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ABSTRACT. The distribution of failures of an element or machine from a specific technological line is an attempt to describe mathematically their life expectancy. The
distribution mode affects the analytical appearance of this distribution. The present paper tries to determine the distribution of failures of the basic elements of a drum
semi-autogenous mill used to grind copper and gold ores and to determine the probability of fail-safe operation of this machine. In the present case, the chosen mill
has three basic elements, and in case of damage of each one of them it stops working and has to start repair activities for its replacement. That is why, the mill is
seen as a system of three elements that are consequently connected. This means that if any one of its components is damaged, there is a failure. The required
number of statistics have been gathered and processed, which, after using some elements of the reliability theory, describe the performance regarding the reliability of
its separate elements and the mill as a whole. The probability of faultless operation of the whole mill for a given quantity of processed ore is determined by the
probability multiplication theorem, thus predicting machine failures and the amount of replacement lining plates necessary for one year ahead. The results obtained
after processing the statistics unambiguously prove the right choice of this machine for the exploitation conditions.
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HALOEXOHOCT W BEPOATHOCT 3A BE3OTKA3HA PABOTA HA BAPABAHHA MEJTHULIA TUMN SAG 8,5x5,3
Uean MuHuH, lMemko Hedsinkoe
MurHo-2eonoxku yHusepcumem “Cs. UeaH Puncku”, 1700 Cogpusi

PE3IOME. PasnpeneneHueTo Ha OTKA3uTe Ha €OWH €NeMEHT WM edHa MalWHa OT [ajeHa TEXHOMOTMYHA NMHWS € ONMT Aa Ce OMWLle MaTemMaTUYecku
NPOLBITKUTENHOCTTA UM Ha XMBOT. HauMHbLT Ha pa3snpefeneHneTo ce OTpassiBa Ha aHanWTUYHWSA BMA Ha TOBa pasnpegeneHue. B HacTosiwata paspaboTka e
HanpaseH onuT aa Gb/e onpeaeneHo pasnpeseneHNeTo Ha 0TKasUTe Ha OCHOBHUTE eneMeHTH Ha GapabaHHa nonyaBToreHHa MemnHULA U3nomnaeaHa 3a CMUNaHe Ha
MeAHM 1 3naTHu pyav 1 aa 6bae onpefeneHa BeposiTHOCTTa 3a 6e3oTkasHa paboTa Ha Tasn MawwnHa. B HacToswms cnyyai n3bpaHaTa MenHuLa uma Tpu OCHOBHU
€reMeHTa, KaTo Npy NoBpeJa Ha BCEKM efnH OT TsX - Cvpa Aa paboTh 1 3anoyBaT PEMOHTHM JEMHOCTM Mo nogMsaHaTa My. ETo 3awo mennuuata ce pasrnexaa
KaTo cuCTeMa OT TPpU eNnemMeHTa, KOUTO ca MOCrnefoBaTeENHO CBbp3aHW. ToBa O3Ha4yaBa, Ye KOWUTO W OT eNeMEeHTUTE M [a Ce MOBPeau, UMa Hanuume Ha OTkas.
CbbpaHu ca u ca 06paboTeHn Heobxoaumust Bpoil CTAaTUCTMYECKW AaHHW, KOUTO Cried U3MOMn3BaHe Ha HKOM ENeMEHTW OT TEeopusTa Ha HafeXaHOCTTa, onucBaT
NOBELEHNETO MO OTHOLUEHME HA HAEXOHOCTTA Ha OTAENHWUTE i eNeMEHTM W Ha MenHULaTa B CbBKyMHOCT. BeposiTHocTTa 3a 6e3oTkasHa paboTa Ha usnata
MenHuua 3a JafeHo KomnuecTBo mpepaboTeHa pyda € onpefeneHa OT TeopemaTta 3a YMHOXEHWe Ha BepOsITHOCTUTE, KaTo Mo TO3M HaunH MoraT ga Obaat
NMPOTHO3MPaHN OTKa3WTe Ha MallMHaTa M KOMMYECTBOTO Ha PEe3epBHUTE OBMMLOBBYHM NAOYM Heobxoaumu 3a roguHa Hampep. [lomyyennte pesyntatv cneg
obpaboTkaTa Ha CTaTUCTMYECKUTE JaHHU HEJBYCMUCTIEHO AOKA3BAT NPaBUIHUAT M36OP Ha Ta3u MalLKHa 3a YCMOBMSITA W HA eKcnnoaTauus.

Kniouosu AYyMU: MenHuua, nonyaBTOreHHa, 061'IMLI|OBKa, HadexXaHoCT, 0TKa3

Introduction lifters of the cylinder linings, and 3 - the lifters of the discharge
cover of the mill. Figure 2 is a cross-sectional view of a 3D
The investigated semi-autogenous tumbling mill type SAG computer model of the overall linings of the mill drum.
8.5x5.3 grinds material with high abrasion, hardness and The main question that may be set in the present study is
strength. The period of gathering the statistical data was 5 how the performance of a machine for the deriving of mineral
years and shows that the machine went out of service mainly grains (semi-autogenous drum mill) can be described using the
due to wear on the drum linings. They cannot be recovered, probability and reliability theory and how the failures can be
but have to be replaced. The drum linings have different predicted in order to plan the necessary spare parts and
wearing in different areas, which depend mostly on the size of upcoming repairs.
the ore fractions in the respective area. The drum of the mill is The plants in which such machines are in exploitation often
essentially divided into three elements on which linings are are overloaded with spare parts due to the fact that these
mounted - a feed cover, a Cy”nder and a discharge cover, as machines are Single and they determine the prOdUCtiVity of the
the ore is largest in size in the area of the feed cover and whole company in order to reduce the layovers during the
decreases towards the cylinder and the discharge cover of the repairs.
mill. This also results in quicker wear of the linings of the feed The mode of forecasting is reduced to the arithmetic
cover than in the other two zones. Figure 1 gives the average determination of the required number of nods and
configuration of the drum linings of a semi-autogenous mill, elements on the basis of a previous year.

where 1 shows the lifters of the feed cover linings, 2 - the
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Fig. 1. Configuration of the linings of a mill type SAG

The best solution in this case is to determine the
parameters of the machine operational safety based on the
reliability theory. A major problem for such a study would
appear during the gathering of the statistics when spare parts
and nods from different manufacturers and of different quality
are delivered for the machine. In the present study this
problem is avoided.

Fig. 2. A cross-section of a 3D computer model of the overall
linings of a drum mill type SAG

The present study it is expected to prove the fact that the
reliability theory can also be used to solve similar engineering
tasks in the mining industry.

The aim of the present study is to investigate the
regularities of the alteration of the quality indicators in time by
examining the influence of external and internal impacts on the
operation of a machine for the deriving of mineral grains - a
drum semi-autogenous mill, to create methods and means for
prediction of technical conditions and to increase the reliability
of such machines under operational conditions.

Theory

The reliability theory widely uses the statistical Weibull
distribution function (Waloddi Weibull, 1887 - 1979, KTH Royal
Institute of Technology, Stockholm, Sweden) despite the fact
that it is based on and uses heavy mathematical and software
appliance.

The Weibull probability distribution (density) function /pdf/
is defined as a three parameter function:
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, Where:
- >0 - shape (slope) parameter;
- 11 >0 - scale parameter;
- y €(—o0,0) - location parameter, often y =0
, and integral (cumulative/CDF/) distribution function is:

F(t)= j f(r)drzl—exp{—(%f],

The two parameter Weibull function is derived at zeroing
location parameter » =0 , so the function looks like:

o4

f(z)dr :1—exp{—(l

(2)

n

=
I

Survival function S(t) or reliability function is defined as
admission life period to exceed some time interval P(T>t) , so
the function is:

S(t)=1-P(T sr):l_p(t):exp[_[lﬂ (5)

n

, and the hazard function is defined by:

(6)

_ P 5
h(t)=-"5-1 (7
n
So the reliability functions are defined, but the

computational problems appear at the parameter estimation
method about Weibull statistics (Weibull 1951, Murthy 2004).
One of the easiest method is achieved in median rank
regression estimator /MRE/ using the equation:

i(':]-zi" (1-z,)MY ®)

k=i
, approximated with Bernard algorithm to:

i—0.3175
Frt)=2= N +0.365

, Where:
N, number - total number of data;
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i - data point ascending rank;
After some transformations shown below:

o]

|n{|nLTL(t)}}=ﬁ-|n Gj —p[n(t)-(n)] (11

, one can achieve:

(10)

y=pB-x=p-In(n)=A -x+A (12)
or.
B=A
B=A
Bn(n)=—A n:exp(_%J (13)

According to these formulas one can easily create non-
iterative algorithm in Excel as it is shown in the next section.
Usually, the MRE algorithm is represented as a graph of the
type on Fig. 3 - 5. The advantage of this method is the ability to
work with small amount of data, it is fast and has a simple non-
iterative algorithm.

- the mean time to failure /MTTF/ or the expected time to
failure as an mathematical expectation:

MTTF:E:n-F(%+1] (14)

, Where T is Gamma function.
Data and results

The particular estimation about parameters of failure data
for SAG mill lining plates is described. The data is represented
as the point at lining plate changing according cumulative
productivity Q;,,, which is easy to recalculate in relative

productivity:

Qi =Qci Qi t (15)
, respectfully in average hour productivity Q,,,t/h the working
hours are:

t ,
Qn

(16)

The median rank is calculated by equation (9), and the
parameters regression according equation (13) is shown on
Fig.3 - 5 which represent regression:
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The survival function S(t) and the hazard function h(t)
shown on Fig. 6 and 7, are calculated in equidistant points in
the observed interval, respectively.
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Conclusions

So far many researchers (Murthy 2004) found that these
dependences follow Weibull models. In comparison with the
exponential model (Minin 2017) Weibull fit uses some
advantages focused on the reliability over the life cycle of a
product. In case of hazard thinking the formula describing
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hazard function about the maintenance cycle follows formula
(6) and it is time dependent in comparison to the time
independent hazard function derived from the exponential
(Minin 2017) distribution. The derived survival function S(t) is
shown on Fig 6, it is clearly seen that probability of survival for
all parts of mill liners is dramatically decreasing between 1800
and 4200 working hours. The derived hazard function h(t) from
data is shown on Fig. 7.

Table 1. Parameters results

Feed side | Cylinder | Output side
B 3.3872 2.019 3.3606
n 2476.8 2102.4 4654.2
MTTF 2224.66| 1862.87 4178.70
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Fig. 6. Survival functions based on fitted Weibull models
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Fig. 7. Hazard functions based on fitted Weibull models

Particular data from SAG maintenance cycles are
processed and from them the parameters of Weibull reliability
function are estimated. The median regression estimation
method with good regression significance is used. The
resulting parameters of fitted Weibull function are shown in
Table 1.
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