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Abstract

In the article authors are interested in the isafesCC analysis implementation in the area of pagee
transportation systems performance. In the fiegp stf research analysis, there is provided a grigérature
overview of the analysed research area. Thus,ghkcability of LCC analysis is investigated on teesting
passenger transportation system located in Lowesi&j Poland.

1. Introduction facilities dependability or providing resources

. . _ availability and efficiency of their use [25], [32]
Rapid changes in the market of regional passengepqgitionally, one of the fundamental mistakes made

ser\élcles ff%rc_ed rgajo_r carrlerz to Vlf”fyhthe CUITeN 4yring technical facilities maintenance decision-
model of doing business and make the necessanauing process performance is considering the

changes, often aimed at lowering their performancyre renewal and operational costs without taking

costs. o _ o ) into account the aspects of their
The carriers’ main activity, in which they seeks0s  rgjiapjjity/availability, or carrying out an incarct

savings, is a means of transport maintenanCgyenification of future performance costs (e.gnso
performance. Such a decision is connected with the,|ayant costs omission).

fact that the costs associated with technical ¢bjec qna of the possible solutions which may help
maintenance represent a significant percentageeof t
total cost of their Life Cycle Costs (LCC) [10].

According to [27], LCC are estimated at jyest money on dependable technical objects & Lif
approximately 40% of the total costs of the faeitit Cycle Cost analysis [6].

Therefore, even a slight change in maintenancq,” yqgition to LCC there can be found in the
management area can therefore lead to improvememta ature other methods which take a wide
of carriers busme;s 'model performance Inperspective on product life cycle. Most notable are
technological or organizational way [10]. Total Cost of Ownership (TCO) and Life Cycle
The improvement actions are mainly focused Onpggessment (LCA). However, TCO does neglect
searching for savings (e.g. connected with rednctio e ations and maintenance costs, LCA is focused on
of labour costs, spare parts purchasing, sparé pargnyironmental impacts instead of being a costing to
allocation optimization). On the other hand, thare 13], and according to [15] LCC analysis is a metho
expected some activities in the area of increasingy,i can be used to evaluate alternative assanspti
or/and assets maintenance management strategies.

maintenance managers to properly analyse the costs
of an object over its entire lifespan and effediive
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Following this, the main objective of this artiegketo  cycle costing methods and presented a review of
present a LCC analysis implementation for the casditerature focused on LCCA implementation.
company. Thus, in the next Sections, the concept oDurairaj et al. in their article [5] present andrquare
LCC is investigated. Later, there is presented thalifferent life cycle cost analysis methods.

discussion about analysis results of LCC analysig-ollowing the literature known mathematical models
implementation in the case company maintenancef life cycle costs can be classified into thresiba
decision processes performance. groups [3], [17], [24], [29]:

The article is the continuation of authors reseanch « models dedicated for technical objects’
the area of means of transport maintenance  manufacturers, that are designed to minimize the
management issues (presented e.g. in [19], [2]]-[23 costs occurred in the early stages of its lifetime,
[30]), and possibilites of LCC analysis « models aimed at minimizing the lifetime cost of
implementation in the area of passenger transport the facilities being already in operation,

systems performance (see e.g. [6]-[8]). « models oriented to customers wishing to
purchase a new technical object.

2. Life Cycle Costs analysis — a literature The main area of authors’ interest is the last grofu

review models, which is useful to define the future cats

technical objects lifetime and to make a proper
investment decision. In this group of models, there
can be defined two subgroups [9]:

basic LCC models without technical objects
reliability issues consideration,

LCC models with technical objects reliability
issues implementation.

The first group of models is focused on proper
identification of technical objects costs incurmedts
main life cycle phases, see e.g. [3], [11], [2@B][

The concept of Life Cycle Cost is widely used i th
literature and practice since 70s. of the XX centur
(see e.g. [16], [18]). According to [18], the Life
Cycle Cost is defined as the total sum of the tjirec
indirect, recurring, non-recurring and other redate
costs incurred, or estimated to be incurred in the’
design, research and development (R&D),
production, operation, maintenance, and suppoat of
product over its life cycle, i.e. its anticipategetul
life span. It is the total cost of the R&D, prodoat
O&S and, where applicable, disposal phases of th 31 .

life cycle. This definition was later extended in he ;econd_group (.)f m.OdeIS takes mto account the
international standard IEC 60300-3-3:2004 [12],techn|cal objects re||ab|||_ty costs bean_ng._ FOIIDW
providing more detailed definition of object life [3], the_re. can be defined four reliability costs
cycle phases which are considered in LCC analysis(.:ategor'es' _

The typical areas of costs which are included & th ® Preventioncost, _ _

process of estimation of object's life cycle coste ~ *  @ppraisal cost (i.e. inspection/review cost),

given e.g. in [6]. * internal failure cost,

Additionally, according to [15], the LCC analysis * external failure cost.

can be defined as a systematic process of technicaFor more information we recommend reading e.g.
economical evaluation that considers, in al3] [4], [6], [9], [17], [24], [29].

simultaneous way, economic and reliability aspectsTaking into account the customer purchasing
of an asset, quantifying their real impact alosdife decision problems, and following the literatureg th
cycle cost. Thus, the total costs of non-reliapilite =~ most commonly lifetime costs of a technical object
classified into two groups: costs for penalizationd ~ can be divided into two categories of costs (£8],[
costs for corrective maintenance [15]. [14], [20]): the costs of acquisition (purchasedan
The literature review in analysed research area igperating costs. Their proper identification carthee
provided e.g. in [3], [17], [24], [29]. The work of base for investment decisions.

Asiedu and Gu [1] should be underlined here.Following this, in the next Section, the case stiaty
Authors investigated the issues of LCC analysis and-CC analysis implementation is provided as a base
tools that have been developed to provide engineerf9r definition of purchasing procedure for buying
with cost information to guide them in design. They new means of transport with taking into account the
presented e.g. a comprehensive analysis of codibjects unreliability.

issues in life cycle design, and define three noast

estimating approaches: parametric models, analogou3. LCC analysis implementation — case study
models and detailed models. This problem was later : :
developed by Korpi and Ala-Risku in their work S-1- Railcar operation system

[13]. Authors provided there a discussion abo#t lif The applicability of LCC analysis is investigatea o
the existing passenger transportation system ldcate
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in Lower Silesia, Poland. The system covers severahvailable railcars are then assigned by dispattber
routes operated daily by Lower Silesian Railwaysspecific circulations, provided that the permissibl
Company on mixed-traffic railway infrastructure parameters like e.g. remaining number of kilometres
which is partially single and double track. The to revision, are met. Disruptions and failures eaus
network is of irregular form with central station i instant changes in the railcar assignment.
Legnica, supplemented by the only service depot forThe maintenance process of the railcar is also
the car fleet located nearlfyigure 1presents the rail precisely defined in service manual, including
network. obligatory maintenance revisions of several diffiere
levels of complexity. Depending on the latter, the
vehicle is excluded from regular operation for agrt
period of time.
The identification of the important aspects and
ot possible data sources in the operation process is
‘ shown as the entity-relationship-diagrantigure 2

O e \ 3.2. Maintenance data analysis for the case
\} O company

AN The research analysis covered 8 single car rag¢us
of particular type X. The analysed rail cars inéud
these, which were handed over to the rail carrier

/—; fam from previous railway operator, as well as new ones
s were being bought by the regional province
Cam government and directly sent to the rail company.

These vehicles were owned by a company at
different times of their life, as illustrated figure 3

Figure 1.Schematic representation of track layout
in Lower Silesia with bold lines marking out the
operated routes and the service depot located in
the centre of network [2]

A

The operator puts into service small- and middle-
sized diesel rail vehicles, running mostly as sngl
train sets, rarely coupled. Currently 21 rail buses
dating from 2004 to 2011 are used, being built

Number of Railbuses

mostly by one manufacturer or his subsidiaries. The — =TT
fleet comprises a homogeneous set of objects ir T 2010 2011 w12/ .
terms Of des|gn SOluUOnS m"“;;ﬁ::ﬁ;gﬂ:ﬁﬁvmes,,,_ Railbus operated by anotherrail carrier ERIEhIne sesssc
The rolling stock remains the property of local start ofthe ressarch Rallbus operatedby analysedral carrier

province government, being spared to the operatoFigure 3. Time schedule of performed research
which is fully responsible for all maintenance analysis [7]

activities. Therefore it is especially important the

rail company to introduce optimal maintenance The period of research analysis encompasses
strategies to meet the service and cost levelst3 months (152 568 working hours) of rail carriers
expected by the car fleet owner. performance, from December 2008 to June 2012.
The process of railway operation is strictly The mileage of analysed rail buses made before and
determined. In short, the publicly announcedduring the research period of time is given in the
timetable consists of trains servicing routes withFigure 4 The data about rail buses’ operational
stations. The set of trains to be run during theate  process performance are taken from their operdtiona
then combined to form the so called circulationsphooks which are prepared by department of tram
which may be detailed by requirements like allowedmaintenance employees. These operational books are
railcar types. One circulation may also cover s&ver |ocated in every rail buses, and are filled in hgiae

trains during one or more consecutive days indrivers, warehousemen, and service engineers.
schedule.
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Figure 2 The model of railcar operation process showmaandity-relationship-diagram [2]
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g I— mileage made &t previous carrier ' depending on their impact on rail buses operational
] | _ | | ! | process performance€&igure 5:

. mileage made in analysed company " . . . .

7 1371 o critical failures — which result in rail car

| operational unavailability,

] | * important failures — which require immediate

5 2223 maintenance actions performance,

| e unimportant failures — when maintenance

e B . o
| actions may be postponed in time,
3|2 | |533’3 | | » irrelevant failures — when their influence on
> oy system dependability is negligible.
1] 489 | 5|21,6 | ‘
| | | \ 00 -
0 100 200 300 400 500 GO0

Mileage [tousands of km]

Figure 4.Working time of rail buses defined as a gs=0 "",','.'--"
mileage [9]

Every engine driver should fill in the date, homda .

place of beginning/finishing his work. Moreover, 10 -

some additional information should be taken into = '

account’ Ilke eg a” fallures and Irregl'”arltles o Critical failure IIm|:|0r'tantfa|'\unzI Unimportant I Irrelevant failure :

detected during operational process performance failure

More information can be found in [9]. The collected Type of falures

performed corrective actions (failures) during Figure 5.Distribution of failures types in terms of

research analysis were divided into four groupstheir influence on rail cars operational process
performance [7]
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This classification of corrective actions types wasthe rail bus has to be delivered. This maintenance
based on the expert opinions. inspection regards rail bus closing down. Becatise o
In the analysed research area, there were observdle short operational period of rail buses
589 current corrective actions performance, performance, the inspections of type ML4 and ML5
including 9 (1.5%) maintenance actions without thehave not been executed yet [7].

possibility of corrective actions type identificati Next, the transportation system characteristicsbean
During these 598 maintenance actions performancegbtained. The exemplary transportation system
there are made 863 remedial actions including,ee.g. characteristics are presentedrigures 6—7

damaged item replacement, repair, adjustment, or

inspection. The information about the performed oo 2 B 3 B P B S F P2
corrective action of rail car or its components .
includes eleven different maintenance actions ,f
(Table .

Table 1.Frequency of corrective actions types
occurrence during rail cars operational process ... S AL RN (-
performance

CORRECTIVE FREQUENCY OF S a0 )
ACTIONS TYPE OCCURRENCE z '
Repair 392 L o
Replacement 382 5
Assembly 28 ool T U
Seal action 23 o
Inspection 17 '
Carotid 8 o
Adjustment 7 o5
Gluing 2 '
glghtenlng 2 DI‘I‘IDD 1000 10000 100000
alntlng 1 Mileage [km]
Washing 1

Figure 6.The cumulative distribution function of rail
The failures’ causes were connected with operationabuses time between failures [mileage]
(internal and external) forcing factors, design and

manufacturing errors, or rail cars collisions and 000 § ,F—‘ g 8 3 8 4 8 3 8 o .
vandalism actions occurrence. A
The planned maintenance actions are defined in five :.‘
levels of rail bus maintenance (ML — maintenance o of"
level) [7]: A
* ML1 - regards to control inspection

performance level, T LA T
e ML2 - defines the average periodic inspection

level,
e« ML3 - regards to the average periodic
inspection action with extended range level,
¢ ML4 — defines the revision repair process level,
* ML5 —the main repair process level.

50,0

Unreliability, Fify

10,0
All of the defined by ML maintenance actions are 50
periodically repeated after a fixed work time,

expressed by rail bus mileage, hours of operaton, 104

fixed exploitation time in days, months or years. 0517

Moreover, they form a rail bus maintenance cycle. o i )

The inspections of type ML1 and ML2 are performed 01 10 10,0 100,0 1000,0
in carrier's own repair department and do not Downtime, caused by failures [hi

demands rail bus closing down. However, therigyre 7.The cumulative distribution function of rail
inspection of type ML3 could be performed only in ses repair time [hours]

rail bus manufacturer’s service departments where
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Based on the odometer, which indicated the numbeactions and three ML3-2 actions were performed.
of kilometres being registered on consecutive diays Moreover, there were no performances of
which the damages have been observed, the timmaintenance actions at ML4 and MLS5 levels.
between failures can be calculated. During theThe estimation of downtime caused by corrective
calculations, all corrective actions types wereaction performance was based on expert opinion
included. According to the analysis results, time (Figure 7). Till January 2012, there were no data
between failures may be defined by a log-normalgathered about the time moments of maintenance
distribution function with parameters equal to actions (both  corrective and  preventive)
7.8517 ands equal to 0.9673. High compliance was starting/ending. This problem was solved now by
achieved ap = 0.99 (Fig. 6). The MTBF is equal introducing the new document called Service Report.
4130 kilometres with standard deviation equals toFollowing this, the downtime and maintenance
5107 kilometres. The calculated -coefficient of actions performance times were defined based on the
variation is less than a value 1 (reaches a ldvalia  Repairmen and Maintenance Department Employees

0.86). conversations. The downtime includes e.g. the time

The time between preventive actions performance isiecessary for disassembly, failure identification,

defined in service manual§dble 2. repair/replacement time, assembly, waiting time for
spare parts delivery, waiting for service arrival.

Table 2.Time between preventive maintenance The determination coefficienp (= 0.75) confirmed

actions performance defined in Service Manuals of ' the compatibility of downtime empirical distributio
analysed rail cars with log-normal distribution with parametegs =

TIME BETWEEN MAINTENANCE ACTIONS 0.4750 andr = 0.9376, the confidence level of 95%.

PERFORMANCE FOR THE DEFINED The period of downtime connected with corrective
MAINTENANCE LEVELS* and preventive actions performance is equal to
Maintenance  Mileage Engine | Time 15 180 hours. Average downtime was 2.5 hours with
level (km) hours a standard deviation of 2.96 hours.
ML-1 At evekry N every SveryS It is also worth taking a note that 74% of current
%goo/(? m# 150 ays corrective maintenance actions have been made as an
ML2-1 Atevery 30 | every 1 | every 2 opportunity during preventive maintenance actions
000 km + 000 months performance. Thus, the repair times hover around
10% 0.86 h (that is the minimal downtime for corrective
ML2-2 Atevery 60 | every 2 | every 4 maintenance performance).
000 km = 000 months Maintenance actions of ML1 last on average 2 hours.
10% When the repair actions were performed during
ML2-3 f‘;g\é%rg Km 8\0/((%)ry 4 emvgr:%/hg ML1, this downtime was lengthened by an average
+10% of about 0.86 h_ours. Labogr-consumption of ML1
ML3-1 At every every 7 | at every performance is  approximately 1.4  hours.
210 000 km | 000 1,25 Maintenance actions of ML2 require on average 12
+ 10% years hours. The average maintenance time of ML2-1,
ML3-2 At every every at every ML2-2, and ML2-3 equal 5.3 hours, 5.9 hours, and

400 000 km | 14000 | 2,5years | 6.0 hours, respectively. Moreover, it should be als

+ 10% included the labour-consumption of ML1 (1.4 hours),
ML-4 é‘ggvoeo%l kr%w ;lég;/sery 9 and labour-consumption of current repairs
+10% performance (approximately 0.6 hours), if necessary
ML-5 Atevery 2 | - at every The maintenance actions of ML3 performance result
400 000 km 18 years in longer downtime occurrence. The average
+10% maintenance time of ML3-1 is equal to 326.4 hours
* whichever occurs first with standard deviation equals to 146 hours. The

_ _ _ _ average maintenance time of ML3-2 equals 1136
For the defined research time period, the mean timg,qgurs with standard deviation being equal to 14
between ML-1 actions performance is equal t0 3.2hoyrs, The labour-consumption of ML3-1 actions
days (1304 km and 48.9 eh). The mean time for ML-performance is as 230 hours, and for ML3-2 — is as
2 actions performance equals 75.3 days (30 454 kmg40 hours.
or 1144 eh), respectively. The mean time for ML3-1 aAnother problem regards to economical parameters
is equal to 539 days (212 520 km and 7313 eh), andstimation. For the analysed rail cars, there aye e
for ML3-2 — 1 009 days (427 464 km and 15 107 eh).corrective and preventive maintenance actions’scost
In the analysed time period, only four ML-3-1 gasily obtainable. The mean maintenance costs are
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presented inrable 3 Figure 8 presents the cost of

manpower incurred during the analysed researcl

time.
Following this, the mean downtime cost is defined a
the level of 1 962 PLN. The maintenance costs @re s

high because the rail carrier does not have its owr

service departments. As a result, all the mainteman
activities are performed by manufacturer's service
facilities.

Table 3.Mean costs of preventive and corrective
maintenance actions performance for the analysed
rail cars

14

1]

t\%
EWW

ﬁ
4 i i
=
e
&%
o
- =
e e &rw —
sk |
o i

25 a0 35 40 45
cost of manpower [FLMhour]

Corrective
maintenance costs

Cok

(repairmen costs) Lz

M'\AIIEI\'IA'\I'NE(N:SIECTIIEPE(R:'I('?&I\EI Figure 8.Probability density distribution of
PERFORMANCE (PLN) manpower cost [9)]
MAINTENANCE | Estimated by| Estimated by . . :
LEVEL rail carrier service To sum up, the analysis of rail cars operational
service employees of processes performance gives the possibility toegath
employees rail carriers’ main economical, operational and maintenance data,
manufacturer necessary for LCC analysis carrying out.
ML-1 331.94 Following this, in the next Section, there is preed
ML2-1 3900 11 520 the LCC analysis results for the case study.
ML2-2 3931 15 253
mtgi _3__992 5153 59085 3.3. LCC analysis results
ML3-2 338 526 To implement LCC analysis, there is used cost model
mtg’ 5 288 888 given in Figure 9 This structure results from the
remedial action 1779 chosen ch)jUt data gathzred during operational
Corrective action | 2 521 process and corrective and preventive maintenance
processes performance.
Labour costs (train drvers
and train conductors costs) Cos
Purchasing Purchasing — Costs of diesel
costs Cp costs cr consumption Cde
LCC Labour costs
(tepairmen costs) Cosp
Opil:s:? B Co — M main'ilrsli;;l:edcosts Cop  1—
Operational e:{p]oistia::np:ir::;;i costs ez
and
| maintenance & Unavailability
costs n costs Cug
Labour costs

Figure 9.Cost structure used in LCC analysis of railcafs [9
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Following this, the estimation of operational and where:
maintenance costs was based on the presentegt . time of corrective maintenance action

formulae [9]:
+ Daily operational costsg :

performance [h]
nox - humber of repairmen who perform corrective

maintenance action

o =(Td 62 [, )+ cé“,f)- price of r-th spare parts or r-th exploitation
© . de” o . . 4 os ap Q) material used during corrective maintenance action
+ [(TE hym Dhum)+ (TE oy E3u|<)] performance

where:
T¢ - daily exploitation time (km)
cz,- purchasing price of diesel fuel [PLN/dm3]

nron,t) - number of r-th spare parts or r-th exploitation

material used during corrective maintenance action
performance

There also have been made some additional

z,,- unit consumption of diesel fuel per unit of time
noe, - number of train drivers working daily .
nh.- number of train conductors working daily

0os

C,x - working cost of train drivers per unit of time
[PLN/km] .
cli.- working cost of train conductors per unit of
time [PLN/km]

assumptions, e.g. [9]:

one rail car is operated by one train conductor
and one train driver,

preventive maintenance actions are made by two
repairmen,

the purchase prices for exploitation materials
and spare parts are valid for the whole
replenishment supply time,

manpower cost is monthly constant.

action For more information we recommend reading [9].
Following this, the life cycle costs were estimated
Preventive maintenance costs were estimated for

each type of rail bus separately, due to the differ

e Cost of preventive maintenance
performancgop:
R e (1)
COP:(C(e)P op Bl:r?z)"' ZC(Z)P (e (2
r=1

where:

panoramic
manufacturers. Other exploitation costs such as
operating costs and corrective maintenance costs
were estimated without division for rail buses pe

Due to the fact that the occurred failures had

bus cycle imposed by the raill

cop - time of preventive maintenance action different influence on the vehicle operation prages

performance [h]

nop - Number of repairmen who perform preventive the t
L]

maintenance action

c? - cost of repairmen working time [PLN/h]

cé“,f)- price of r-th spare parts or r-th exploitation

material used during preventive maintenance action
performance *

ng“g) - number of r-th spare parts or r-th exploitation

performance

e Cost of corrective maintenance

C
performance©k;

R
r) (r)
Cox = (8 Eﬁz)+(205"2 i J 3)
=1

116

the corrective maintenance costs were estimated for

hree different groups, namely:

catastrophic failures — first group,

failures that do not cause safety hazards, do not
limit values utility vehicle, and do not require
immediate shutdown of the vehicle of use (non-
catastrophic) — second group,

failures caused by external events (accidents,
vandalism, weather conditions) — third group.

_ _ _ ) ~ Later, there were estimated average costs for each
material used during preventive maintenance aCt'Orbroup and for each time interval.

This gave the

_ possibility to accumulate the average values of the
action cost of the given time periods. The exemplary costs
are presented iRigures 10-12
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2
. : Co = 63989x
3300 . R==10,9987
[
3000 7
8
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=== Upper confidence limit o
2000 linear regression i
1500
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500 ~
0

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
TE [months]

Figure 10.Operational costs of analysed rail buses [9]

Cop [thousands PLN]

10000 O
-
—— 6 Cop= 60,504+ 19257x . °
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sssses geumulated average cop
= = lower confidence limit
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Figure 11.Preventive maintenance costs of rail buses oferhbge [9]
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1
Cok1 —_—2
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0 lg -
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Figure 12.Corrective maintenance costs of analysed raild(fsdures group 1) [9]
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Based on the obtained cost estimations, there ean IFigure 13 shows the life cycle costs for the both
the possibility to define the LCC for both types of types of rail buses.

rail buses used by regional carrier. The costsaibf r LCC analysis showed that the purchase of rail buses
buses purchase come from different moments obf first type is more cost effective than purchgsin
time. In July 2007, the first type of rail buseash the second typed vehicle. Comparative chart showing
been bought. The second typed rail buses have beghe LCC of both types of rail buses is shown in
bought in February 2010. The purchase costs of th&igure 14 The results of the study indicate that LCC
second typed rail vehicles converted into a momenof first typed vehicles is about 0,93-0,98 milliBN

of purchase of rail buses of first type, while the lower compared to the second typed buses. Despite
calculation of future operating costs based onthe much higher vehicle purchase of first typeailf r
undiscounted cost values. Such a procedure iduses, there are achieved significant savings en th
justified, because they were converted to the samereventive maintenance costs - over 3.1 million PLN
time periods before fitting them with the line tden

LCC [min PLM]
40 —
LCC for first type of rail buses
= == lower confidence limit
o upper confidence limit
35 s L s g e iy
LCC for the second type of rail buses
= lower confidence limit
30 upper confidence fimit
25
20
15 -
-
10
s
0

0 12 24 36 48 60 72 B4 96 108 120 132 144 156 168 180 192 204 216 228 240
TE [months]

Figure 13.LCC for analysed types of rail buses [9]

e min 4. Conclusion
» In the available literature in the area of theofy o
. H maintenance and reliability, authors often addtess
S B e — guestion of the relationship between the reliabiit

an object and its economic effects, expresseden th
incurred operating and maintenance costs,. However,
this research analyses are rarely made from therbuy
perspective. Following this, the aim of this worksv
to implement LCC method as a tool that supports
it second type of rail buses rational purchasing/investment decision making
= operationalcosts  w preventive corectve  =weensepie  (buyer at the time moment of technical object
. . purchase will know what are the predicted totalt cos
Figure 14.LCC structure for analysed types of rail gf jig existence).
buses [9] Based on the presented LCC analysis implementation
case, it has been shown that the analysis allows fo
e estimation of operating costs of the assumed
useful life of a technical object,
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e comparative analysis of alternatives (variants}8] Dziaduch, I. (2012). The dependability evaluation
of purchase, of railbuses. Journal of KONBIN Vol. 3(23),
« selection of the object economically viable in ~ 145-156.
terms of the lowest total costs (i.e. the totatcod9] Dziaduch, I. (in prep.)LCC method including
of purchasing and operating costs). technical object reliabilityPhD. thesis. Wroclaw
The presented method is the universal tool and can University of Technology.
be used for each technical object LCC codt0] Fornasiero, R., Zangiacomi, A., Sorlini, M.
prediction. At the same time cost forecasts aredas  (2012). A cost evaluation approach for trucks
on models of time series with trend. Moreover, LCC ~ maintenance planningProduction Planning &
regression curve depends on: Control Vol. 23, No. 2-3, 171-182.
e the category of the ana|yzed LCC and |]|§.1] Hennecke, F.W. (1999) Life CyCle cost of pumps
components, in chemical industryChemical Engineering and
« width of the intervals of operational time, and Processingyol. 38, 511-516. N
- take into account changes in the value of mongy?] |EC ~ 60300-3-3:2004  (2004). Dependability
over time. management — Part 3-3: Application guide — Life
The development of the presented model let  Cycle costing _
managers capture the time variability of technick3] Korpi, E., Ala-Risku, T. (2008). Life cycle
objects life cycle cost which is connected with ~ COSting: a review of published case studies.
technical and economic parameters changes regard to Managerial Auditing JournaV/ol. 23 issue 3, 240

technical and moral use. In the next step of asgthor i . . .
research, there is planned investigation of rasicat4] Life Cycle Costing (1992). Public Competition

reliability characteristics influence on obtainedd|

of life cycle costs.

[15]
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