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RELIABILITY FUNCTION FIT REGARDING ONE JAW CRUSHER LINERS
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ABSTRACT: The paper deals with some formulations in resource assessment function for lining parts in one jaw crusher operating in a Bulgarian gold ore mine. This
crusher is operating as a sizing crusher for full ore productivity flow in preventing oversize material fragments to fall on the belt conveyor. In critical view the reliability
of that particular crusher influences on the overall mine productivity. Reliability calculations of that machine are based on mathematical assumptions and
interpolations using Weibull models. The presented case reviews the modelling with two major interpolation techniques and compares them with estimated data from
on-site exploitation. Fitting of the resource function is used in calculation of the reliability, survival and hazard functions for two main lining plates — the lining plate of a
moving jaw and the lining plate of a stationary jaw. The research envelopment is the median regression estimation (MRE) method and the maximum likelihood
estimation (MLE) method used for density function fitting procedures. The compared fitting procedures are implemented in OpenOffice Calc spreadsheet for MRE and
R Studio for MLE algorithm. The fitted functions are compared in a graphical way, and there are some tables presenting the calculated parameter values. Weibull
model functions are used to present some diagrams in which it is easy to investigate valuable survival and hazard over time.
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M3BEXOAHE HA ®YHKLUWA HA HAOEXOHOCTTA 3A OBJIMLIOBKUTE HA YENKOCTHA TPOLLAYKA
Memko Hedsinkos
MurHo-eeonoxku yHusepcumem "Cs. Mear Puncku”, 1700 Coghust

PE3IOME: B pabotarta ce pasrnexpaT MOCTAHOBKM MpW OMpedensiHe pecypca M HagexpHoCTHaTa (PyHKUMS Ha OBMMLOBKMTE Ha YENoCTHa TpoLiayka npu
eKCrnoaTaLUMoHHN YCnoBMS Ha MWHA 3a A06WB Ha 3naTHa pyAa B bbarapus. PecypcHuTe w3uuMcrieHns 3acsrally HapexaHocTTa obudyaiitHo u3nonssat
maTemaTuyeckm [AOMycKaHWs OTHOCHO NpepnonaraeMuAT XapakTep Ha Matematudyeckata (yHKUMSITa Ha HafeXaHoCTTa, OT KOeTo ce onpedens W
WHTEPNOMNALMOHHUAT METOA 3a M3BMMYaHe Ha camata (yHkuus. B HacTosiwaTa paspaboTka ca w3non3saHu Ba MeTofa 3a MHTepronauus Ha (yHKUuMTe Ha
HafexXaHoCTTa ypes pasnpeaenenneTo Ha Beibyn. Monyyenu ca v ca u3cneaBanm ca (yHKUMMTE Ha OTKA3WTe, KyMynaTuBHaTa (yHKUMS HA OTKa3uTe, (yHKUMsATA
Ha HadexOHOCTTa 1 PyHKUMA Ha onacHocTTa. Ha 6asaTa Ha cbbpaHuTe JaHHN ca NPOBEAEHN HAKONKO MHTEPNOMaLMM CbrNacHo CTaTUCTUYECKOTO pasnpeaeneHine
Ha Beibyn. ManonasaHo e ABynapMeTpuyHO pasnpenenenne Ha Beibyn kaTo ca cpaBHEHM ABa MHTEPMONALMOHHM METOAA - C W3NON3BaHe Ha HeuTepaTuBHA
nHTepnonauus B OpenOffice Calc n utepatvsra nHTepnonauns B RStudio. MpepctaBenn ca pesynTath B rpadnyeH W dyHKLUMOHANEH BuL 3a (OPMEHUs u
MalabHus napameTbp Ha pasnpegeneHueTo Ha Beibyn. OueHkata Ha pasnpedeneHneTo e npoBefeHa B rpacuyeH BUA CMPSMO KyMynaTuBHUTE (YHKLMM Ha
pa3npefeneHneTo U NTbTHOCTTA Ha BEPOSTHOCTUTE Ha Pa3npefeneHmeTo.

KntoyoBu gymu: 06nmLoBBYHI N0YK, U3HOCBaHE, PECYpC, YenCTHa Tpoluayka, Beinbyn HagexaHocTHa hyHKUs, VHTepnionupaHe Ha dyHKumsTa Ha Benbyn

Introduction it has to be subjected to its (PLM) product lifecycle
management system and maintenance system.

Resource calculations, reliability models and their The reliability of the machine is based on some
calculations in complex mechanical ore processing machines mathematical idealisation and interpolations using some
are multifactor functions. The revealing of adequate exponential, Gaussian (normal), lognormal, Weibull models
mathematical models is a complex job which is usually done by and etc. Previous research (Minin, 2017) is focused on the
graphical representation. Current research deals with some exponential model with its own advantages and disadvantages,
formulations in resource assessment function for lining parts in and some other researchers (Savov, 2017; Murthy, 2004;
one jaw crusher operating in a Bulgarian gold ore mine. The Dimitrov, 1994) tend to be using an improved model containing
presented method uses mathematical interpolation procedures composite exponential function. Widely used are the Weibull
in comparison with graphical presentation in reveal process. models (Weibull 1951, Murthy 2004) in density function fitting,

The jaw crusher (Minin, 2017; Minin, 2012) is a basic so the presented paper is focused on their application with
machine in first stage ore and rock breakage placed in ore regard to the reliability of jaw crusher’s lining plates.
processing and construction material disintegration. That The presented particular case reviews the case with two
crusher is operating as a sizing crusher for full ore productivity major interpolation techniques (Delignette-Muller, 2014; Ricci,
flow in preventing oversize material fragments to fall on the belt 2005) and compares them in estimated data from on-site
conveyor. In critical view the reliability of that particular crusher exploitation. Fitting of the resource function is used in
is influenced by the full mine productivity flow. In case of calculation of the reliability, survival and hazard functions for
estimating the product performance regarding the jaw crusher, two main lining plates - the lining plate of a moving jaw and the
reliability and recourse calculations are part of its lifecycle and lining plate of a stationary jaw.
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THEORY

The reliability theory widely uses the statistical Weibull
distribution function (Weibull, 1951) despite the fact that it uses
heavy mathematical and software application.

The Weibull probability distribution (density) function /pdf/
is defined as a three parameter function:

o-b 5 ] o

, Where:
- B >0 -shape (slope) parameter;
- >0 -scale parameter;
- 7 €(—o0,00) - location parameter;
, and integral (cumulative/CDF/) distribution function is:

F(t)= j f(r)drzl—exp{—(%jﬂ}, o)

—o0

Often the two parameter Weibull function is derived from a
zeroing location parameter y = 0 so the function looks like:

IR

F(tly=0)= j f(r)drzl—eXp{—[ijﬁ], (4)

o n

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

S(t)=1-P(T <t)=1—F (t) =exp {—[t_—qﬁ} (5)

, and the hazard function is defined by:

- 0T

s(t) 1-F(t)’
h(t|7=0)=n%-t(ﬂ‘” (7
The cumulative hazard function is:
= fha- 2 (L]
H(t)=[h(t)dt=[L YD dt=|—| , 8)
£ ) lnﬁ Uj

or

H(t)=-In[S(t)]. 9)
The reliability functions are defined in upward way, but the
computational problems appear at the parameter estimation
method about the Weibull statistics (Delignette-Muller, 2014;
Ricci, 2005; Murphy, 2004).
One of the easiest method is achieved by median rank
regression estimator /MRE/ using the equation:

i(t‘j.zr (1-z,N ¥ ©)

k=i
, approximated with Bernard algorithm to:
i—-03

Frt)=z= N 104 (10)

, Where:

N, number - total number of data;

i - data point ascending rank;
After some transformations shown below:

1R (t):exp{—(%)ﬂ} (1)

] oo e

, the following equation can be obtained:
y=F-x=f-In(n)=A-x+ Ay
or:

B=A
ﬂ:
‘ AT A (13)
A= ool -2)

£-In (77)

According to these formulas a non-iterative algorithm in
spreadsheet can be easily created as shown in the next
section. Usually MRE algorithm is represented as values in
Table 1 and as a graphical representation of equation (16) in
Fig. 1. The advantage of that method is the ability of revealing
a small amount of data, despite the fact that it is fast and has a
simple algorithm.

Another algorithm is the maximum likelihood estimation
IMLE/ (Delignette-Muller, 2014) which uses a product of
iterative logarithmic and power functions for independent and
identical parametrical distributions fiid/ f(xi6), in which the
parameters 64, ..., 6; are extracted in function maximisation for:

L(9) =g f(%10) (14)

, Where:
0; - function parameters;

>

X; - value for variable X ;
n - total count of data x; and

f (xi |6’) - probability density function.

Parameter 6 j extraction uses:

max[L(&)]:dLTw):O (15)
max{ln[L(@)}}:Mzo (16)

, and about particular Weibull distribution:

(i) =TTt (s16n)=

n B
B Tres- b
(o) 1w {2 "

The upper function can be simplified by using a logarithm,
S0
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In{L(t|ﬂ,77)}:
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n n (1. B
=n-In(ﬁ)—n-In(nﬁ)+(ﬁ—1)~§ln(ti)—2(;') (18)

i=1

The theoretical way is given by those formulas (14 - 18)
and the computation way is quite complicated, with
implementation  of  computational iterative  algorithm
(Delignette-Muller, 2014).

Data and results

The particular estimation about parameters of failure data
for jaw crusher's lining plates is described. The data is
represented as the point on a lining plate changing according
to the cumulative productivity Qint, which is easy to recalculate
in relative productivity:

Qi =Qci — Qi (14)
, respectfully in average hour productivity Q,,t/h working
hours are:

t= & h (15)
Qp
The median rank is calculated by equation (12), and the
regression parameters according to equation (13); Fig.1 and 4
represent the regression:

In(t)

In<In (16)

1
S(t)

The survival function S(t) and the hazard function h(t) are
calculated in Table 1 at particular points.

Data extractions represent a real lining plate changing for
different plates (Minin, 2017), the first extract (D1) shown in
Table 1 is for the lining of a moving jaw, and the second extract
(D2) shown in Table 2 is for the lining of a stationary jaw in one
and same jaw crusher.

The calculations shown for D1 and D2 and conducted in
the same way with the upper formulations give different
statistical results. Clearly, the large data (Table 2) quotation
gave better MRE regression parameters shown on Fig.4 but
there are still issues about the distribution fit.

As shown on Fig. 3 and Fig. 6, the data histogram
compared to the fitted distribution shows a difference in the
peak height, however, some small shift differences can easily
be neglected.

Table 1. First data extract (D1) and MRE calculations

time R | time MR |1/(1-MR) [in(t) |In(In(1/S)) results
— —
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Fig. 1. MRE regression for the second data extract with linear
interpolation as shown on the diagram
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Fig. 6. MRE and MLE fit with histogram for D2
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The comparison between the empirical cumulative
distribution function /ECDF/ and the estimated cumulative
distribution function /CDF/ of fitted distributions is shown on
Fig. 2 and 5. The particular plots represented are with 95%
Kolmogorov - Smirnov (Ricci, 2005) distance placed in the plot.

Table 2. Second data extract (D2) and MRE calculations
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Conclusions

A product life cycle usually is described as "the time from
the initial concept of a product to its withdrawal from the
market". In the case of mechanical damage or wearing the
withdrawal point is subordinated to a particular law of
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quality/quantity decreasing. So far, many researchers (Murthy,
2004; Lazov, 2010) have found that these dependences follow
the Weibull models. In comparison with the exponential model
(Minin, 2017) the Weibull fit uses some advantages focused on
the reliability over the life cycle of a product. The formula
describing the hazard function follows the time dependent
formula (7) in distinction to the time independent exponential
hazard function (Minin, 2017).

Table 3. Parameters results

Datal Data 2
mle MRE mle MRE | unit
6 2.69695 | 2.9702 2.767 3.4108
n 684.571 | 683.92 | 301.169 | 300.93
7 0 0 0 0
t=7 685 684 301 301 h
F(t) 63.2 63.2 63.2 63.2 %
S(t) 36.8 36.8 36.8 36.8 %
h(t) 0.4 0.4 0.0 00 | %
t=27m 1369 1368 602 602 h
s(t) 0.2 0.0 0.1 00 | %
h(t) 13 17 31 60 | %

As a particular conclusion from the research the valuated
survival for the lining plates can be followed, as shown on Fig.
7. Hence, the repair period has to be multiple to that value. The
results in Table 3 give the comparison between the coefficients
achieved through the different fit technique and the different
data extracts.
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Fig. 7. Survival functions based on fitted Weibull models
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Fig. 8. Hazard functions based on fitted Weibull models

The fitting procedures and the software instruments about
distribution functions are in constant development. Many
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commercial software packages are widely used, and also,
many free or under CC and GNU license are applied by the
scientific research community. In this research, for the
programme calculation and the graph presenting plots the
iterative package for R Studio under GNU license is used in
comparison with non-iterative calculation made in spreadsheet
OpenOffice Calc.

The acceptance of these models is considerable with the
graphical instruments shown above. Further implementations
should be used with numerical goodness-of-fit test. In the
reliability research field the Kolmogorov-Smirnov test,
Anderson-Darling test and Chi squared test are preferred.

Some improvement in model fitting can be observed by
increasing the data sampling in Fig. 5 in comparison to Fig. 2.

Logically, these conclusions show that the presented
Weibull model fit gives an account of the wearing process of
jaw crusher's liners with shown values in parameters
interpolation. The results and methods should be placed in a
modern project design methodology (Lazov, 2010; 2015) with
periods’ account of the maintenance cycle. It is advisable to
expand the research in other interpolation procedures and with
different data sampling volume.
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