHoBeH TexHuU4eckv nokasaTen Ha 6apabaHHuTe MenHuum e obembT Ha GapabaHa. Toav napaMeTbp ce MPOMeHs Mo BpeMe Ha eKcnoaTauys nopaau
WHTEH3VBHOTO M3HOCBaHE Ha 0BMMLOBKMTE Ha MenHuuaTa. OT edHa CTpaHa npu yBenuyaBaHe Ha ofema Ce MoBWLIABa U NPOW3BOAMTENHOCTTA Ha MallMHaTa HO
TOBa BOAW U [0 MPOMSIHA Ha CKOPOCTHUSI PEXWUM KOWTO BIASiE Ha KA4ecTBOTO Ha CMUnaHe. MonyaBTOreHHUTE MEMHULM M3NON3BaT Hail YECTO KackaZieH U CMeceH
CKOPOCTEH PEXUM KOMTO 3aBUCAT OCHOBHO OT AMAaMeTbpbT Ha GapabaHa W OT BUCOUMHATa Ha NUATepuTe Ha OBNMLOBKAaTa Ha LUMMHABPA. B HacToswata
pa3spaboTka e HanpaBeH onuT Aa Gbae onpefeneHo U3HOCBAHETO Ha NudTepuTe Ha GapaGaHHa NonyaBTOreHHa MEMHULA CMUNaLLa MeaHo 3MaTHU Pyau ¢ BUCOKa
abpaavBHOCT 1 3[paBuHa. 3a LenTa U3HOCBAHETO Ha OGNULOBKUTE Ha MEMHULATA Ca U3MepBaHW NepuoauyHO MOCPEACTBOM Na3epeH CKEHep B MPOABLIKEHUE Ha
HSIKOMKO FOfMHM, KaTo e MpOCrefisiBaHo U3HOCBAHETO Ha HSIKOMKO OBMULOBKA Ha LMNMHABLPa Ha 6apaGaHa Ha MenHULaTa W eHOBPEMEHHO C TOBA € 3an1cBaHo
Konu4ecTBoTO NpepaboTeHa pyaa, U BPEMETO Ha NMOCTaBsHe Ha HOBa OBMULOBKa 40 AOCTUraHe Ha ToBa W3HocBaHe. CbBpaHu ca 1 ca oBpaboTeHn Heobxoaumus
Opoil CTATUCTYECKN [aHHU, KOUTO CMef M3Non3BaHe Ha CbOTBETHUTE KOMMIOTbPHW MporpamMu AaBaT MpecTaBa 3a KONMYECTBOTO M3HOCEH OT 0GNMLOBKMTE
MaTepuan BbB (yHKLMS OT BpeMeTo 3a paboTa Ha MESHULA M KOMM4YecTBOTO npepaboTeHa pyaa. 3a LenTa ca MonyyeHn afiekBaTHi MaTemMaTuyecku Mopenu
OMMCBALLYM Bpb3KaTa MEXIY U3HOCEHOTO KONMYECTBO CTOMaHa oT 0BNMLIOBKUTE HA MeNHMLAaTa 1 KONMYecTBOTO npepaboTeHa pyaa v BpemeTo 3a AOCTUraHe Ha ToBa
W3HocBaHe. PeaynTatuTe ca nokasau v rpachuyHo U ca HanpaBeH! CbOTBETHUTE M3BOAM.

KntoyoBu gymu: menHuua, nonyasToreHHa, 06rmLoBKa, HaeXaHOCT, 0Tkas

Introduction product. Thus, it may be concluded that the impact of the

linings on the quantitative side of the crushing process
Causes and consequences from the wearing of the lining because of the friction of grinded mass is negligible. At the
lifters of a drum mill type SAG 8.5x5.3. same time, the friction significantly increases the wear of the

The sliding intensity of the crushing media onto the surface drum linings. As the productivity of the mill for a finished
of the drum linings depends mainly on the lining profile and the product is proportional to the used useful power, the friction
coefficient of friction between the crushing media and the reduction will increase proportionally the mill productivity and
linings. the specific energy consumption and lining will be decreased.

It has been proven that the wear of the drum mills linings is If the grinding mass moves without a friction and the speed
greater in mills with high sliding intensity and specific normal of the grinding particles, that move on a circle trajectory, is
contact pressures between the crushing mass and the lining of equal to RPMs of the drum (a, =w ) the power of the
the drum. It is known that the amount of the grinded by friction . m 6
product is proportional to the contact area of the friction drum shaft will be:
surfaces. The calculations show that the surface of friction with
the balls is only about 2% of the total surface of the balls P = Mg -op kW (1)
inside. This allows to claim that the amount of material erased here:
as a result of friction between the grinding bodies and the drum where.
lining is, for example, 2% of the total amount of the grinded Mg N 1m - torque of the drum.
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In the case of movement of the grinding bodies with
slippage in order to preserve the initial filling mode, it is
necessary to increase the rotation speed of the drum with a
value determined by the slippage.

The power of the drum shaft in this case will change and
will be defined as:

Ps = Mg 5 kW 2)

The power, that is lost at the slippage of the ball mass, is:
P, =P —P5 =M6.( o5 — @y, ) kW (3)

The power loss at a slippage could be given as:

P3:Pmp+Pu,kW (4)

where:
PT - power loss by the rupture of the lining by friction,
p
kW
P, - useful power used to crush material through

abrasion in the lining, kW .

The ratio of the values in the above given equation will vary
depending on the contact area of the grinding load with the
linings of the mill and the resulting pressures at the contact
points.

The investigated drum semi-autogenous mill grinds
material of high abrasion, hardness and solidity and operates
in a mixed speed mode characterised by high slippage
intensity of the material on the drum mill linings. Despite the
fact that the machine goes out of its operational capacity, with
the wear of the drum linings the technological parameters of
the machine are gradually changing (Parashkevova, D.,
Lyubenov, K., 2011). Some of them, such as productivity, are
improved due to the increase in drum volume while others, as
the yield of the estimated class, are worsened by the change in
speed mode and the reduced coefficient of balls fill and large
fractions of ore. In addition, the energy consumption and the
cost of the final product are increased (Hristova, T., 2018).

The main question that may be posed in this study is
whether it is possible to find a relation between the run off of
the drum mill linings and the wear rate of the lifters, when
measuring and monitoring the wearing of the drum mill linings
and using mathematical statistics methods.

This can be used for the proper control of the machine
technological parameters with the continuous increase of the
drum volume due to the continuous wear of the drum lifters.

Summary

The aim of the present research is to study the patterns of
changing the lifters volume of a semi-autogenous drum mill
and to obtain an adequate mathematical model, describing the
relation of their wear to the mileage of the lining, which can be
obtained by means of different programme packages such as
MatLab, MuPAD, MathCAD and others (lvanov. A. 2019).
These programmes will serve to create methods and means
for predicting the rate of wear under operational conditions.
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Investigation on the wear of SAG mill lifters

In order to carry out an investigation of the lifters wear in
the lining mileage, it is necessary to choose a method and
mode for its measurement.

Due to the complexity of the configuration of the mill linings
and the large diameter (Figure 1), it is estimated that the wear
of the linings will be monitored and measured using a laser
scanner of type “FARO Laser Scanner Focus3DX130” with the
following principle of operation and basic parameters:

1. The scanner uses a laser light that is reflected back in
the scanner by the object. The distance to 130 m is measured
with an accuracy of millimetres through the phase difference
between the transmitted and the received light.

2. Vertical scan angle. The mirror deflects the laser light in
a vertical direction toward the same object. The maximum
angle is up to 270" and relies directly to the distance
measurement.

3. Horizontal angle. The laser scanner rotates at 360°
horizontally. The horizontal angle is coded along with the
distance measurement.

4. The maximum error in the scanning at 130m is 5mm, as
it decreases proportionally for objects nearby.

5. Maximum scanning time for an object - up to 30 minutes.

The scanning takes place under very severe conditions -
high temperatures and humidity in the mill drum, because the
mill ceases its operation for a short period of time as this is not
sufficient for its cooling.

The laser scanner is placed inside the drum on a tripod
(Figure 2).

As a result of the scan a cloud of points is obtained (at
about 10,000,000 in number) with recorded coordinates, which
is a basis for creating a computer model (Figure 3), describing
the inside surface of the linings at the exact time of the
measurement.

Then, using the software of the scanner, a lining for which

the wear of the lifters to be monitored once or twice a month is
cropped out.
The results of each scan are overlaid on previous scans for
each lining. Finally, cuts in predetermined places are made, to
show the wear of the linings throughout their operational life
(Figure 4).

Fig. 1. A linings configuration in a drum SAG mill
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These areas are multiplied by the lining length of each one
of the lifters and thus the volume of the worn-out material from
the respective lining is obtained. However, in order to obtain
the exact volume of the worn material between two scans, it is
necessary to subtract the volume of the holes of the clinchers,
attaching the lining to the mill drum, from the resulting volume.

For the final calculation of the total volume of the worn out
material from the mill drum, the resulting values are multiplied
by the number of the lining rows. In order to obtain the quantity
of worn material from the mill linings in weight units, the
volume is multiplied by the density of the steel.

10
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All = 56866.4455 mm2,

Fig. 5. The linings wear in the middle part of the drum in the
period 31 of August, 2017 — 6t of Dec, 2017

The calculations are drafted by means of the following
formula;

M =[n(Avew — AL -V ].0.kg (5)

where: M kg is the calculated mass of the abraded material of
the lining due to the wear;

- N -the number of rows of drum linings;

- Ayew - the initial surface area of the section of the new

lining;
Fig. 3. A model of the scanned inner surface of the mill - A - the measured surface area of the section after the
processing of the scan results;
Results - L -the inner length of the mill drum;

- p -the density of the steel of the linings;

By means of the AutoCAD programme, the surface areas - V; - the volume of the holes of the clinchers, attaching

of each wear are calculated between two scans (Figure 5). The

graphical dependencies of Fig. 4 can also be automatically the lining to the mill drum. , ,

interpreted using MathCAD (Stoyanov, A., 2016). The obtained data, a result of the study, is presented in
03.08.2017 29.08.2017 21.09.2017 17.10.2017 Table 1 ' .

- 06122017 - Limit The last column shows the values of the quantity of the
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Fig. 4. The linings wear in the middle part of the drum in the
period 3rd of August, 2017 — 6t of Dec, 2017

27



Journal of Mining and Geological Sciences, Volume 62, Number 3, 2019

Table 1. Table 3

Anew — A Vv M Q Model P Significance R2 R(ad))
Ne 2 K Neo criterion of F % %

m m3 g t 1 <0.05 0 9028 | 89.7

1 0.0068 1.010 7928.11 335642 2 <0.05 0 96.5 96.5
2 0.0094 1.387 10893.56 465570 3 <0.05 0 93.1 92.8
3 0.0223 3.307 25960.72 586266 4 0 0 96.2 96.2
4 0.0268 3.982 31260.36 625224 5 >0.05 0 935 93.3
5 0.0364 5.404 42423.77 738401 6 0 0 98.1 98
6 0.0051 0.750 5892.27 105947
7 0.0089 1.324 10396.42 231538 Among all of the models obtained, the one with the best
8 0.0170 2.525 19822.78 396555 values of confidence probability is model 6. The multi-
9 0.0233 3.460 27162.88 572485 correlation coefficient and the corrected multi-correlation
10 0.0346 5129 40267.88 753279 coefficient is over 98%.
11 0.0425 6.300 49458.88 878000 The value of the confidence probability (P-Value) criterion
12 0.0075 1.108 8697.85 167361 for the model and the control parameters is below the critical
13 0.0146 2172 17056.56 305377 0.05, i.e., it can be assumed that the model is adequate with a
14 0.0197 2919 22018.92 428799 high confidence probability of over 98%.
15 0.0278 4122 32364.28 562412 The equation of the model without a constant in natural
16 | 00335 4968 | 3900544 | 705556 variables is:
17 0.0468 6.948 | 54542.27 903122 8.
18 0.0046 0.6796 | 5335.21 212577 M =0,027Q+3,61.10 "Q“, kg (6)
19 0.0103 1.5319 | 12025.26 381737
20 0.0169 25088 | 19693.71 530653 The relation of the model to the experimental data is shown

The results of the experiment were statistically processed
using the STATGRAPHICS programme. The programme is
suitable for finding target functions to determine the influence
factors in stochastic systems. Such are the objects in the
mining industry as mills and crushers (Hristova T., 2018,
Nedyalkov P., 2010). The results of the statistical analysis of
the linings wear are shown in Table 2.

Table 2.
Parameters| Value Standard error P-.vallue
criterion
Q 0.0269311 0.00631809 0.000
Q2 3.6136E-9 9.11302E-9 0.000
Sum of | Degrees F. Significanc
-value
squares of of criterion eof F
the model | freedom
Model |1.56724E10 2 473,58 0.000
Residual | 2.97841E8 18
Total 1.310446 20
Multiple correlation coefficient 98.135 %
Adjusted coefﬂmept of multiple 98.0314 %
correlation
Standard error 4076.76
Average Absolute Error 3162.78
Statistics of Durbin - Watson 0.5439

Thus, 6 models have been obtained, the parameters of
which are given in Table 3.

However, it should be taken into consideration that a
minimum error is also obtained, caused by the error of the
scanner (up to 1 mm) and by the wet mill scanning error. In this
case, there is a thin layer of pulp on the linings.

Nevertheless, it can be assumed that the error is within the
tolerance limits and is less than 3%.

in Figure 6.
The model is shown in a graphic manner cx Figure 7.
Taking into account the equation of the model and solving
it in relevance to m at M = 1kg, it is obtained:

3,61.10°8Q% +0,027Q-1=0 7)

0,027 ++/0,0272 +4.3,61.10°8

Qg = =37,5t (8)
g 2.3,61.10°8
(X10000) Plot of M
6
5
2 o
] o =]
S 2 =] =]
1H a o a
0
0 1 2 4 5 6
pred?cted (X10000)

Fig. 6. A compliance of the model with the experimental data
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Fig. 7. A graph showing the wear of the linings as a function of
the processed ore
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Conclusion

As a conclusion, the following statements can be made:

1. There is a functional dependence between the wear of
the mill drum linings and the amount of ground ore.

2. The function is parabolic (Figure 3) and this is probably
due to the fact that with the wear of the lining lifters the slipping
area of the ore onto the inner surface of the mill cylinder
increases on the one hand, and on the other, the volume of the
mill and the amount of ore in the drum increases, which also
leads to an increased wear.

3. The results of the study can be used in the planning of
the supply of spare linings of semi-autogenous mills.
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