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Abstract

The paper describes the maintenance process appladaircraft part along periodic maintenanceragiens and/or failure
repairs. This paper deals with the assessment ob RRhdio Frequency IDentification) technology comfition to the
follow-up of aircraft parts. The construction oenulation model and validation of the study arsduhon both experts’
knowledge and data on flight and maintenance ojpaisait Each stage of the maintenance process isladde terms of
time (average times and boundaries) and the trangirobability between stages. The impact of RFdEhnologies in the
overall maintenance process is assessed. The saiof the analysis is the evaluation of differeafrtenance strategies and
a first quantification of the impacts related teranlucing RFID in maintenance processes. It shoaltddipful to support the
decisions on RFID integration. The model could bedu® design a decision support tool for mainteaahesigners and
managers.

Keywords: Maintenance, RFID, Helicopter, Part tragkifProcess modelling

1 Introduction

For a global maintenance process analysis, van@uameters, i.e. the use of human resources, sparks
equipment have to be combined to ensure that ttire elystem is properly modelled. The aim of thaper is not

to model the complete detailed maintenance prodmsssrather to have a first relevant overview. [gta
concerning maintenance are studied and mapped wieeessary, i.e. when RFID (Radio Frequency
IDentification) technologies may play a significaate.

The benefits of RFID integration are assessed aadtdied on the maintenance process through treemdhis

will lead to a global estimation of the process atis. The purpose of the study in this paper entphasize the
benefits in terms of availability improvement angle time reduction. The resulting model could hisig flight

and maintenance policy planners for the identificatof maintenance performance improvements more
thoroughly. The model is aimed at providing an edgeed user, such as a maintenance designer or a
maintenance manager, enough flexibility to considewnide range of scenarios. They can be definedhby
decision maker in accordance with his process.

*

This paper was not presented at any other revueegpmnding author C. JIMENEZ.
Email addresses:charlotte.jimenez@eurocopter.com (Charlotte Jimgnelauzere-peres@emse.fr (Stéphane
Dauzeére-Péreés), christian.feuillebois@eurocoptar.(@hristian Feuilleboisgric.pauly@eurocopter.co(@ric Pauly)




In a first part, the paper introduces the RFID gné¢ion in helicopters. In section 3, the maintexaprocess is
described. The section 4 details the availabiliZks and the improvements due to RFID technolo@estion 5
defines the model and the input parameters. Thatm@salysis is conducted in the Section 6 befarectuding.

2  Context of the study

RFID systems are composed of a label (tag), a readé software feeding data into dedicated IT sgyste
Nowadays, RFID technologies are mostly used irstarg because they enable real-time traceabilifyroflucts.
They represent a major stake for process optinoizati industry.

This study deals with the impact of integrating BRRlechnologies in helicopters (on-board system)IDRF
technology integration on aircrafts (passive orivactags) requires specific development and compéato
aeronautical environment standards. Tags shoultataened so that the influence of temperature @érdtions
will not degrade tag performancesd.Read / Write distances). Harsh conditions andinedfenvironment also
constitute constraints for the electromagnetic warapagation.

RFID technologies allow parts to be identified arsted using dedicated IT systems. Although RFID aféect

a significant number of activities and stakeholdé®ippliers, Final Assembly Line, Global Logistics,
Maintenance...), the study focus is on maintenandesapport processes.

Maintenance is an important part of an aircraét if/cle. Operations and support costs approximasgesent
60% of the helicopter life cycle expenses [4]. Mairance operations in aeronautics ensure the faircra
performance, its availability and airworthiness. R¥FID data collection system will support a comglet
maintenance (preventive or corrective) follow-upafts [3].

In the aeronautical context, RFID tags will be ats#ed to aircraft parts to identify and follow theluring their
life cycle [3]. Real-time identification of aircitgparts is a challenge, as aircraft configuraticimange depending
on missions and maintenance operations. Part fallpwidentification and usage) is currently mostigne
through paper documents. The RFID system will adoeomputerized follow-up and update of informatjpart
identification and maintenance data), thus redudinman errors. The associated IT system will preaah
accurate real time status of assets that are subjewintenance operations.

The general benefits provided by RFID technologiesaintenance processes can be summarized agdollo

« Easier and faster acces® product configuration,

e Inventory control improvement,

« Better maintenance task planning and anticipat&gnifll reduceintervention time and improveaircraft
availability,

« Improvement of maintenance tasks (Localization of parts, avoahual capture of data, form filling, ...),

« Post-task checkingcan also be assisted through RFID technologies.

These benefits will be emphasized in our detailedlys of critical maintenance processes. The aproac
proposed in this paper is similar to the one dbscrin [12].

3 Helicopter maintenance processes

3.1 Overview

In order to better understand at which level tetdgies can influence maintenance processes (imprents and
modifications), characterization and assessmentuofent maintenance processes have been carriedtout
Eurocopter shops.

Helicopters are regularly maintained to keep thqrarational, airworthy and to minimize failures. Baonly
submitted to corrective maintenance are justifidtbnvfailure costs are low and when safety condtaine
weak. The aircraft manufacturer specifies the neamiance periods of an aircraft in terms of accuradldlight
hours. The periods sometimes have a tolerancedyexitich leaves a possibility to schedule the nesiahce to
some extent. Moreover, maintenance periods aretsop®eadjusted in specific casesy.for customers that use



their helicopters in hard operational conditionsa(scold,etc). That allows variability in the time between
maintenance operations. This is not allowed fdioali parts.

Despite preventive maintenance, aircraft systemmsire subject to random failures that prevent flighérations.
Helicopter maintenance relies upon a complex sysbemed on safety assurance, tests and continuous
improvement. It is divided into three interventitevels (increasingly specialized) which can takecpl at
customer premises, at supplier OEM (Original EqupmManufacturer) or at rotorcraft OEM/subsidiaries
premises. This implies numerous interactions betvardities for stock level issues, team availap#ihd parts
under repair which have to be delivered. Suppantreats usually include Turn Around Time (TAT) ctrafmts

and delay penalties.

3.2 Detailed presentation of maintenance operations

This part details the studied process flow. Dedidatircrafts are chosen for flight operations ef day. A pre-
flight check is carried out before the first flight the day. After the pre-flight inspections, thiecraft waits on
the airfield until it departs for the flight missio The flight missions usually follow a predefinpthn and
schedule with a specific time of flight. A fligheport is generated after each flight by the piB#tween flights,
the aircraft undergoes turnaround inspections @pdenishments. Maintenance of this type is refetmeds
everyday maintenance. If failures are not found, ahcraft is ready for a new flight mission. Aetend of the
day, the operational aircraft is returned backhangar.

The assumption is made that the operation is ugirf@VMS system. After this step, maintenance da¢a ar
gathered at the CMMS (Computerized Maintenance lgament System). This system insures the airworggine
of the aircraft by gathering pilot reports. It geates the Work Orders (WO) concerning the mainte@ao
perform in due time. The work order can concerrv@néve and corrective maintenance. The CMMS masage
all maintenance operations that are required. TRMES elaborates the aircraft maintenance accordinthé
mission constraints and maintenance shop congrgee Fig. 1).
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Fig. 1. CMMS process detailed

The WO sends the part to be maintained at the nigtimtenance shop. In practice, the allocatiorasks is done
at different levels according to the task compigxite part type (avionics, mechanics, etc.) bs &lased on the
availability of resources. Aircraft requiring maéniance are directly transferred to appropriate teaamce



facilities. However, according to what is discovkst each level, a transfer to the higher level ayecessary
(see Fig. 2 and Fig. 3).

Periodic maintenance constitutes a major part bfraintenance operations. Based on historical ¢tata
customers and the experience at Eurocopter, prigeentaintenance happens on average three times when
corrective maintenance only happens once. The émxuof periodic maintenance is based on cumulasede
hours of the aircraft and is given by the MSM (MasBervicing Manual). According to the variabiliy the
maintenance operations, the workload of repair shagies. Regular maintenance operations are plaand
scheduled in advance to balance the maintenande iwall the maintenance levels [10]. AdditionalntEges

can be identified when preventive maintenance iopmed which implies a higher level of maintenance
Besides planned maintenance tasks, possible compdatires are preliminary analysed during turnea
inspections. Aircrafts that are not Mission Capake assigned and sent to an appropriate repdityfac

A schematic view of the flight and maintenance psscis shown in Fig. 2. with the different level of
maintenance shops. The levels ensure the contifliged integrity and safety of airframes and rethtiight
systems throughout their service lives.
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Fig. 2. Overview of the maintenance process [10]

Turnaround and pre-flight inspections, some pecadaintenance as well as minor failure or damagaire are
conducted at the O-level. It is generally referadtheOrganizational or Operational level The model
considers an arrival time at the O-level shop. Hnigval time is a random variable. The O-level manance is
most of the time performed at the operator site gpically involves simple repairs or the replacemef

modular components concerning both preventive ancective maintenance. This level requires a syesibck

which is not always available. The replenishmentds needed at every maintenance action. We camesidan
availability of 85% for a part submitted to preveatmaintenance. The spare part waiting time iscaged to
the remaining 15% [6]. For corrective maintenarthe,availability of parts is lower and the replémmnt time
remains the same. The total time of O-level maimee is determined according to the effective reagmce
realization and the waiting time for replenishment.

Sometimes, the customer has separate aircraftrrepaps that are located in the airbases. Thessar reipops
handle more elaborate periodic maintenance andréaiepairs. They are referred tolatermediate level (I-

level). The I-level maintenance involves more difft repairs and maintenance, including the repait the
testing of modules that cannot be realised at thevel. At this step, the process modelled is \&@milar to the
one described at the O-level. An assumption is donthe probability of transition between the Odleand the
I-level. Then, the time of arrival to the I-levelamtenance shop is estimated. The total maintenaimee is
evaluated with both the maintenance execution &intkthe replenishment time (when necessary).

The most elaborate maintenance tasks take pldgept-level(D-level) repair shops. This involves performing
maintenance beyond the capabilities of the loweel& usually on equipment requiring major overhaul
rebuilding of end items, subassemblies, and patis level is most of the time realized at the OBMmises
except in exceptional cases. The D-level is sepdratcording to preventive and corrective mainteador
both mechanic and avionic parts. However, the ctisre maintenance implies an irregular workload fiwan



power. The task is not always anticipated due tergamcy caused by the unplanned maintenance. Tdre sp
parts are also ordered on a case by case bas@muvithy planned replenishment.

The process flows in Fig. 3 and Fig. 4 show in ndetail the maintenance process.
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4  Impact of RFID technologies on availability

The above process (Fig. 3 and Fig. 4) was used bhase for identifying potential benefits using RFI
technologies. A first analysis was performed op@e@sentative performance indicator in aeronadufibs. Direct
Maintenance Cost (DMC) is widely used by OEMs amerators for benchmarking. The study showed that
RFID technologies can improve the DMC by 4 to 5% B&suming a global RFID integration in mainter&anc
processes [9]. The Direct Maintenance Cost is d kvelwn cost indicator and is one of the most intpotr



indicators in aeronautics. This paper analyseshanoimportant element for aircraft operators: theraft
availability.

Aircraft availability is defined as the fraction bfission Capable (MC) time to the total amount tif@g This

notion is used as the primary measure of performdnc aircraft operators. A number of other aeraoalt
indicators can be monitored and help to analyzaafirperformances. However, the availability imajor stake
for aircraft operators, which has been widely stddh the literature. When a fault / a problendisnitified on an
aircraft, the No Trouble Found (NTF) action resiitsa Non Mission Capable (NMC) status if the itén
considered to be mission essential which meansthigaaircraft cannot fly. The availability indicatoombines
failure frequency with repair efficiency, and thasiependent on reliability, maintainability, angpply process.
For example, if a part needed to repair a failethpanent is not available, then the resulting laggsbr supply
time adds to the down time, over and above the tieezled to replace the component once availabkreldre,
component or subsystem repair times alone are ufitisnt to model down time due to failure of them,

supply times must be considered. Scheduled main¢enactivities on aircraft also affect the NMC gsatAs

long as the aircraft remains under maintenancesstitis recorded as NMC over the unavailablequkri

Kang etal. [8] developped some strategies for reducing repaile times (and as a consequence improve aircraft
availability) in naval aviation depots. They presarscenario model, which primarily concentrateshanrepair

of aircraft components that are critical to readsdue to short supply. In [11] and [2], the avality of fleets

of aircrafts and helicopters, respectively, are efled. Both of these papers consider battlefieldrafions. In

our case, only the civil fleet of medium size ofi¢mpters is considered.

Balaban efal. [1] worked on a simulation model designed to eatenthe MCR (Mission Capable Rates) for
different military aircraft modernization schemeshie implemented. In this paper, the threshold &tnthe
availability requirement is based on an expecteth Tate due to new aircraft configurations. Miss@apable
Rate less than 75% equates to a high-risk assesamarbattlefield context. A simulation approacistbeen
used in estimating the availability of operatioaatraft under war situations.

Virtanen and Raivio [13] presented a discrete-eg@ntilation model for maintenance operations afgiysan
uncertain operational environment. It provides ¢ffect of maintenance policies on the overall penfance of
the aircraft fleet. A study is presented in [2],emdn a simulation model was used in the analysth@ftombat
maintenance operations of a helicopter fleet. B1,[& discrete event simulation model for the opiens of a
fleet of aircrafts during their peacetime use isstonucted. The model describes the accumulatiaheflight
hours, failure occurrence, regular maintenancefaitdre repairs. Model input is based on real atfid data
collected.

The referenced articles show that assessing dimvaflability is well represented in the literaguin our study,

we apply the same kind of methodology to our sjecifise. To our knowledge, no previous researchhbes
performed on modelling and analysing the impactses¥ communicating technologies such as RFID arrafir
availability. The reference studies were focusing arcraft changes or process improvements. No new
technology introduction was assessed so far.

5 A simulation model of the impacts of RFID technologs on maintenance processes

5.1 Objectives

The goal of each aircraft operator is to achiewehighest possible level of readiness, commonlyesged as
operational availability, Ao = uptime / (uptime ®wintime) = MTBM / (MTBM + MDT); where MTBM is the
Mean Time Between Maintenance, and MDT is the Maiahce Down Time, which includes repair time,
administrative and logistics times. Operationalilatdlity can thus be improved by increasing MTBMe(,
increasing reliability) or decreasing MDT (i.e.dteing repair time or logistics time).

Reducing cycle time in the logistics channel (reghEpots, intermediate-level maintenance, inventamtrol
points, and supply centres) means that more spaecavailable and so more global aircraft availghiSome
papers aim at shortening the cycle time in the teaance process [13]. In our case, the reducti@yde time
is provided through the introduction of RFID teclogies. At the supply level, it will reduce replehiment
waiting time (anticipation of spare part needs) amgbrove stock level accuracy through improved data
reliability. Maintenance execution will be moreieint thanks to a better follow-up of parts, lacatof parts,



accurate information, and reduction of paper forife workload schedule can be optimized, which edd to
the reduction of overloads. The RFID will considdyareduce or remove these problems and thus reciae
times.

5.2 Model description and parameters

In the model, the maintenance operations at O-léstelel and Depot-level are characterized bydheation of
the maintenance, the supply impact, and the manpaveglability for the maintenance operation. Fondicity,
the maintenance personnel are assumed to have kosmgs skills. The duration of maintenance is éefias
the amount of total man-hours needed to perforim ithe model, time periods are considered. Accaydo the
minimum and maximum values of each period, a randariable generates a time value for each instafvee.
consider 420 instances with random variables umifpigenerated in the periods. This large numbensthnces
is necessary to ensure global stability.

Flight operations are modelled to follow the averagily cycle as described earlier. Instead ofgipiredefined
flight mission schedules, missions are stocha$figgnerated with an average number of flight missiper day.
The flight mission itself is modelled as a randdight time. These simplifications are justified,caeise the
primary interest in a flight mission is just thecamulation of flight hours [10]. For the maintenarrocess at
Eurocopter, we first considered real data comirmmgnfrithe D-level. The D-level process can be detailed
follows. After a transition time to the D-level (smitted to a certain probability), the part undeimtenance is
filtered after reception. The conformity betweea ffart (or the assembly) and the paper form iskatkAA first
technical expertise is performed at this step. flihe of filtering varies a lot. Sometimes therengs conformity
at all, the paper form is not fully informed or there some human errors. Return from the custoaretead to
a long queue time (several months). It can alsudpg fast if the conformity is respected at theepdmon of the
part. The workload is then anticipated, the paptereishment is planned and the task force fores&emaiting
time for resource worker availability is added e iodel for some exceeding load consideration.aslsembly
is dismantled, cleaned, and the paint is removedttiese steps, the time spent is not varying adotuse it is
common for workers. A global expertise of each @didws an estimate to be generated. Then the rrepdl
overhaul is performed: Parts are changed, repaitezh necessary (with sometimes a replenishmen) tame
the documentation form is filled out. Finally, tlieassembly is performed just before final test #mel
maintenance report generation.

The results showed a large dispersion coming frieenrandomization of data. We reduced the time pegip
each stage to limit this dispersion. Results preeskein this paper use these new data. Howeverglibigal

behaviour and average values globally remain thees&s mentioned before, this work aims at a ésttmation
of the impacts of RFID integration on availabilior instance, the filtering time at D-level shaually spreads
from 12h to 1440h, the later only in case of impnttproblems that do not occur frequently. The eangs then
reduced to [12h, 100h] because most filtering domatare short. One of our perspectives consissdudying

probability distributions that model times in a moealistic way.

Maintenance resources, like spare parts, are aslstimbe sometimes unavailable with a certain peacgn
within an associated supply time. Assumptions ointeaance resources, stocks, and time of replemishare
based on real data provided by maintenance shapsprEventive maintenance, we observed that thestiat
each stage are smaller than for corrective maintmadt is assumed that a repaired component becanias
good as new” component through the repair procHsscefore, “Time Between Failure” and “Time To kiad”

are the same. The values for maintenance time aptnishment time also depend on the type of parts
(mechanical or avionic). Thus, the net durationdorincoming maintenance task is a function ofatecated
maintenance manpower, the potential replenishmiem¢ &nd the expected maintenance duration (possible
transfer between maintenance levels) [6].

5.3 Scenarios for RFID integration

As the characteristics of the model are adjustabéelarge extent, it can describe normal operatith suitably
chosen values of input parameters. As an examplgos$ible applications of the model, a scenarit \he
introduction of RFID technologies in maintenancegasses is presented. We study how the changé® in t
maintenance policy affect fleet performance andifipally aircraft availability. Several scenariase presented
below.

Sensitivity analyses were conducted to find out hregponses of the current model are affected byingr
important input parameters and to evaluate thenextewhich these results affect the model outBemsitivity



analysis with respect to the most important modekmeters, like the average duration of the maames
operations and the manpower capacities of the rdaailities, is carried out. Besides the actualdelouse,
sensitivity analysis provides information on thewacy with which the input parameters have todtenated.

First, we consider the global concept of RFID idtrotion in aircrafts (tags, reading modules andaDat
Concentrator Unit embedded), callédll RFID in this paper. We independently assess the impacttock
availability and replenishment time, O-level impeovent, I-level improvement, and D-level improvemdtar
each of these impacts, we made several hypoth&sesconfidentiality reasons, we cannot provide [zec
benefits due to RFID, and we only use a range phitts. The stock impact is based on 5, 10, 15 aftl @n
stock and resources availabilities, and on watitimg of spares. The O-level (and I-level) gain sgiefrom 5 to
20% on the transit time and on the maintenance éxaeution. For the D-level, it is slightly differe since we
have more details on this process. It was wellngefibecause the access to data of this mainteferetés easy
whereas, for the O-level and I-level, it often happ at the customer premises. That is why suchniaftion is
not available. We consider a fixed gain on theeffiitg time and on material research. Through aotreleic
documentation, these two steps can be reduced &Hetfiltering time is nearly divided by two arttetmaterial
research is divided by a factor of ten. For othtageas, like transit time, documentation time, etipertime,
repair transit time, repair time, reverse from iepransit time, reassembling time, report timeg taAnge is still
between 5 and 20%.

Secondly, we consider the simple concept of RFtibauction, calledPartial RFID . In this scenario, only tags
will be fixed on parts without any update in reiah¢ of tag information (usage data). In this sectawdl of
RFID integration, the benefits are not the same.dtacks, the knowledge in advance of part stafilshat be
given soon enough. Thus, the range of gain cormider 2.5, 5, 7.5, and 10%. At the O-level andvklethe
values of improvements remain the same. Impacth@nransit time between shops and maintenancaiganc
have the same improvement assuming that data itathare the same as for the Full RFID scenariahAtD-
level, we also take the same benefits as for theRRID scenario. The only characteristic that does change
with the RFID introduction is the filtering timendeed, even if data are electronic, lacks and ®oould exist in
the Partial RFID solution.

6  Computational analysis

First, we plotted the availability for each of tfoair impacts that are considered (stock, O-levégyél and D-

level). For the stock level, the availability impagpreads from 0.4% to 1.5% (for global savingstoa&

maintenance cycle time between 5% and 20%). Thiahitity of the results is very small, and is expkd by

the fact that stock values in the model are noteored by random values. For the O-level and IHevéuge

variability in the results can be noticed. It ipkined by the fact that the impact is small (aggblio small parts
of the corresponding process) and the process ihamughly analyzed so far. Indeed, we need rdetails on

these processes to define potential improvementswncustomers operate. For the D-level, the imjzaqgtite

large. This process was analysed in detail angdiential impacts were validated by specialiste @hailability

impact varies from 2% to 5%.

We also considered the gain on maintenance cyele through RFID introduction. The maintenance cycle
includes the repair time for each part. This imgacagain very large for the D-level shop. Thiselelhias an
impact on maintenance cycle time between 8 and 28¥&ccombine both availability and maintenance ctiohe

in Fig. 5 and Fig. 6. The savings plotted on thexis represent the cycle time reduction relatestoéck impact
(Fig. 5) or D-level impact (Fig. 6). The y-axis st®the improvements on the global availability leé @ircraft.
The results correspond to the average values ofi2esimulated instances. These graphs represeRRFED
impact on the two most important processes. ltdarcthat RFID technologies impact maintenance gsses
very much. Although data quality could be improvedetter fit reality, these results give a goodidation of
what could be gained with RFID technologies.



45 - o
£ 3.5 A -"'-'
S 3 e
225 A > 5%
B 2 pe-eeoeeeoeeoeeooeeoes D TRREt £ o10%
BLE T § » 15%
>
< 1- % ? + 20%
05+ m Average
0
0 1 2 3 4 5 6 7
Stock impact on the gain on maintenance cycle éfe(
Fig. 5. Stock Impact for Full RFID
14+
12 +
< 10 .
~ e DA - - e
% A +-+
> 8- AAA ¢+
£ w > [e5%
—_— 6 _ A A
E <><> O%%D A o 10%
S 4+ N T & 15%
< + 20%
27 m Average
O I 1
0 5 10 15 20 25

D-level impact on the gain on maintenance cycle (¥)

Fig. 6. D-level Impact for Full RFID

For partial RFID integration, the impact remaine 8ame for the O-level and the I-level. However,again
represent the stock impact and the D-level impadtig. 7 and Fig. 8. These two levels are impatigdhe
reduction via RFID technologies in a partial salatiWe see that the degradation in the RFID impadboard

leads to a reduction on availability and on maiatere cycle time.
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7  Conclusion and perspectives

The primary objective of the simulation model praed in this paper is to gain insights into theeefffon
maintenance of introducing RFID technologies. Thedet includes the essential features of flight and
maintenance operations, and provides a quantitaggessment and potential improvements on the enainte
system. The introduction of RFID technologies digantly impacts aircraft availability and mainterca work

efficiency (D-level cycle time).

The implementation of maintenance models requietailéd, accurate information on maintenance psEes
However, the data used in the model presenteddrptper could be improved to better fit dedicatidations.
The next step will be to consider appropriate pbiliig distributions (such as the gamma distribatifor



instance) for data instead of the uniform distiitmut More details on O-level and I-level processesld lead to
a better impact assessment through the introductidRFID technologies. This requires a thoroughlyasis of
actual customer processes. Finally, a dynamic sitiul model can also be built to estimate the &ftéche
assumptions more accurately.
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