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ABSTRACT the vehicle and efficient maintenance planning mering
i . ) logistic delay and other constraints related topsughain.
Aircraft readiness management plays pivotal role foTne Ajrcraft Readiness Management process can be

aviation authorities to enhance mission availafilit sypdivided into Maintenance Planning & Management,
reliability and reduce maintenance cost. This hesnbthe  Resource Planning & management & Supply Chain.
focus area of the industry for many years now. Haper

focuses on deveioping an approach for maximizing thThe effective management of Operations of aircaaftoss
aircraft readiness based on the Aircraft Healtheasment fleet, squadron and enterprise levels for an owgsion
and a novel approach for Maintenance Planning. Afighly depends upon the availability of a maturquetion
integrated solution using results from Prognostiealth ~ Support System. The Operation Support Systemgheine
Management (PHM) functions has been proposed. Th@ff-board ISHM module, generally provides groungjsort
concept is based on the condition based missiomisig, services through Mission Planning and Readiness
operational risk assessment, maintenance plannimgj a Management of air vehicle.

supply chain management. Also an insight is praviohto
the systematic approach to derive maintenanceegiat
leading towards certification. Although, the sabutican be
used for both commercial and military aviation, fbeus in

this paper is on implementation for military platfts. ity the planned configuration. ISHM enables to vide

Details on implementation are discussed in bried &@m® iteqrated solution of these functions for efficiamd cost
results of this implementation on some hypotheticalfective readiness management.

scenarios are presented. The results outline fheteeness

Most of the air forces or airlines use disjointIfofor the
sub-processes. This may lead to non-feasible nmigsins,
more maintenance time and introduces delays and
operational overheads in identifying the suitablecraft

of the approaches in improving the aircraft reaskne Intelligent maintenance planner has an optimizatiwodel
for appropriate clustering of maintenance taskso int
1. INTRODUCTION maintenance events. This model, which synchroniziés

) ] ] - resource planning and mission planning, enhancesiom
Aircraft Readiness is a related measure of thelahitty  gyajlability, fleet maintainability and operationatost

and is a metric predominantly used for militaryaidn.  saying. Intelligent maintenance planner augments th
Readiness includes operational downtime, free tanel  conyentional Reliability Centered Maintenance (RCM)
storage time. Aircraft Readiness covers a broadebrocess (Preventive, Reactive, etc) with ConditResed

perspective than just availability of an aircraftcomplete  Maintenance (CBM) to generate an optimized mainteea
availability of the operational systems with thepgarting  pjan,

staff, resources and infrastructure necessary fog t ) )
operations is a measure of the readiness. Ovematiimess The novelty of this work includes method to create
of an air vehicle is a joint product of capabiligsessment Maintenance database from certifiable RCM decifigrc,

of planned missions based on present and futurkhhet ~handling strategic importance of planned missicasel on
mission types, providing flexibility in selection f o

Adhikari et al. This is an opemecess article distributed under the te optimization modes (availability alone and availipi
of the Creative Commons Attributich0 United States License, wh along with cost). This also includes a simplifigopeoach

permits unrestricted usdijstribution, and reproduction in any medii . . ] -
provided the original author and source are crel for accommodating resource constraints in ordeprtwvide
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an integrated solution. Simulation results of tlwution  year and this results to generate Aircraft Utiiizat
integrated in ISHM Simulation Framework of Airbus Scenario. Preventive maintenance requirements with
Defence & Space illustrate the convincing perforoganf  different frequencies are identified to predict mahance
the algorithm and help in taking decision on fuoéil  scenario for each aircraft based on predicted udage
architecture of off-board ISHM (Mathias Buderath, complete year. Then resource requirement for ptexen
Adhikari P. P., 2012). maintenance scenario are identified date-wise fonplete
year.
2. CONCEPT OF INTEGRATED SOLUTION OF READINESS

Readiness management is a short term planning (1-3
MANAGEMENT

months) of maintenance events and resources recalivag
Planning for aircraft readiness generally is donetwo  with associated managements based on health assgssm
phases, namely Long-term, Short-term. However, somwhich analyzes results from diagnostics, prognestic
operator prefers to implement also “Medium Term”inspections and assesses operational capabiléiehft for
(Muchiri  Anthony K., 2002). In order to synchraai planned mission. Mission Planner receives infoiomat
aircraft utilization and aircraft maintenance, aosd from Readiness management on readily availableadisc
relationship is maintained between air force headrtgr for operational planning.
and squadron for military operation; the Commercial
Planning Department and Maintenance Planning & 8Supp
Departments for civil aviation. Long term plannirigput
for which is driven by Commercial Planning Departine
(for civil) or Air force Headquarter (for militaryronsists of
the following functions:

Reliability Centered Maintenance (RCM) provides
maintenance strategy mapping maintenance type and
redesign decision with each fault and PM task tetai
(recommended schedule, Max FH, cycles, calendas, dat
etc) to Readiness Management. RCM is a well-stradfu
logical decision process used to identify the pedimeeded

«  Flying Hours Programs (FHP) to manage failure modes that could cause the fumati

. . . failure of any physical item in a given operatingsario.

» Aircraft Utilization Scenario

« Maintenance Scenario 3. FRAMEWORK TO DERIVE MAINTENANCE STRATEGY

. Resource Requirement Scenario The_re are at least six key fag:tqrs required forrmaiance to
achieve its purpose of optimizing operating perfance.
Flying Hours Programs (FHP) by Air force Headquarte These are to reduce operating risk, avoid airdaiftres,
determines the number of total yearly flying hotrorder  provide reliable equipment, achieve least operatiosts,
to ensure combat readiness and training requireofeAtr eliminate defects in operational aircraft and maxzem
Force (Philip Y Cho, 2011). Each squadron specifiey  availability. These purposes are determined byettPls:
sortie requirements and assigns to each aircraftdmplete  enhancement in mission availability, reliability dan

Flying Hours Programs (FHP)

vearly demand of A/Cs

Aircraft Utilization Scenario

prediction of usage of aircrafts

Reliability Centered Maintenance

Maintenance Scenario = E

i PMtask details, (RCM)‘
| Maintenance
prediction of PM schedules : Strategy

Resource Requirement

PM task details,

= - i Maint
Resource Requirement Scenario - St s

Long Term Planning: A/C Utilization &

prediction of Resource
Requirement schedules

H Ith
£2 Health Assessment

Yalidity status, resource constraints

Maintenance Plan, Validity Request
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eonTe Resource Planning & Management
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Figure 1. Functional Block Diagram of Aircraft Réaekss Management
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reduction of maintenance cost. Suitable maintenancemadmaps. Efforts are allocated to RCM analysisigeand
strategies are selected during design stage toiderahe  analysis of algorithm for diagnostics, prognostisensor
required values of the KPIs. However, maintenaticdeyyy  selection and other enablers related to off-bo&tdM. This
may get changed based on periodic evaluation oélso includes enhancing the performance of ISHNeims
maintenance effectiveness and risk assessment gdurif increased accuracy, reduced weight, improvedbitity,
operation phase. advanced communication and efficient data transfer.
echnology gaps and risks are identified and effate
llocated to fill the gaps and to mitigate the sidRuring the
maturation phase, the potential benefits and geditSHM
are re-assessed and validation evidence is gatliereagh
component rigs, integrated simulation framework, &the
Figure 3 details the activities during conceptmefnent and
technology development phases.

Maintenance Strategy aims to map all fault modes &
individual and LRU levels to different maintenance
categories: PM (S-Servicing, L-Lubrication, OC-Sthied
On-condition, HT-Hard Time and FF-Failure Finding
Inspection), CBM, Run-to-Fail and other actions sisting
of redesign, change in operation or maintenanceeghare
or restriction in operation. Optimized maintenastetegy

is also derived at component/LRU level. RCM analysis is the foundation to establish a fraomk for

Maintenance credits are acquired when an ISHM syst&n  candidate selection. The Figure 2 depicts the |dgic
replace the existing industry standard maintendiocea  deciding maintenance strategy for a LRU. The predos
given component or complete aircraft system and thidecision logic is based on existing guidelines: SKE011,
enhances availability, maintainability and missionSAE JA1012, NAVAIR 00-25-403 and ATA MSG-3 with
capabilities of aircraft. To reach this level, ewn of suitable modification. After fault consequence dhec
ISHM development has to pass through effective ggedor maintenance options for each fault type of a LR& siiort
technology  maturation,  development, verification, listed based on technical feasibility only. Codeefiveness
validation, qualification and finally certification and risk are computed for each selected optioheffault
type. Best maintenance option or combinations dfoop
are selected for LRU by solving optimization prahle
which maximizes availability, ROI of selected optiand
minimizes risk at the LRU level.

After determination of the potential functionalitgnd
benefits of ISHM, technology maturation efforts are
initiated. The maturation efforts are often perfedn
through technology development guided by approgriat

FMECA fora LRU

Technical & Risk Feasibility criteria for CEM

Is failure mode observable through condition
monitoring?

Are State-of-the-artdiagnostics & prognostics
methods for failures available?

Select a fault

Selected fault

count <= Total fault Are already available sensors support for condition
count monitoring?

Is installation ofadditional sensors feasible?

Shortlist maintenance types: CBM,PM (S, L, OC, HT &
FF), RTF & “OtherAction”basedon
Failure Consequences

Note:

+ Forfault having Safety / Environmental / Operational
consequences, Run-to-Fail (RTF)is not applicable

* Forevident fault, Failure Finding (FF) inspection is not
applicable

Shortlist maintenance types basedon
Technical Feasibility

Perform criticality & risk assessment. Shortlist
maintenance types based on Risk Feasibility.

Selectbestmaintenance option/combination of options
for sub-system /LRU based on
Cost & Availability Optimization

Are KPIs related to diagnostics and prognostics
acceptable?

Does the task reduce the risk to an acceptable level?

Is maintenance creditjustification in place?

Common Technical & Risk Feasibility criteria for

any PM task (except scheduled on-condition)

Failure rate pattern type is of Bathtub or Traditional
Wear-out

Is any PM task physically capable ofbeing performed?
Does the task reduce the risk to an acceptable level?

+ Technicalandrisk feasibility criteria are
determinedforeach maintenance type

* Risk assessmentis done using Hazard Risk Table

Figure 2. RCM Decision Logic for Maintenance Stpt
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Preparation of ISHM Requirement in High Level

Selection of Aircraft/Platform for Technology Demonstration

ISHM Strategy

Define Operational & Support Architecture with ISHM

Technology Development Outline

Cost Benefit Analysis

Define System & construct Equipment Tree

Reliability & Criticality Analysis

Maintenance Strategy / Candidate Selection

Determine state-of-the-art enablers (viz. monitoring method)
forISH

Selection of Sensors & Sensor Locations

¢
g
§

Detailed requirement, design and
Implementation of functions/components

Development of component rigs, integrated ISHM
Simulation Framework

28

Figure 3. Guideline for technology development &
maturation
4. M AINTENANCE PLANNING MECHANIZATION

Operations in commercial airline are more costitigasand
hence it is no surprise that major focus of the kwon

maintenance planner has been on airline scheduling.

Significant differences in the military and civillight
operations make most of the existing work not diyec
applicable to military aviation, but can be a gadrting
point. The basic difference in civil and militaryiation is
that the civil aviation is highly focused on rowgelection
and assignments with profitability and cost savitging
the major goal. On the other hand, the goal foritamy
aviation is a high level of combat readiness witktdeing
relatively less significant factor. Also, since tlighter
squadrons are usually fixed at a given locatioadiress
does not involve any decisions regarding routesiceehe
objective here is to define a maintenance schetthaliewill
minimize the downtime thereby ensuring most effecti
utilization of the system with applicable consttaimat the

for finding optimal opportunistic maintenance schied for
systems, in which components are assigned maximum
replacement intervals. The work is extended for ete
aircraft having heterogeneous maintenance types-{®u
fail, Preventive, Condition Based Maintenance) glavith

the unique features as mentioned in the introdoctio

The following figure summarizes key steps for mamance

=1
)
)
=
=]

Q

Calculate/Receive Requested dates of maintenance tasks

Calculate factors related to availability, maintenance cost for
objective function

Calculate constraints related to non-reusable resource and
miscellaneous constraints

Compute maintenance event schedule optimizing objective
function subjected to computed constraints

Compute maintenance event duration and resource required
schedule using CPM (critical path method)

Validate resource availability (particularly, for reusable
resources like labors, tools) of scheduled maintenance plan

If resource validity fails, go to step 4 with additional resource
constraints

Figure 4. Key Steps for Maintenance Planning

4.1. Mathematical modelsfor optimization

The proposed Maintenance Planner supports thewfnltp
two modes of optimizations

Availability Optimization
e Availability & Cost Optimization

Let us consider there affld’ maintenance tasks and a finite

maintenance time horizon (in terms of day/slot) is

discretised intdT’ time steps. The optimization problem for

all three modes can be represented as following.
T i=N

Minimize (X,Z): Z Z Cc., X, +D,Z
t=1 i=1

1)

Subjected to: The constraints related to due dates of
maintenance, associated thresholds, minimum gapeeet
two consecutive maintenances, exclusivity of taskesl
resource availability, etc are mentioned bellow.

lowest possible costs. In other words enhancing théyhere

availability leading to combat readiness is achietreough
advanced maintenance planning and management.

Maintenance-scheduling is not limited to aviatiowlustry
and the benefits are evident in various industresl
substantial effort has been put into this over et few
years by various researchers, prominent among #vem

power plants (Canto, 2008; Doyle, 2004; Damien let a

2007); aircrafts and -engines (Almgren et al., 2088 ac et
al., 2006); production planning (Panagiotidou aragjdras,
2007). Almgren et al. (2008) presents mathematiwadiels

Ci: | Weight factor of each design variable in terms of
maintenance cost or over maintenance time/effort
related to maintenance taskat day/slott’
Weight factor of each design variable in terms of
unavailability and or maintenance site cost eslat
to possible maintenance event starting at dayslc
Sets to'l’ if maintenance task' is requested at
day/slot't’, otherwise it sets t@’

Z, Sets to'l’ if the resultant maintenance event for

occurs starts at day/sldt, otherwise it sets t®’

D,

—

Xit

alc

N
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The following table defines objective parametefs;( &
‘D) in three different modes.

Table 1. Definition of Weight factors

For reactive maintenance of non-critical item, apyistic
maintenance threshold = - Threshold, i.e. Next teai@nce
event will include this task. For only CBM candidat
maintenance threshold is non zero.

Optimization Cit Dy For preventive maintenance (Calendar based), gapeba
Mode two maintenance dates scheduled should be such that
Availability wl*(Over w2*(Mission number of days should be less than maximum numtfers
Optimization | maintenance Time)| Unavailability) days specified Ti') for the item.
. for each taski] & for probable I+Ti
each day/slot t] | maintenance Z X, 21, | = 0,..., T =i ()
within maintenance event starting af t=l+1
horizon day/slot €) within
maintenance If a maintenance event is scheduled, at least one
horizon maintenance task will be accomplished.
Availability & wi*(Individual W3*(Coit o_f S_|te) X, <Z,,
Cost Maintenance Cost *  war(Mission i (4)
Optimization " Unavailability) '_D {1’2"_'"' N}e to{12,... T}
+ w2*(Over For exclusives maintenance tasks, two sets canbeot
maintenance Cost) for probable| included in same maintenance event.
: for each taskif & | maintenance YreaXae + Xpe) <1 )5
each day/slot t] | event starting at
within maintenance day/slot (t) within| Where,
horizon maintenance
horizon dq = [(trda = tomtn): trga] N [(tids = tomen): trnds
Constraints:

If there is no resource constraint, each comporient

replaced / repaired on or before due date and erance
schedule falls within opportunistic maintenanceestold
and maintenance threshold.

tf
> X, 21,

t=t0

i0 {1,2,.. N} @)

Where, t0=th, —t!, —t' ), tf =(t!, ~t,.) and
variables are defined here.

Time when maintenance is due for task ‘i’; This
calculated based on current and maximum FH, cy
and calendar date for preventive maintena
candidate. This is calculated from RUL from CB
candidate.

1:omth

Opportunistic maintenance threshold for task
Opportunistic maintenance threshold
allowable window of maintenance schedule decision

mth

Maintenance threshold for asset ‘i’; Maintenarn
threshold isthreshold time before expiry of RUL
before which maintenance has to be scheduled.i3h
set to zero for run-to-fail maintenance candidate.

For reactive maintenance of critical item, oppoidtio
maintenance threshold and maintenance thresholrkans.

‘A’ and ‘B’ are selected from two exclusive sets of
maintenance tasks.

d=(dUdyU..U dy)

Where, ‘'d’ represents the set of days where maintenance
tasks ‘A’ & ‘B’ may get scheduled together in same
maintenance event,q’ is the maximum number of
combinations of maintenance instances ‘Af and ‘B’
during complete maintenance horizon.

A/C has to be mandatorily available for selectegsd&ost
of maintenance event is set to very high on thesgsd

o (@0,

cles
nce
M

Dte(d1,2,..n) =10*1° (6)
Special Constraintsrelated to resour ce unavailability:

b If there is resource constraint for a critical itedue date

is maximum

~ (tma’) of maintenance is postponed to earliest date when
resource is available and opportunistic maintenance

cethreshold and maintenance threshold are set tesz&r€

; will be down until maintenance of the critical item

is .

X, =1, 1 0{12,..... @
If there is resource constraint for a non-critidaim, due
date of maintenance can be shifted to the eadi&st when
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resource is available and opportunistic maintenanceesource planner along with sequence numbers.
threshold is of negative value, i.e. next mainteeaavent

shall include this task. 4.2. Availability model
ix' >1 ) 3 Unavailabi_lity of mission dut_a to A/C down for magmiance
it = o {1,2,. Nnor } @) event, which starts at particular day/slot, depeadsthe
t=t0 following factors:
) . . . . « Probable coincidence of maintenance schedule
Where, t0 = (t,'nd S c|>mth) , tf = (t,'nd —t,'nh) and with mission schedule
‘Nncr' is number of non-critical tasks with resource *  Type of mission planned and this is driven by
constraint. strategic importance factor
« Duration of possible maintenance event consisting
No maintenance event can be scheduled if common of maximum number of maintenance tasks
resources like infrastructure are not availabla set of days
(d12, 1. The aircraft down time for probable maintenancenéve
ZtD(d ) =0 ) starti_ng at day / slotd' considering importance factor of
L2.n missions affected is:
‘X' & ‘Z{ are binary variables. Length of maintenance Mt Dd
horizon is ‘T" and ‘N’ is the maximum number of = i) i) * i
maintenance tasks to be scheduled within this boriz Ua(d) ;;Fn‘(l’ )yrem@, ) bma, j) - @
X,z,0{01}, Where,
in{1,2,.. N}& tOD{1,2,.. T} (10) Fm(i,j) @ Mission of mission typei’ is scheduled or not

scheduled at day/slgt
The optimization problem is solved by Binary Intege
programming Cm(i,j) | Importance factor for mission typie scheduled
at day/slotj’

Instead of enhancing more number of constraints tdue - . — .
resources, the solution is simplified by recaldaptdue | Dm(i,j) Duration of mission type'i scheduled at

date of maintenance requests and opportunistictetance day/slot’

threshold. Towards this end, Maintenance plannejepts . o

allocation of resources based on maintenance reyuask Mt Maximum number of mission types

priority, predicted usage considering missions péah

available resources as updated by resource plarffigure Dd Maximum number of days/slots required by
5 depicts the interactions between maintenancenptaand maintenance event.

Maintenance Planner Resource Planner

1 SrereE i allees te B e s Request for resource status date wise .
s . #2 Calculate resource status date
resources to maintenance tasks for Resource status date wise e
complete maintenance horizon

Request for validate
maintenance plan

Compare requirement of

6
ll resources vs availableresources

3 Calculate non-reusableresource
constraints for optimization

Resource
Available?

a4

Maintenance Planning Optimization J No

8 Identify missing resources and

3 Calculate requirement of both Erzdferiatline
reusable and non-reusable resource L

Can be

. < delivered ——>
M1 Add new resource constraints on time? Order
- request

Set maintenance plan 5
421 Generate valid maintenance B valid flag TRUE Set re-plan maintenance
Plan flagas TRUE

Valid maintenance plan

Ra_nlan maintananca

Figure 5. Interaction between Maintenance Plann&e&ource Planner
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Importance factors for different mission
configurable. The following table shows an example
gradation of importance of different mission types.

Table 2: Example of Mission Importance Grade

Mission Type (code) Importance
Grade[Level]

Fighter Bomber Very High [5]
Suppression of Enemy Air Defence  High [4]
Maritime Air Operations Medium [3]
Reconnaissance mission Low [2]
Surveillance Mission Very Low [1]
No Mission No impact [0]

In case of availability & cost optimization mode ialin may
be applicable for civil operation, the aircraft ddime can
be converted to cost incurred due to outage ofrafirc

types areWhere,

d Maintenance due date for tagk

Fo(i) Over maintenance effort per hour for task

Hop Average operating hour per day

tt Opportunistic  maintenance threshold for
maintenance task

In case of availability & cost optimization modéjst over
maintenance factor can be converted to over maintem
cost after multiplying with appropriate cost factmd this
contribute cost related to each maintenance task.

4.4, Cost M odel

In Availability and Cost Optimization mode, objaai
function for scheduling maintenance events reptsseeral

related to maintenance event.

4.3. Model for Aircraft over maintenance

Due to clustering of maintenance tasks for

maintenance ahead of their scheduled maintenamoe. ti
This is referred to as ‘over maintenance’. Overntaiance
incurs additional cost to operation and suppoiit/aiets.

Over maintenance factor for maintenance taskt day'(d-
i)’ can be defined as:

Om(i,d - j) = Fai) * Hop* j forj=0tot! . (12)

PF interval, Task effectiveness,
Probability of detecting a potential failure,

\

|7

etc.

Laborrate ———
Laborefficiency ———=
Duration of Task ——=

Costof

Labor

Costof each
material outof ————
identified set

Costof
Material
Costofa

Costof
equipmentper ———
hour

Costof

Ground

Support
Eqmt

task

Dwuration of Task ————

4 Costof

Test

Costoftest per
nour,

batch
maintenance of aircraft, some equipment may undergo

\—> Compute Task |[Eeiths

maintenance

maintenance horizon and this cost aspects aréwtdd due
to the following factors
Cost related to each maintenance task

0 The direct maintenance cost
o0 Over maintenance cost attributed due to
shifting of maintenance task from due
date
e Common maintenance cost related to a

maintenance event
o0 Cost of site/infrastructure
0 Representative cost of unavailability of
mission due to A/C down for maintenance

Average operating hours
perday (Mh)

Repair
Cost Fercent Service forHT
Premature Failure Factor

Maintenances (d)
MTEF
L L forHT

Cost (Ch) ofa

a Costof Over
—> AT e Maintenance

task per Sy
operating hour (TR

Interval Days of over-

Duration of Task ———=

Miscellan
eous cost

Maintenance Event

l

Costof individual
Maintenance Task

Over maintenance of 4 days for T3

Figure 6. Cost of

Individual Maintenance Task
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Objective of maintenance optimisation is to
maintenance cost and to enhance availability. Fys¢ of
cost is directly related with maintenance cost aedond
type of cost is mainly related with availability.

The direct maintenance cost related to each indalid
maintenance task has the following cost components:
Material

Labour

Test

Ground support equipment

Corresponding cost equations are given in detailable
3.1 of NAVAIR 00-25-403.

Common maintenance cost related to a maintenararg &v
attributed by the following factors

Cost of site/infrastructure

Representative cost of unavailability of mission
due to A/C down for maintenance

reduceResource control function (Figure 7) calculatesouese

demand based on long term maintenance scenarioribé
data. Validity check module generates resourcetints

and validates maintenance plan based on request fro
maintenance planner. Resource Management function
manages purchase process, tracks availability alidedy,
avoiding excess inventory and captures feedbadefine
continuously important thresholds like lead timets,

6. CONDITION BASED M1SSION PLANNING

The condition based Mission Planner developed has a
additional feature of providing warning to user for-
planning in addition to the conventional featurée lentry

of mission plan through digital map, replay of mosswith
aircraft model in loop, creation of database fossiun plan

& flying program. Re-planning intelligence of Missi
Planner is driven by performance evaluation (lel&P),
mission and segment capability computed by ORA and
approved maintenance planned.

Cost of sitefinfrastructure depends upon demand anifitidlly the performance parameters of aircraftated to

availability. Even if there is no real cost related
site/infrastructure, representative cost figureedasn site
availability brings intelligence in optimization.

Supply Chain

Resource Control

+ Calculate resource demand
‘ + Economic Order Quantity
* ReorderPoint

Resource Management

+ Purchase process

+ Tracking availabilityand delivery
+ Avoid Excessive Inventory

+ Capturefeedback

Validity check of Resources for a

Maintenance Plan

l « Checkforresourceavailability
+ Generate resource constraint
i+ SetValidity of Maintenance Plan

Figure 7. Resource Planner Block Diagram

5. RESOURCE PLANNING

Mission effectiveness is highly dependent on effiti
maintenance which in turn is dependent upon rediavid
prompt logistical support. Regardless of the cdstisi
important to have the item readily available to sup the
efforts of the mechanics in a timely manner.

estimated trajectory as per mission plan are coecpulf
estimated performance exceeds the specified peaftren
limits of aircraft, user is instructed in term ofming to re-
schedule the mission plan. Mission Planner waresuter
to reschedule the mission plan if approved mainteaglan
conflicts with mission plan. Applicability of missm
segments of a particular aircraft is checked witbpect to
operational capabilities of the aircraft for thegsent,
computed by ORA. It checks whether operational bdipa
for that segment is less than mission critical shodd. If
operational capability does not support the paldicu
mission segment for an aircraft, it instructs inmnteof
warning to re-plan the particular segment of thegtin.

7. RESULTS & DISCUSSION

For simplicity, it is assumed that electrical angdiaulic
system represents complete aircraft and a repasantise
case is defined to validate maintenance strategg an
planning algorithm. Failure Mode Effect and Critita
Analysis (FMECA) are carried out for selected comgruts
which are run through the candidate selection legidefine
maintenance type for each fault.

Figure 8 represents different units of maintenance
scheduling. A maintenance task is considered asdbunit

of maintenance to be scheduled. Task steps (T$)bwil
considered in the description of each maintenarmk. t
Maintenance events are scheduled by clusteringrdauof
maintenance tasks using optimization. MaintenaRt@n

for an A/C is scheduling of all maintenance eventirty
complete A/C maintenance horizon. Final Maintendplee

is derived after merging individual maintenancenplar a
fleet of A/Cs.
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Maintenance plan for A/Cs
(with PM, RTF,CBM)

Maintenance Eventi
Maintenance Event2

Maintenance Event3

Maintenance plan for A/Cs
(with PM, RTF)

Maintenance Eventl
Maintenance Event2

Maintenance Event3

where only PM and RTF maintenance types are corside
and the same is created in maintenance credit madag

all possible maintenance types including CBM. The
generated maintenance plan for the defined hypotiet
scenario leads to the following observations. Aalaility

enhancement is 19% more in maintenance credit mode
compared to maintenance benefit mode. This indictte
benefit of CBM compared to PM. Availability enhamneent

due to optimization is 64% in maintenance creditieo

Task1
TS2

Task1

TS1 81 £ TS2

Selection of optimum value of opportunistic mairsece
threshold is done based on fact that availabilitgréases
with increase of the threshold but cost savingialhyt
increases but starts reducing after some value hef t
threshold due to over maintenance cost. With this
consideration, user may decide opportunistic maariee
threshold as 8 days as per Figure 10 for this fipeci
scenario.

Figure 8. Definition of different unit of maintemee
planning for a use case

A scenario is defined with maintenance tasks witbeiids
within 100-116 (which are arbitrary). Database ¢ahb(~20)
are populated with synthetic data related to faultsyjgintenance Planner ensures A/C to be more availtabl
maintenance task details, resources required dedails, etc strategically more important mission. The priositief
aligning with the use case and mapping with OSA-CBMnissions are assumed as mentioned in the Table 2. A
data structure. Figure 9 depicts the maintenarle® p maintenance plan is already scheduled on a paticidte,
computed by the tool developed. Individual mainf@®a it 5 girategically more important mission is sudgen
requests are represented by different red coloyewbsls  gchequled on the same date, maintenance plannér wil
whereas the blue line with blue symbols representg,gyre to enhance probability to accomplish thesiomsand

beg_inning .of a maintenance event with respectieksta | oschedule maintenance date. The Figure 9 (sciedofi
having maintenance event spread across the shamed z . . intenance event 3) depicts the same results.

Maintenance plan is created in Maintenance bemeditie

©® OO IVHM - Maintenance Planner

Maintenance Plan Credit Mode | Maintenance Plan Benefit Mode | Maintenance Data | Event Details and Scheduled Resources | Testing Tab |

Select Aircraft Maintenance Horizon

Select Start Date
Select End Date

March 13, 2014 (03|
April 13, 2014 @)

A-l01

Mandatory Available Dates [March 13, 2014 || | Add_| | Reset |

Availibility Optimization

Optimization Modes |~}

Re plan

Optimised Maintenance Plan

Operating HoW&00 to 1600 hrs

Morning Slot 1: M1 Morning Slot 2: M2 Evening Slot: E1 Evening Slot : E2

Adrcraft ID

Maintenance Event ID Asset Id List | Task Id List Day - Slot Location

A-10L

Day-1.0-M1 Hangar

A-10L

Day -6.0-M2 Hangar

A-10L

1100, 112. 114, 108, 109, 110] 150, 1. 62, 60, 60, 90]
1103, 116.102] [80. 63, 50]
[103, 104. 105, 1061 180, 70, 70, 70]

180, 82]

Day -12.0 - ML Hangar

A-10L

[103. 1071 Day -22.0 - ML Hangar

Maintenance Horizon (days) [31.0

Availability %

Availability Enhancement due to Opt. % [6411

Assets

Optimized Maintenance Plan

A A A

Day

BFRE TGRS es  2S 2 8 =& 94 a & & & =

SR

Ml Optimized Plan Ml Maintenance Request ( ¥ Reactive € CBM % Preventive ) Missions (4 Fighter

Surveillance Reconnaissance & SEAD 4 MAOC )|

Figure 9. Maintenance Plan: First tab of MainteraRlanner
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Maintenance Planer provides feature to input setedates are also grateful to reviewers for many of the ioygments
on which A/C availability is mandatory. Maintenance to the document.
Planner will also ensure availability of the A/C dihe
selected dates and shift maintenance to adjacees d@ate NOMENCLATURE
based on only availability or both availability &ost :
optimization asyper selectioyn of optimization modye. AIC A|_rcraft
BIT Built-In Test

CBM Condition Based Maintenance

FF Failure Finding (inspection)

FH Flying Hour

FHP Flying Hours Program

; ; FMECA Failure Mode, Effects and Criticality Analgsi
HRT  Hazard Risk Table

e Bl HT Hard Time (task)

ISHM Integrated System Health Monitoring

IVHM Integrated Vehicle Heath Monitoring

Mission Availability
enhancement(%)->

)
Opportunistic Mail Ti

Cost Saving(%)->

. | . | . H J KPI Key Performance Indicator
Opportunistic Mai T i L Lubrication

Figure 10. Selection optimum value of opportunistc ~ LRU  Line Replaceable Unit
maintenance threshold oC On-Condition (maintenance)

ORA  Operational Risk Assessment

Maintenance planner avoids scheduling the maintanan OSA  Open System Architecture
event on a particular day if logistic resourcesregquired PHM  Prognostic Health Management

infrastructure is not available on the desired @&yjfting of PM Preventive Maintenance
maintenance date is based on criticality of itemorty, =~ RCM  Reliability Centered Maintenance
earliest date having appropriate amount of resotypes ~ RO! Return on Investment

available and optimum value of cost & availability. RUL ~ Remaining Useful Life
Relevant resource constraints are also tested amddp STF Run-to-Fail (maintenance)

satisfactory results. Servicing o
SHM  Structural Health Monitoring
8. CONCLUSION TS Task Step
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