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ABSTRACT

This pger looks & an dtenative method that can be
used to sdve the replacement point dlemma The
author usesthe concept of Weibull distribution and the
reneva theory & an dternaive to practices of
averagng and ‘ qut fed’. To makethe study precticd,

the author has randomly chosen asubassembly of the
continuous miner used & Sasd Mining Ltd The

theareticad background has been covered slightly but
very comprehensively .

1. INTRODUCTION

Performing the predetermined mantenance accarding
to acost optimal schedule can imply large savings and
increesed competitiveness for many companies. In the
mining industry maintenance practices, and a Sasol
Miningin particular, many decisions such as replacing
expensive ubassenblies, involve the investment of
large sums of money. The cos and berefits acauing
from the investment will continue for a number of
years. Whenthe investment of money today influences
cash flows in the future and when evaluating the
dtemative investment opportunities, account ought to
be taken of the fact that today’s value of a certain
amount of money dependson whenthat anount is due.
Given the need to minimise running cog, the use of
qut fed to estimae repdr/replace points can have
negdiveimpacts onfuturecash flows. The pape to be
presented isto show how one can use a combination of
statigica methods and the concept of present vdue of
money (LCC) to determine the gotimum replacement
time

The primary purpose of this paer is to shae the
knowledge of renewable system with maintenance
praditioners in theminingindustry to ge rid of a gut
fed gpproach. To accomplish thisthe author examines
subassemblies data on a Sasol Mining Continuous
M iner withrandom lifetime.

Upon falure the maintenance team takes a
maintenance action, specifying the degree of repair.
Using the data captured in the SAP sysem and using
methods prescribed by Jardne(1992:31-91), it is
possible to detemine an age-dependent maintenance
strategy which minimises the totd expected
dscounted cog over an infinite planning horizon .
Using several properties of the optimal policy which
are derived in this paer, adyticd and numerica
methods for deermining the optima maintenance
strategy are proposed.

In orda to ddan a better insigt regading the
structure and neture of the optima policy and to
illustrate computational procedures a numerical
example is analysed usng red raw data from Sasol
Mining Equipment History. T he propcsed maintenance
model demonstrate powerful techniques and channds
in the area of reliability with intereting theoretica
issues and a wide range of patentiad applictions in
various aspect such as budgeting and life cycle cog
menagement.

11 OBJECTIVES
The primary objectives of this paper are as follows:

@ To cculae the optima lives of subassemblies
usingthe renewabletheory

@ To deaemine the Life Cyde Cog (LCO
implications for both the current paradigm and the
sciertific gpproach (Time Value of M oney)

@ To determire the falure and rdiahility profiles of
the various subassenblies

@ To determire the falure charaderistics of the
various subassemblies
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1.2 SCOPE

Thestudy inthis pgoer is based onthe equipment pool
of Sssol Mining Limited. Although the pool of
equipment a Sasd Mining Ltd. is vay large, the
current study focussed mainly on the sub-units used on
the, continuous mner (CM), one of Sssol Mining's

primary production equipment. In dl cases, the data
used is stored on the Sasd Mining's SAP informetion

management sysem unde Business Waehouse The
work in thisreport will cover the following:

@ Systemaic tabuation of raw data

@ Brief background of thetheory to be deployed

L ]

Dataprocessingusing actua rav data

Smmarised result

L o]

Net Present Vaue of the expeded savings
&hievade,

2. THEORET ICAL BACKGROUND
2.1 Weibull Rdiahility- Jardine(1992:16-21)
Thegenera Welbull distribution curveis
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whee R is theprobsbility of surviving through time t,
betais the shapefactor and etais the scaefactor.
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The vaue of beta determines the shagpe of the Welbull
cuve. For example, beta=1 coaresponds to aconstart
hazard rate or an exponentid distribution. Baa>1
means thet the hazard rate inaeases with increasing
age. Thisis summarisedin figure 2.1 below:

Hmzard Fote

Fgure 21: Effect of shape Weibull factor

22 THERENEWAL THEORY
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The time to fall for an item is variable and can be
represented by a probebility distribution,  f(x).
Refaring to Figure 2.2 , the cog of falures pe unit
time decresses as prevertive maintenance is done

moreoften, but thecost of preventive mantenance per
unit time increases  There exists a point whee the

totd cost of falures and preventive mantenance per
unit time is a a minimunt the optimum schedule for
preventive maintenance Brick et a ( 1995:55-60)

System CostPer Time

Preventive Maintenance

Failure

Time Between Preventive Maintenance Actions

Figure 2.2: Optimal cost of replacement

The optimum time betwesn mantenance actions is
found by mnimizing the tota cost per unit time,
Jardne(1973:90).

_C,R(t) +C,(1- R(1))
(t)RD)+ ) f (et

T

whee C is the cost of preventive maintenance C; is

the cost of a failure ad tp is the time beween
preventive maintenance actions.

Minimizing the equation &bove is tedious, and
numerica routines will be used with the following
assumptions

Thetimeto falurefollows aWebull dstribution.

Preventive maintenance is performed on anitem &
timeTp a acost of C,..

If theitem fails before time= Tp, a failure cost of
C, isincurred.

Each time preventive maintenance is peaformed,
the item is rdurned to itsinitid gae; thet is, the
itemis"as good as new."

Furthermore, R(t) is the rdiability function of the

componant, i.e. the probability that the component
survives the time interva [0, t] and that it is still

workingat timet.
3. PROPOSED STRATEGY

Data regrding the failure data of subassemblies was
abtained from the SAP Business Warehouse. Althouch
this data goes back a few years, the author only
uilised data from the previous cdendar year. As

mentioned earlier, cost data was hypathesised. The
rav datatogethe with thefictitious cost was processed

using discrete methods on Excel spreadshest. The
componeant that was andysed is one o the key motors
on the continuous mner system. The following

procedure was then followed. All figres gven in the
analysis were normdised for to afford the reader a

holistic picture.

@ Used Weibull Distribution to analyse equipment
falure chaacteristics, rdiability profiles ad
spreading out the cost on acontinuous digribution

@ Used Renewal theory of eectromechanica
subsygems to determine optima cost for aspecific

tonnage carried by each subassembly

@ Used Net Present Conaept to determine Life
Cycle Cost over aperiod of 12 cydes
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4. RAW DATA AND DATA PROCESSING

Table4.1 :Rankingof failure data— Tradtion motor

Life/annual production Ranking  Vledian Rankin¢ 7/(1-Mediad Rank) Ln(n(l/1-Med Rank) Ln(ife)

00318 1 00126 10128 43649 103147
0.0572 2 0.0307 10317 34684 10902
0.105 3 00487 10512 29%4 L4770
0183 2 0.0668 10716 26719 115416
01624 5 088 10®7 24230 119463 |
0.1872 6 0.1029 1.1147 2203 12 B8
0.1%4 7 020 11376 20287 12 36
02076 8 0130 11614 1895 121921
02484 9 0157 11863 17671 123716
02505 10 01751 12123 16478 12378
02790 11 0.1931 1204 1590 12878
0207 12 02112 12677 14387 125087
03439 13 020 12074 1356 12068
03446 14 QAT 13285 12535 12608
0.4042 15 02653 13612 11765 128685
04071 16 083 1.3%5 10%9 12.86%
04389 17 T 14315 10252 12,9407
04443 18 031% 14695 09547 12562
0.4456 19 0BB 155 08872 125659
04811 20 0.5% 15518 0823 13825
04850 21 037% 15%5 0.7596 130426
0538 22 0D 16439 0,690 13 420
0530 23 04097 16942 0.6402 13 U
at -
05613 24 0B 1.7476 05829 13 1867
0564 25 045 18046 05271 131906
06139 26 0463 1863 04725 13 2/63
06175 27 04819 1923 0.4190 132821
06633 28 0500 2.0000 0.3665 133537
06857 29 0 5181 2.0749 03148 T3 B
0.7144 30 05361 2156 02639 2B
07419 31 Q50 2249 02135 134657
0.7431 32 0572 23376 0.1636 134673
0.8072 33 050 24405 0.1140 13 5501
08112 34 0 0% 2550 00648 13 50
0.8349 35 0&64 26763 00157 1383
08373 36 064 28122 00334 135866
0.8405 37 0625 2.9626 0.0826 135004
0.9411 38 06806 31299 0.1319 1305
10600 39 L®® 33174 0.1816 TR®5

As dhown in the table above, raw data of a traction
motar, one of the mgor comporents of a CM, was
collected. Inthe take above, the datawasranked using
the method of median rankingin ascending order.

Themost important thingabout organising dataas in
the previous section is to cdculde the vaues of the
shapefactor, B, andthe chaacteridiclife,n. Theseare
cdculated using numerical methods and linear
regression.

LifeCharecteristics
2
*

1

0
z
Erl
% y=1.3268x- 18.107
=)
22
T
5

3

4

5

0 2 4 6 8 10 12 14 16
Ln(Achieved Life)

Fgure 4.1: Determination of the 3 and n.

4.1 PROCESSED DATA - RESULTS

After paforming alinear regression, the value of the
shepe factor worked out to be 1.3268 while the

characteristic life worked out to be 8% of the annud
production. These could aso beseen from thestraight-

line equaion onthe graph in figure 4.1 above.
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Using this informetion, a rdiability profile was
genagated usngtheWeibull reliability function:

{5

=g

w

The resulting reliability distribution function is as
shown in the figurebelow.
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Figure 4.2: The survival probability of a traction
motor .

Thevaued = 1.3268 implies thet failure occurs due
to faigue rdated problens, i.e. in the wear and tear
region of the Bathtub curve. The value of the
characteristic life, n = 89% of annua produdion. This
implies that 63.2% of the selected motors reach this
life. One can therefore conclude thet the MTTF of this
subassembly is 8%%6 of the annua production tons.
Thisis not however the optima cost poirt.

4.2 Optima Cost Point

Using the renewd theory equation and the numerical
methods, the figure 4.3 was obtained and it is in line

withthe hypotheses mentioned ealier.. At the optimal
point, the unit cog will be 503% of the tad

maintenancecost of the CM.

Nomalised Optmal cost curve
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Fgure 43: Normalised Optima Cos Curve

The graph aso shows the cost of not opedaing &
optima replacement life. Looking a the current
paradign, the maintenance cost on the mator is &
5.17% of the tatal maintenance. A simple condusion is
that the maintenance cost woud drop by 0.14% pe
replacement. What ae the Life Cycle Cog
implications of this outcome?

If one ignores inflation and assumes constant cash
autflow, one canusetheNPV euationto cdaulatethe
net presat savings.

n

1 ) .

1+ WACC
WACC

Where NPV = net present vdug C = annud
maintenance cos, WACC = 15% = weighted average
cost of cegpita and n = number of years=12years.

As shown in the dedsion tree in figure 4.4, the
epected cost, NPV, under this philosophy will be &
0.59 % of the total mantenance cost , whilst in the
curent practice it would be & 0.61 of the tad
meintenance cos on thecontinuous miner.

ca- (

Under these conditions, the ., -
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Thisresultsin asavings of 0.2% per annum per annum
for two motors per machine

470%

Cecision: Optimal Path
059

Figure 4.4 Dedson tree — Minimal cost increase
route chosen

5. CONCLUSION

- The optimum route has proven to be rewarding in
terms of the expected per unit maintenance cost. This
a0 implies an even bigger savings onthe totd life
cycle cost of the entire sygem.

- Andyticd methods yidd can be used to plan
preventative maintenanceintervals

- The vaue of beta or shgpe fadtor can dso be used
describe the failure pattern of equipmert.

6. RECOMMENDAT IONS

It is recommended that, the reader should use the

model on ather subsysems and compae the result

withtheir current replacement philosophy.

REFERENCES

Brick, M, Michad, J., and M organstein, D. (M&y
1989). "Using Satisticd Thinkingto Slve
M aintenance Problems,” Quality Progress, pp. 55 - 60.

Jadine AKS 1992, Maintenance, Replacement &
Reliability, Pitman Printing, Toronto, pp. 6 - 91

Using the Webull distribution and the time va ue of money concept to determine the gotimd  life of subassemblies on a continuous miner

(CM) of Sasol Mining Ltd

Published by Solly Mdkoena (Rdiability Engineg & Sasol Mining Ltd). —B. Sc. Mechanicd Engineering (Wits University) with permission
granted by Sesol Mining Ltd




