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Abstract: Nowadays, more and more emphasis is placed covtrall maintenance concept and strategy, notioréyl
industrial sectors, but increasingly, maintenanaeagement is becoming part of a long-term strdtagyoth businesses
and other institutions. One of the priority objges of all types of maintenance is the return @estment that has been
put into maintenance and, of course, the smoothatipa of machines and equipment without failutest hegatively
affect the entire product manufacturing processri@isly, a company with a poorly developed mainte®astructure,
will only be very hardly competitive in today's rkat, compared to a company with the same or simiknufacturing
program, which, due to a more sophisticated maamea system, often has lower maintenance costs. dtention is
paid to maintenance in industrial enterpriseshindrticle, it describes and characterizes thig bakability feature and
proposes a method for optimizing the maintenancation within an industrial enterprise. The progbseethod is
universal and can be used to support maintenaisceage management in both industrial and non-tridusectors.

1 Introduction » Poor quality of production: material defect, punotion

Manufacturing companies are under increasing !naccuracy, repairs, etc.
pressure to reduce production costs. They are dorae ) )
more optimize their production processes and irser ¢lae Obviously, some production losses cannot be
productivity of production processes and the use &Pmpletely eliminated, but most losses can be fuigmitly
machines, people and materials. This entails héghashds reduced or eliminated. Actual production perforneanc
on production management in terms of productiofepends on how the above losses can be avoided or
management and planning. For decision making, it f!bstantially reduced [2].
necessary to have information on critical points in
production. Know the real production capacities, There are some forms of wasting, which need to be
bottlenecks, various downtime and losses that arisker  eliminated in logistics area, for example [3]:
specific conditions and combinations of variatiodee of * Useless movement and manipulation of products and

these factors is the location of maintenance tetts the materials - is delivered too much or too little;
logistic delay of the service. unnecessary reloading, moving stock, people and

material. By default, it has been confirmed tharéh
are up to ten other activities per technology opana
Redundant documents and administration - excessiv
documentation related to logistics activities, manu
recording of items, filling in too many types of
documents, redundant records.

Bad documents in logistics - incorrectly filled
documents, incomplete specification, parts lisorer
and subsequent errors in the information systemtaue
depreciation of finished production, poor material
transfers.

Searching for material and semi-finished produiee
material is not where the system shows, the system
shows a certain number of items and there is no
material in the warehouse and vice versa, the syste
does not have the material, so it automaticalleosd

and is physically in the warehouse. Each of these

2 Losses in production
Each production generates losses that do not dtlow °
maximum theoretical production performance. It dejse
only on how responsible workers, mainly production
managers, but also operators and operators onntbs |
manage to reduce their incidence and size. Losses i
production can be divided into four basic areas [1]
» Planned losses: weekends, holidays, preventive
maintenance, cleaning, development, tests, exams, e
e Operational losses: machine setting, production
change, lack of material and people, poor servicé,
outages, equipment, bottlenecks, errors, etc.
 Power losses: poor machine settings, deliberate
deceleration, failure, extended production cycle
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situations is followed by a waste of time by a nemb 60050-192 [5], the logistic delay is defined as detay,
of people looking for differences in the numbeiteins  excluding administrative delay, provided for theyision

and comparing the system with reality. of resources needed for maintenance action to edooe

» Waiting - waiting for loading, waiting for unloadj; continue.
waiting for material imports; waiting for the shipmt In practice, this is the cumulative transport tihoe
to be completed, waiting for material to be reléase installed equipment and waiting for spare partqeets,
material composition. test equipment, information or suitable environraknt

* Errors in logistics activities - incorrectly loadl conditions.
consignment, incomplete material supply, inventory A graphical interpretation of the logistic delay] |6
differences, late delivery of material or semigiméd service interventions is shown in Table 1. All tiraes
products [4]. mentioned in the figure are time intervals or timrval
sequences.
As noted above, we will focus on minimizing logtsti
delays in service interventions. According @8N IEC

Table 1 Maintenance times [5]
Maintenance time

Corrective maintenance time ‘ Preventive maintenémes
Active maintenance time
o Active corrective Maintenance time Active preveatMaintenance time o
Logistic : - : Logistic
delay Technical Fault Fault Function | L ... | Preventive | Function delay
localization| correction | checkout maintenance| checkout
delay - - : delay S ;
time time time active time time
Repair time

Note: All times mentioned in the Table 1 are timiivals or sequences of time intervals.

3 Method for optimizing the placement of cost are used as optimization criteria and estithaie
maintenance simulation. Authors want to determine MTBF (Meamﬁi

31 Method algorithm between Failures) and MTTR (Megin Time to Repa_|r).fo
) all components and ALDT (Administrative and Logisti

For the issue of optimization of maintenance |larati : . . .
. Delay Times) of the searching system in order timize
or management of transport routes are developadugr : .
the life cycle cost and to satisfy the target syste

optimization methods based on different algorithms, ~.\\ i A" hybrid genetic algorithm with a hstic
solutions and is described in numerous publications

Paper [7] is to propose innovative condition-base@ethOd is proposed to find near-optimal solutionsl a

maintenance scheduling methodologies by integrati ggmpared with a general genetic algorithm [11].

complex data processing, feature extraction, pregmo N9" Our maintenance assurance solution is unique amd us
P pro 9, ; on, p of the CRAFT method - the technique of determirtimg
algorithm, and maintenance scheduling optimizatidme

proposed framework of prognostic-based maintenan(r,re':mual position by calculation is used to determine

- . -~ optimal relative position of the various elemenisthie
scheduling is able to provide trade-off analysiseims of arrangement of the whole. As a reminder, the essefc

key performance metrics such as command possess|on . L . ;
rate, cost, and capacity expansion. The optimize{ﬁ's method is that it is based on arbitrary lawadi of

maintenance schedule based on fleet health stétlsas workp_laces thatare most a_dvantqgeous n terma’m‘npl
. . o handling costs. The aim is to find an arrangemenit u
to higher aircraft availability, lower unscheduled

. . . which would reduce the cost of material handlingato
maintenance cost, and meeting the continuous.

. L minimum.

Improvement initiatives : . For CRAFT calculation we need the following data:
The paper [8] describes a mathematical programming N - number of departments;

model of the problem,_ as well asa shortestl patfamiyc vij - the number of load units (products, components)

programming formulation for a single part whichved the moving between i and j;

proble.m in polynomial time complexny. . u;j - the cost of moving the load unit per unit dis&n
Article [9] proposes an integrated prOdUCt'SerV'C%etween theiand j;

model to ensure the system availability by conautye l;j - distance between centres of departments.

aIIoca’glng reliability, redL_mdancy, and spare parts The cost of the whole product movement betweersunit
Artlgle .[10] de_al with anoptimal re_llab|I|ty .and i andj per unit distance is then given by relations (1):

maintainability design problem of a searching systégth = XD (1')

complex structures. The system availability anel dfcle g Rty
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which can be written in the form of a matrix (2):

€11 €12 " Cip
C:[ : l @)

Ch1 Cn2z ° Cpn

Changing the layout of formations varies the distan
between them. Distance between departments can
expressed through the matrix L (3):
by b - l1nl

L= 3)

lnl lnz lnn

The cost of any solution of the deployment of thisu
is then expressed as (4):

AL =X X cij X (4) g
Figure 1 Graph of network projection of devices amit
The goal of subsequent step is to minimized meation locations
function (4). We proceed in such a way that you eaut
of the arbitrarily chosen initial deployment of toits The distances between the nodes are replaced by the

(Workp|aces) and in the Steps there are mutua|mgﬁs time data - the transfer times. Table 2 gives aamqe)te of
of units, which are the most cost-effective for tiary the  the individual transfer times.
material. We proceed until we find a solution tbah be ) o .
improved by any exchanges. When solving problerigs th___Table 2 Times of logistic delay - the transfer Srftg
method it is necessary to respect some given donsgljtfor 1 2 3 4 Al B C D E
example some workplaces must be side by sidg, 1 6 6
workplaces have a fixed position and so on.
The method is calculated on a computer. Input data?2 6
form material flows between departments, the cdst p 5 4
material handling is per unit distance, and anyiahi
deployment. 4
For maintenance needs, the CRAFT method has bgen
modified to address the task of optimizing maintera
location.

N|Ww|w]| o

3.2 Demonstration solution

The following example illustrates the entirg
modification of the CRAFT method. Let us have th
devices expressed by nodes A to E and the station
expressed by nodes 1 to 4 (Figure 1). We havedidelen Subsequently, we define the individual logistictesu
maintenance points so that it is optimal from te@pof  for each of the proposed maintenance stations (Eigtio
view of service logistics and thus minimal logisticrigyre 5) and determine the logistic delay timastfi@se
downtime. logistic routes (Table 3 to Table 6).

1%

“Ymlo|lo|m
N
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Figure 2 Representation of logistic routes to desifrom Figure 4 Representation of logistic routes to desifrom
maintenance stations 1 maintenance stations 3
Table 3 Logistic delay times according to logistiates for Table 5 Logistic delay times according to logistiates for
maintenance stations 1 [h] maintenance stations 3 [h]
A B C D E A B C D E
1 8+4 8 6 6+4 8+6 3 4 3 3+5 3+8 6

Table 6 Logistic delay times according to logistiates for
maintenance stations 4 [h]

A B C D E
4 7+4 7 7+5 6 5

Figure 3 Representation of logistic routes to desifrom
maintenance stations 2

Table 4 Logistic delay times according to logistiates for
maintenance stations 2 [h]

A B C D E

Figure 5 Representation of logistic routes to desifrom
2 3+4 3 3+5 4 3+6 maintenance stations 4
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The quantityv; - the number of units (products, The final procedure is the calculation accordingh®
components) moving between departmeatsdj has been relation (4) - calculation of costs of any solutiaf
transformed to the average number of maintenandeployment of departments - but for our purpose we
workers which are ensuring maintenance. Table @nis calculate the cumulative costs due to logistic yela
example of the transformed valador the example chosen (Table 11).
by us.

Table 11 Cumulative costs due to logistic delayTCZ
Table 7 Average number of employees in the maintenaf A B C D E 5

individual devices [without dimensional quantity]
A B C D E 60480| 9600| 57000 | 3600Q 15540| 178620
35280| 3600| 76000 | 1440Q 9990 | 139270

Y 4 2 5 2 3
20160| 3600 76000 | 3960Q 6660 | 146020
55440(| 8400( 114000| 21600 5550 | 20499Q

AIW|IN|PF

Similarly, the guantity; - the cost of moving the unit
of per unit distance between unitsand j has been
transformed into average hourly cost of maintenance The result optimal solution is the minimum sum of
personnel for the purposes of this modified CRAFThese cumulative costs. In Table 11 for our exantple
method to optimize the maintenance location within resulting minimum value is indicated in yellow. $hi
industrial plant. Table 8 shows an example of thenplies that for the specified conditions and given
transformed value for the chosen example. parameters, the location marked with the numbes 2 i

optimal for maintenance.

Table 8 Average hourly costs of maintenance peronn

[CZK /h] 4  Optimizing maintenance position on the
A B c D E sinter plant
u 210 150 190 200 185 The goal of optimization [12] is to decide on the

optimal location of the sinter plant maintenancetigeto

o . . inimize logistical delays in preventive and cotiex
In addition, new we will now determine the averaggl : 9! 1ay P
maintenance interventions.

frequency of maintenance interventions on individua It is decision between 4 possibilities. which aratie
devices. We denote this variable n and in Tableegetare technological diagram (Figu?e 6) and élso marketh wi
values of this quantity for the chosen example. symbols U1, U2, U3 and U4,

For this optimization, the modified CRAFT method
individual devices [without dimensional quantity] was used as _descr'beq In t_he previous chapter.
The solution consists in the fact that the proposed

A B c b E model of the agglomeration plant according to the
n 6 4 10 9 2 technological scheme was converted to a networkemod
with nodes (Figure 6), where the individual mackiaed
Hevices are represented by nodes, which were given
identification number and an identification sym{ible list
of node marking is Table 12). Traffic routes betwee
individual nodes (machines and devices) are reptede
by a network with parameters of 39 m/unit on thaxis
and 31 m/unit on the y-axis. These parameters were
determined based on model and real system siryilarit

For the determination of logistic delays times, i.e
transfer times between nodes, the average speéueof

Table 10 Vector of Total of Hourly Cost of Maintena Staff ~ Maintenance worker was first determined in opegatin

Table 9 Average frequency of maintenance intergeaton

We then proceed with the CRAFT method - applicatio
of relation (1), but we will also modify this relatship.
The result is a relationship (5) expressing thal teourly
cost of personnel for the maintenance of eachitfacil

c; =n; XU Xv; (5)

Table 10 shows the resulting cost vectorfor the
example we choose.

[CZK] conditions. This speed was determined accordir{@3h

Total hourly costs ¢ where it is assumed that the rate of walking oéespn is

maintenance workers determined by health status, motivation, terraid ather
A 504( circumstances, and thus the walking speed deperuting
B 120¢ the slope of the terrain can be estimated by thiglefo
C 950( function (6).
D 360( S=6X e(‘3'5'|t9(9)+°'°5|) [km/h] (6)
E 111C
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wheres is the walking speed of a healthy person on thtae Tobler function, which is used to move outside

well-tended path ané is the inclination angle of this path well-tended path, has been neglected.

(negative means descent, positive ascent). The speed of the maintenance worker in the comditio
The angle of inclination of the paths in the coiodis  of the modelled of sinter plant was thus set aB&Km/h,

of the sinter plant can be assumed to be zero whidter the conversion of 1.399 m/s.

neglecting the movement between the floors in the Based on this data, logistic delay times were set

buildings and halls. Also, the modification con$tafb of between the planned maintenance centres and the

individual machinery.

o =] [ [ = -
ORE YARD
o

-l el =] [5]

HOM1

17

12
HO M2 HOM3

uz2

E1EY ERER
5]

W

H
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(]
=]

L} o] [

Figure 6 Network of node model of the sinter plant

HOM1, HOM2, HOM3 is homogenization pile
VP is blast furnaces
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Table 12 List of node markings - equipment of siplnt

Number | Symbol Equipment Number | Symbol Equipment

1 Vi tipper 22 SP sintering

2 RT thawing tunnel 23 DR1 grinder

3 V2 tipper 24 TR1 sorting plant

4 V3 tipper 25 CH cooling

5 Jl crane 26 ML milling

6 P1 conveyor belt 27 P11 conveyor bejt

7 P2 conveyor belt 28 DR2 crushing

8 P3 conveyor belt 29 P13 conveyor bejt

9 P4 conveyor belt 30 P14 conveyor bejt

10 N1 loader 31 J2 crane

11 P5 conveyor belt 32 P12 conveyor belt

12 P6 conveyor belt 33 J3 crane

13 pP7 conveyor belt 34 P15 conveyor belt

14 Z1 collator 35 P16 conveyor bel

15 P8 conveyor belt 36 N2 loader

16 ZB tray 37 z2 collator

17 ZA tray 38 P17 conveyor belt

18 P9 conveyor belt 39 P18 conveyor belt

19 P10 conveyor belt 40 P19 conveyor belt

20 TR2 sorting plant 41 P20 conveyor bejt

21 MiI blender 42 P21 conveyor bel
43 P22 conveyor belt

Subsequently, on the basis of the mean failure-free The final phase of the optimization is the deteation
operation of the individual devices, the averaggdency of cumulative costs due to logistic delays on irtial
of maintenance interventions on individual instébias is installations and subsequently to individual plahne
determined and the average hourly cost of maintmanmaintenance centres (Table 13) and cumulative egsts
personnel is determined. determined from these partial calculations dueogpstic
Furthermore, it was necessary to determine theageer delays for individual planned maintenance centres.
number of personnel in the maintenance of the iddal The resulting optimal solution is the minimum sum o
facilities for the purposes of optimizing the maimince these cumulative costs. This implies that for teuea
location within the sinter plant model. maintenance of the sinter plant for the specifieulditions
From these values, the vector of total hourly afst and given the parameters, the optimal maintenaecte
maintenance personnel was calculated according lteation is chosen U4 (Table 13).
relation (5). The impact of CRAFT method on return on investment
is to optimize the maintenance environment in aiggy
Table 13 Cumulative costs due to logistic delaysnidividual environment in that way to be minimized the amooint

planned maintenance centres logistical delays in maintenance. This will redtite time
_ Cumulative costs due to for preventive and corrective maintenance, which g
The maintenance logistic delays used for production. At the same time, production
centres [CZK] efficiency and productivity will increase. Othemiadits of
o1 TVERY implementing_of suggested method is_ an optim_iz_ln@ t
‘ number of maintenance workers associated with &sang

U2 24958t their labour productivity. There is a reductiomiage costs
U3 17670 while maintaining maintenance in the same resphdrig
ua 13749: level.
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5 Conclusions [2] FEDELE, L.: Methodologies and Techniques for
The proposed method to optimize maintenance latatio Advanced Maintenanc&pringer, 2011.

within an industrial enterprise is one of the methao [3] KUMAR, U.D., CROCKER, J., KNEZEVIC, J., EL-

support maintenance assurance management. Thisdneth HARAM, M.: Reliability, Maintenance and Logistic

is a modification of the CRAFT method. The CRAFT _ Support - A Life Cycle Approac8pringer, 2000.

method is used to determine the optimal relativsitipm  [4] SIMON, M.: Optimalizace logistickych prodiesv

of the various elements in the arrangement of thelav kontextu Stihlé vyroby,IT SYSTEMS\Vol. 2015,

The proposed modification consists in adaptingnie¢hod No. 1-2, [Online], Available:

to the conditions of maintenance management, i@ Th https://www.systemonline.cz/rizeni-

individual input parameters of the method and stes  Vyroby/optimalizace-logistickych-procesu-1.htm1 [10

precisely defined in order to support the decisionthe April 2019], 2019. (Original in Czech) .

optimal location of the maintenance centre in tieistrial  [5] CSN IEC 60050-192Mezinarodni  elektrotechnicky

enterprise so as to minimize logistic delays invengive slovnik —Cast 192: SpolehlivosBraha: UNMZ, 2016.
and corrective maintenance actions. (Original in Czech)
The proposed maintenance optimization method [§] MOUBRAY, J.: Reliability-Centred Maintenance,
implemented at the sinter plant. The agglomeratias Elsevier Science & Technology, 1998.
chosen because it is an integral part of the nuegatlal  [7] LI, Z., GUO, J., ZHOU, R.Maintenance Scheduling
enterprise and consists of partial, diverse presessd Optimization Based on Reliability and Prognostics
facilities. Information, Annual Reliability and Maintainability
The results of the agglomeration plant model olehin ~ Symposium 2016 Proceedings, Book Series: Religbilit
and presented show that the proposed tools asbkifor and Maintainability Symposium. New York: IEEE,

supporting maintenance assurance management. @hey ¢ 2016. _

be used, both in the maintenance assurance plaphasg, [8] KIAN, R., BEKTAS, T., OUELHADJ, D.: Optimal
whereby we can optimize the maintenance assurance SPare parts management for vessel maintenance
process - both in terms of the appropriate maimema  SchedulingAnnals of Operations Researd¥iol. 272,
location in the process, as well as the maintensctoedule No. 1-2, Special Issue: SI, pp. 323-353, 2019.

and the number of maintenance personnel perforthiag [9] JIN, T., TABOADA, H., ESPIRITU, J., LIAO, H.:
intervention. In addition, they can be useful ineth Allocation of reliability-redundancy and spares
operational management phase, allowing us to quickl inventory under Poisson fleet expansiohSE
orient and support operational decision-making in TransactionsVol. 49, No. 7, pp. 737-751, 2017.
managing maintenance of a technological processils [10] DHILLON B.S.: Maintainability, Maintenance, and

current status, while providing us with strong weedses Reliability for EngineersCRC Press, 2006.

in object reliability. [11] YUN, W.Y., PARK, G., HAN, Y.J.: An Optimal
Reliability and Maintainability Design of a Seanubi
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