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The object of research is the process of the maintenance u Q HAMMA
BOUZIENE cement factory (Algeria), where an attempt w oNevolope a new
maintenance policy based on preventive maintena te of corrective
maintenance. The maintenance of industrial systems has n essential element
for companies seeking to conquer an increasing numb rkets.

In this study, we focus on examining the gecess intenance policy for the
production line of the HAMMA BOUZIENE cé#ent plant. The policy used in the
HAMMA BOUZIENE cement plant is correcif enance which costs 3.9 million
euros in year, and creates approximately 5 @of downtime at grinding workshop
valua of Reliability, Availaility and
the production line. Our system is divided
kkZ grinding mill, raw mill 1, raw mill 2 and
alic preventive maintenance which reduces the
etermine the most problematic subsystem, we
s, The calculation of the reliability of the most

level. This article describes the
Mainenability of various subsystems,
into five subsystems (kkl grindin
cement kiln). It was propos¢l a
costs of corrective main
used Pareto and FMEC.

critical system wag dol 1 e Weibull distribution.

The results ofWgis q @/ iation showed that the subsystem with a very high failure
rate was kkl grimg [ (with an excessively long downtime...). To reduce this
failure rqi® a ease the reliability and availability of the grinding mill, we

if ®ystematic maintenance is performed every 23 hours. when we use
this matl ce policy, the avalabilitty will increase from 87% to 95%.
This work contributes to reducing maintenance costs for the Hamma Bouziane
cement company by following the maintenance policy proposed in this research.
Keywords: reliability, cement factory, grinding mill, maintainability,
availability, Pareto method, FMECA methods.

Ob6'ekmom  00CniodiceHHs € npoyec MEeXHIYHO20  00CNY208Y8AHHA, U0
3acmocogyemocs Ha yemenmuomy 3a600i HAMMA BOUZIENE (Anxcup), oe 6yno
3pobieHo  cnpoby po3pobumu  HOBY NONIMUKY MEXHIYHO20 00CIY208Y8aHHS,
3ACHOBAHY HA NPOPINAKMUYHOMY — OOCIY208Y8AHHI  3AMICMb  KOPUSYBALbHOZO.
Texniune 0bcny208Y8aHHA NPOMUCTIOBUX CUCEM CIANO BANCIUBUM eNeMEeHMOM OJis



KOMNAHIT, SKI NpazHyms 3a680106amu 8ce Oibule PUHKIS.

L]e Oocnioocennsn 30cepeddiceHo Ha 8UBUEHHI HEeOOXIOHOI NOTIMUKU MEXHIYHO20
obcnyeosysants 8upobHuuoi ninii yemenmnoeo 3a600y HAMMA BOUZIENE.
Ilonimuxa, wo 3acmocosyemovcsa Ha yemeumuomy 3a600i HAMMA BOUZIENE,
NOJIAA2AE Y KOPUSYBATbHOMY MEXHIYHOM) 00Cny208)8anHi, ske kouimye 3,9 minvliona
€8P0 HA PIK | CMBOPIOE NPUOIUZHO 5 MicAYi8 NPOCMOI0 HA PiHi yexy noopioHenHs. Y
yiti pobomi ONUCAHO OYIHKY HAOILUHOCMI, OOCMYNHOCMI MA PEeMOHMONPUOAMHOCTI
pi3HuUx niocucmem 8upobHu4oi niHii. 3anponoHoeana cucmema nooileHa Ha n'imo
niocucmem (noopibniosanvruti maun kkl, noopibniosanvrutl maun kk2, maun 0ns
cuposuru 1, maun 011 cuposunu 2 ma yemewmua niv). Byno zanpononosarno
cucmemamuyre npoghinakmuyne mexHiuHe oOCIY208)8aHHSA, AKE 3MEHUL
Ha KopeKkyiline mexHiune obcnyeosyeéants. Jnsa eusHaueHnHs Hauoiny
niocucmemu euxkopucmano memoou Ilapemo ma FMECA. Posgax)fox
HAUbOiLbUW KPUMU4HOI cucmemu 610 NpoeedeHo 3a 00NOMO20I0 po elibynna.

Pesynomamu yiei oyinku noxazanu, wo niocucmemo OKuM pierem

giomoe oyna winigpysanvna mawuna kkl (3 Haomipno mp%qa M NPOCMOI0...).

o6 3menwumu yeil pieenv 6i0M08 1 nNiOSUWUMU H ma 00CmynHicmo
UiPysanbHO20  MAUHA, NPOBEOEHO OOCHIONCEHHS e3)1bmamu - aHasizy
nokazanu, uwjo Haoiunicme miauxa oocseae S@o, sk cmemamuymne mexuiuyme
00C1Y208Y8AHHI NPOBOOUMBC KOJNCHI 23 200U 'pu 3acmocysanni yiei nonimuxu
MexXHIUH020 00CY208Y8AHHSA 00CMYNHICMb 308 ca387% 0o 95%.

I[n poboma cnpuse 3HUdCEHHIO 8 @ HaQ mexHiuHe 00CIY208)8aHH s
yemenmnoi xomnanii HAMMA BOUZIA 30605KU  OOMPUMAHHIO  NOJIIMUKU
MEeXHIYHO20 0OCTY208Y8AHHS, 3aNPO W01 8 YbOMY O0CHIONCEHHI.

Knwuosi cnoea: HaoitiHicmpgli MEHNHULL 30600, MIIUH, PEMOHMONPUOAMHICMb,
eKcnyamayiina 2omoeHiChghb,

1. Introduction \

The efficiency
economic issue
inefficiency lie j

signs of defects before it is too late.

Preventive maintenance is the solution that has been integrated into management
systems and has proven itself. It helps reduce downtime, reduce maintenance costs
and production downtime, and improve resources, production and profitability in the
case of the cement industry. Effective condition monitoring requires accurate and
reliable measurements. Furthermore, since the equipment used in cement plants is
typically large and needs to be available and ready for use at all times, presenting a
high level of reliability and availability, there must be a well-defined maintenance
plan. A new Reliability Centered Maintenance Method (RCM) was proposed, which
was used in the field of electricity transmission (high voltage), this method is based



on the optimization of maintenance by analyzing failure modes, and the main
recommendation is the reintegration of this maintenance strategy, particularly
through the optimal and rational implementation of the RCM approach. This work
has demonstrated the feasibility of optimizing maintenance using this method in
electrical grids. The main recommendation is the reintegration of this maintenance
strategy, particularly through the optimal and rational implementation of the RCM
approach. His work has demonstrated the feasibility of optimizing maintenance using
this method in electrical grids [1]. A new method for planning stocks of electrical
capacitors linked in series with each other and which are applied to power lines.
Which take into consideration the fundamental principles of reliability analysis; it has
been applied to the planning and design of series capacitor (SC) bank i
power lines. It takes into account the cost of power outages, the decisj css for
new and existing electrical equipment in multiple systems, It wagreafizin
case, with successfully improve in the network reliability and it re

operation

cost of the grid [2]. A new approach to evaluate mainte algies in the oil
industry by comparing the new RAMS results with the s, te results of the
RCM study applied on reciprocating compressor API 61 & that the preventive
maintenance proposed tasks and planning are gener A . A study examines a
system configured in parallel with componentgconne®gdgth series, called a series-
parallel system. Decision-makers seek to estima#®the reliability of the subsystems as
well as the number of connections required hy™geighe components to guarantee the
performance and reliability of the overall S‘TO address this issue, we propose
two methods for estimating the reliability funct™®n, based on the maximum likelihood
estimator (MLE) and the unbiased minimum variance estimator (UMVUE).
bility estimation of the components and the

These methods are applied to thgate

system for different lifetimg dio s, in order to illustrate, through simulation,
the estimation procedure lx ¥ and UMVUE [4]. The authors classified the
study of reliability ini&\ categories: problem type, configuration and
optimization techniqugf; Wgilc®nhe last two are active research problems in the design

of sophisticated s - An analysis of the reliability of the material transport
system of an @ sure balance tunnel boring machine (EPBTBM) was

conducted 4For rpose, data on failures and repairs of the main conveyor system
N riz Metro in Iran were collected. The results of the analysis
theeliability of conveyor subsystems 1, 2, and 3 reached zero after 267,
hours of operation, respectively, furthermore, the availability results
showed that all subsystems were available for more than 89% of the time [6]. A very
thorough study aimed at integrating RAMS aspects into the Murthy model
demonstrated that this approach falls within the safety lifecycle of the IEC 61508
standard. This lifecycle covers the development of a Safety Instrumented System
(SIS), including all phases from design to decommissioning. However, the model
lacks detail regarding the product development stages [7]. The study of reliability,
availability, maintainability and supportability (RAMS), whose role is to increase the
work rate of industrial systems, The authors have tried to make it reasonably
comprehensive, but those papers which are not included were either inadvertently
overlooked or considered peripheral to this survey. In the present work the authors




have only considered those articles which have included two or more aspects of
RAMS [8]. A new method for calculating reliability based on the Markovian
approach with the aim of determining the behavior of industrial systems in a more
realistic and regular manner, the maintenance schedule can be prepared which might
help the maintenance managers to improve the system effectiveness by adopting
suitable preventive maintenance actions. FMEA analysis of the system can be carried
out by listing all possible failure modes with reference to different sub-systems [9].

The object of this research is the process of the maintenance used in the
HAMMA BOUZIENE cement factory, where an attempt was made to develop a new
maintenance policy based on preventive maintenance instead of corrective
maintenance.

The aim of the research is to evaluate the performance of thg,W#nty
applied in the company, based on the fundamental concgpts W ability,
Maintainability and Availability (RAM), as well as modern anal g¥ls such as
the Pareto and AMDEC methods.

To achieve the set aim, the following objectives wer :

1) to apply the Pareto method to identify the m % equipment failure

modes;
2) to propose an effective maintenance pgicy ai t reducing maintenance

costs;
3) to determine the optimal period fooe tic preventive maintenance to

reduce downtime for plant equipment.

2. Materials and Methods
2.1. Reliability
2.1.1. Definition

¢

Reliability is the pr A t a primary part, device or complete piece of
equipment will be used witlgut Wilure for a specified period of time, under specified

operational condition e system design phase it is very important to have
the different anom#y ed in previous versions, the aim of which is to improve
the operating 1eug ell as the use and non-use of sub-systems, systems,
including systepment, components, etc. [11]. The statistical analysis method is
the most\s od to quantify the reliability of repairable (MTBF) or non-
repagable ) systems. The main causes of repairable system failure include
poor de ibration, incorrect use and corrosion, but in the case of non-repairable
system failure, it is necessary to replace the part without repairing it. The probability
distribution functions for the different subsystems are better determined, by the
Weibull model. It is the most widespread law, and it is used in several fields
(electronics, mechanics, etc.). It makes it possible to model in particular many
situations of material wear.

It makes it possible to characterize the behavior of the system in the three phases
of life, period of youth, period of useful life and period of wear or aging. In its most
general form, the Weibull distribution depends on the following three parameters: S, y
and » [12]. The probability density of weibull distribution has the expression
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2.1.2. Statistical analysis metho
The main reason the 11D assugipti®g, is important is that it allows the use of

probability distributions to mod stems. If the data is not IID and probability

distributions are used for medel Is can lead to erroneous results and conclusions

in the analysis. The assu&‘ a¥the data is independent means that the failures
t

are not related to each o at the parameters of the chosen distribution do not

change over timeIn , the assumption that the data is identically distributed
means that each dM lows the same distribution. Fig. 1 explains the different

steps of the 11D
0\



Start

Data collection and classification

Calculate TBFs

Yes
Is there a

trend ?

Yes

Is there a
correlation ?

Non homogenous poison
process

Data are I1ID di @

Homogenous

poison process

TS O Reliability analysis

Maintenance planning

Finish

Fig. 1. Flowchart of statistical analysis method

It is important to emphasize that verifying the IID hypothesis is crucial to ensure
accurate data analysis. If this assumption is not met, the analysis results can be
biased, which can lead to inappropriate decisions regarding maintenance and
reliability management of the systems.



2.1.3. Pareto analysis

The Pareto diagram is a graphical analysis tool used to highlight the main causes
of occurrence of a phenomenon.

We usually say that 20% of the causes lead to 80% of the effects, while these
percentages are only an order of magnitude; they illustrate the fact that, in most cases,
a small number of causes lead to the majority of consequences. In the case of causes
of failure, priority must be given to eliminating the 20% of causes which lead to 80%
of failures.

This rule also applies to costs, because the 20% of maintenance costs will
require 80% of financial costs, etc. This tool will make it possible to improve
maintenance by targeting the most critical causes which will require greagff®attention
in terms of monitoring and actions taken by the maintenance departme %

To perform rigorous statistical and probabilistic analysis ofgdat
select appropriate techniques by verifying the assumption that the
and identically distributed (I1ID).

This hypothesis should be evaluated using statistica&uc s the trend and

serial correlation test.

2.1.4. Trend testing @

Trend testing is a commonly used method #§assess whether a system is stable,
improving, or deteriorating. This method i@ otting the cumulative TBF or
TTR against the number of cumulative failuf @ epairs and determining the overall
trend of the data. If the data trend is concave UPWard, this indicates that the system is
improving, that is, the time between failges or repairs is increasing over time. If the
trend 1s concave downward, this igdiges that the system is deteriorating, that is, the
time between failures or rgpai cfeasing over time. However, if the trend is
approximately linear, this X‘ e data is identically distributed; indicating that
the system is stable anc&g e between failures or repairs remains relatively
constant over time. Tt S can be a useful method for assessing the condition
of a system and dcW cther it needs to be overhauled or replaced based on its

current state.
l‘@ary school evaluated the trend using the method of calculating
cd on the following equation

_ m(i) (5)

where i 1S the number of failures, 7, is the last failure time and 7; is the time of
failure.

In this method, if i is greater than the critical number in the standard table, the
null hypothesis is accepted. If this hypothesis is rejected, the data has a trend.

2.1.5. Serial correlation test
In the serial correlation test, the (i—/)-th TBF/TTR is plotted against the i-th



TBF/TTR. 1f the data points are scattered randomly without any clear pattern, this
implies a data set exempt from serial correlation, implying that the data points in the
data set are independent of each other. The objective of serial correlation tests is to
verify the relationship between two variables; the scatterplots between the two
variables (TBF; and TBF';_;) show the correlation between the two variables.

2.2. Availability

Availability is the probability that a piece of equipment/system is functioning
satisfactorily at time when used according to specified conditions and in an ideal
environment. Inherent t availability is the most common definition used in reliability
literature [13]. The average availability of an item can be determin m the

following equation
* 0
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where 1=—— and y=—. @\
MTBF MTTR

2.3. Maintainability

Maintainability is a design parameter i : reduce repair time, as opposed
to maintenance, which is the act of repairingicing an item or equipment [14].

The probability of ending system repairs @ a time less than ¢ can be defined as

follows

M () = [ m(t)d. * O (7

2.4. Description o %ed element

The HammagBofzi cement factory has a large production line which is
distinguished by diNgr pes of grinders, a large rotary kiln with a diameter of

5500mm, a co CNFig. 2 illustrates the different steps in the manufacturing of
cement. ¢
ements work in series, when a subsystem fails, it causes a halt in

machines

rder to guarantee them better availability.
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Fig. 2. General layout of the cement plant [lfﬂ

Dispatch

The division into one or more workshops is therefo ueYy cach company,
depending on its activity. Consequently, there is no standa: 1. To illustrate how
workshops can be defined and divided at the compa e Hamma Bouziane
cement plant offers the division presented in Figg3. ‘@

SOCj}

= cement
career e ;?ﬁng coglging ispatch | | grinding cqrr:lqnt
ndin
workshop workshopd ks orkshop| worklshop W%?ksho§2
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Fig. 3. & of the cement plant company
The study will fogus A Tive subsystems, in order to determine their behavior
over the years an Q ose solutions for those which have proven to be more

critical in the faQ downs.
. NA iscussion

etoAnalysis

JTagnalysis according to the downtime of the factory

System failure and repair data are found from different sources such as operation
and maintenance information, daily maintenance reports and sensor data for
reliability modeling have been used.

The implementation of a preventive maintenance policy requires the
identification of critical workshops which must therefore be treated as a priority.
Fig. 4 shows the different percentages of downtime for the Hamma Bouziene cement
plant.
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Fig. 4. Stop rate of the “SCHB” Cement planet workshops 6

*
The a posteriori analysis method which produces results fron& wal) data is
e

based on the Pareto chart which allows us to select critical i 1t can be seen
that the KK 1 grinding mill has a rate of 25%. x
V4

3.1.2. Analysis according to the frequency of by S

In this step, a classification of the subsygems Rogfing to the frequency of
occurrence of breakdowns was carried out, thusgaking 1t possible to obtain an idea
of the reliability of the equipment. To do thi alg is constructed in which we can
see the (annual) frequency, its percentaghe cumulative percentage of the
equipment frequency.

In our study the number of wo s analyzed is equal to five. We construct a

r
table in which the workshops are cMgsifi®d in descending order of the number of
failure and the intervention g'm nted in Table 1.

x\ Table 1
Rariigs of the company’s workshops

‘ Frequency % percentage % accrual

v 814 26.61 26.6
774 25.30 519
677 22.13 74.0
571 18.67 92.7
223 7.29 100.0

The classification of critical subsystems based on the frequency of failures
during the year 2021 is presented in Fig.5 and provides an indication of the
reliability of the equipment.
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Fig. 5. Classification of equipment according to fi cy O failures
Following the Pareto analysis of the subsystems, carried out based on

the frequency of downtime, it was found that the equif@eny, kk1 Grinding mill, kk2
Grinding mill, and Raw mill 1; represent 80% @&the recorded shutdowns during the
study period. Therefore priority action must Jpseg to address the root causes that
directly impact these machines in order to etter machine reliability.

3.1.3. Analysis according to the ave ailure time

The mean time between break ns ® the ratio of the total breakdown time to
the number of breakdowns Th ion of the total breakdown time during the
year 2021 is presented in %

g | Pmachines according to the total failure time

Table 2

Total time(h) | % percentage | % accrual
4983.82 25.09 25.09
4601.3 23.17 48.26
4149.8 20.89 69.15
o\ Raw mill 2 3673.64 18.49 87.64
Cement kiln 2454.54 12.36 100

The resulting classification of machines, in relation to production is presented in
Fig. 6.
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Fig. 6. Classification of machines according to t% re®kdowns time

The results show that the most detrimengffl (or
mill, kk2 Grinding mill, and Raw mill 1.

) are the kk1 Grinding

3.1.4. Analysis of unavallablllty tlme

Fig. 7 illustrates the results of precc®ng Pareto analysis, which revealed
that three out of the five machines accounted for 71.02% of the total repair
time. Action can be taken on th icces of equipment to significantly improve

overall machine mamtamab.hty

]

&

,@(’.‘0 \? ‘@vo -6’? Q-a\ q?‘\ 0&“

& & @ &
Fig. 7. Classification of mechines according to the unavailibility time

The Pareto diagram above established according to the “unavailability time”
criterion highlights that the three first machines classified in order of importance. The



results show that the kk1 Grinding mill contains most of the breakdowns recorded in
the maintenance department.

3.1.5 kk1 grinding mill analysis

The division of the company will be followed by a second who allows us to go
down to the level of critical equipment. Fig. 8 shows the layout of the kk1 Grinding
mill workshop.
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o
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E Grinding \
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O —{ Motor @
~
i

— Coupli

Fig. 8. Division of Jgk1 grinding mill workshop

(grinding mill workshop)® the to diagram for each element were plotted
according to the number QgfaNgurO@#nd breakdowns illustrated in the Figs. 9 and 10.

According to these valu inPut/output bearing is the faultiest element in the kk1
grinding mill WOI‘@
96,65967 98 56986 100

failures.
¢ O 100 | 100%
N\ r_ Ly
59:»36/ { 0%

To determine the main 1“ei failures in the most penalizing subsystem




bearing" subsystem. Any maintenance action,
spare parts must focus on this compfn

Fig. 9. Classification of subsystems according to average failure time
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Fig. 10. Classification of subsystems accor.

to the frequency of failures

The top priority for improving systebility must be the "Input/Output

(Motor, Coupling, Grinding mill
reduction.

¢

3.2. Maintenance p

Table 3 presents
workshop. The v

effects, etc.) pr
time obsewvati

e

1gn improvement, or investment in
as efforts focused on other components

haVe a negligible impact on overall failure

ording to the FMEA method

tion of the FMEA method for the kk1 Grinding mill
s of information (failure modes, possible causes and
following FMEA tables were collected through real-

he system and through discussions with operators and

maintenaige S on site.
Table 3
Analysis according to the FMEA method
Oreans Status Failure Cause Effect on Detection Criticality Action of
& function mode the System Fr |Gr|Dé| C | maintenance
Fracture of | Foreign
the armor | body at
L g plate. the front Change.
Grln'dlng GI‘ll‘ldll‘.lg of Lack of of the Baq Control | 1 | 3|4 |12]| Welding.
mill materials ) function : .
fixation. system. Tightening
Cracking Bad
body tightening
Input Greasing Heating Lack of | Grinding | Control | 4 | 2 | 2 | 16| Change




bearing friction | oil. Pump | mill body.
broken Cushion
and Valves
Output Heatin Lack of rgllﬁr‘lbci)lgg
P Greasing NS bl Pump Y- | Control | 4 |22 |16 Change
bearing friction Cushion
broken
and Valves
Change the
Adjust bearing Wear. Reducer Control | 1 [ 4|3 |12 Repair
Alignment | shutdown
Reducer | speed and | and gears
power Electrical | Reducer Reducer Visual | 3 Change
control broken shutdown '
Carbon
Change the | brush
: brush. Wear. :
Motor Motion Cabling. Cable System Cont Connection.
generator : shutdown Change
Cushion tears.
heating Oil
lacking
Coupling| Motion Gear tooth | Grease Syst .
system |transmission| breakage lacking shutdo a3 )12 Repair

methods on the cumulativ:
and the Laplace were

used to detect the n@
the decision was

respective
these figlge
made. So

According to the FMEA study, the
critical components, with a criticality of 16.

3.3 Period of systematic prev
3.3.1. RAM analysis . @
The trend test in t is&
krform the trend test. A graphical method was also
data. After performing all three trend tests on the data,
t the existence or absence of trend. The Figs. 11 and 12
e graphical test for TBFs and TTRs data of kk1 crasher, from
ision on whether or not the trend is present in the data was
s and TTRs for kk1 Grinding mill not trend.

e

i@n output bearings are the most
e@aintenance

as conducted using analytical and graphical

and TTRs data. The analytical methods of Military
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\ Fig. 12. Trend test for TTR

Figs 13"and 14 present the Time between Failures (7BF) and Time to Repair
(TTR) data from the plant's correlation tests, respectively. The scatter plot between
the two variables (7TBF; and TBF; ;) shows that the data are widely dispersed. This
observation indicates that there is no correlation between the data from two
consecutive failures. This validates the assumptions of IID of 7BF and TTR.
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Fig. 14. Correlation test for TTR

3.3.2. Reliability analysis

Subsequent to data analysis, best distribution functions of the TBFs and TTRs
data were selected by goodness of fit tests. In the case of existence trend in the data,
the non-homogeneous Poisson process and PLP was used. On the other hand, in the
absence of trend in the data, the renewal process was used to select the best
distribution function. In the case of renewal process, the classic method was used to
fit the data.

Based on the obtained results, the reliability functions for kk1 Grinding mill for
TBFs data are as follow



R(f) =e_(ﬁ) . (8)

The reliability of kk1 Grinding mill was determined by the best probabilistic
distribution function. The reliability of each sub-system for TBFs data was calculated
individually and its reliability charts was plotted. The reliability diagrams are shown
in Fig. 15; we note that the diagrams of (R, and R,,) are very close to each other with

minimal error.
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Fig. 15. Estimated and ghe iability curves of the kk1 Grinding mill

This allowed us to&& our diagnostic and expert work on the faultiest
element in order to optifMeec tenance on this machine.

To 1mprove Qqe Prgfiap¥lity of the system and with the aim of minimizing
°d to estimate the systematic period of maintenance to
1

maintenance cos
achieve higher ' , preventive maintenance is required for the system. Table 4
shows th W 8gap¥e period required for different reliability values.

Table 4

Reliability intervals for the system

Reliability (R) Time ()
90% 12 h
80% 23 h
70% 34h
60% 46 h
57% 48 h

3.3.3 Maintainability
Using this distribution function, the maintainability of kk1 grinding mill sub-



systems was determined by equation (7) and their associated graphs are plotted in

Fig. 16. According to this figure, the failure repair time of the kk1 Grinding mill is
about 1071 minutes with 80% probability.

1,25

1,00 - . .
o
’
.
0,75 l,.
- ’ 6
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/
0,00-F T T T T T T T
0 100 200 300 400 500 600 700 8 0

Time (h)

Fig. 16. The maintainability graphgf the @inding mill

3.3.4. Availability
The availability of each sub-system W'ulated by using equation (6). The
MTRBF value for each sub-system was obtaing ough dividing the cumulative time

between failures (CTBFs) by the tot ber of sub-system failures. Similarly, the
MTTR value for each sub-system rmined through dividing the cumulative
time to repair (CTTR) by the ber of failures. According to Fig. 17, we

hours of operation

\0
\

0,925

observed that the avallab% P(1) decreased from 99% to 87% in the first 20

Avallability

0,900

0,875

0,850 T T T T 1
0 25 50 75 100 125

Temps (h)

Fig. 17. Evolution of availability



3.4. Discussion of results

To increase the availability of the subsystem, it is important to reduce the
number of failures (i. e., increase its reliability) and reduce the time required to
resolve the causes of these failures (improve its maintainability).

To improve the reliability of the system, preventive maintenance is required for
each sub-system.

These results are recommended for the Hamma Bouziane cement company. We
were able to propose a maintenance action plan for the production plant of the studied

system.
In the future, an experimental study will be conducted to determine the most
penalizing element using mixed Weibull law. 6

4. Conclusions ’'S Q

1. The Pareto method shows that the most detrimental s& o the KKI
Grinding mill. According to this study, the input and output the two most
deficient elements in the KK1 crushing workshop.

2. According to this study, we proposed using a preyeMgve¥naintenance policy
instead of corrective maintenance. This proposal@ cnefit the HAMMA

BOUZIENE cement plant by 3.9 million euros.

3. According to the results, found the hig#eliability level up to 57%, and to
achieve a reliability of 80% it requires a sysjyfgtiC§naintenance period of 23 hours.
Additionally, the Availability results indicathe system is available more than
87% of the operating time.
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