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In the field of complex Systems a p y
concept acquired (but not always) is
the relevance of the Support System the relevance of the Support System 
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SPARESTOOLS

TECHN. PUBL.

SPARES

TRANSPORTS

PRIMARY  SYSTEM SUPPORT  SYSTEM

Without the SUPPORT SYSTEM, simply, 
th  PRIMARY SYSTEM t ! ! !the PRIMARY SYSTEM cannot run ! ! !
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RELATED  CONCEPT:               
the SUPPORT  SYSTEM has to bethe SUPPORT  SYSTEM has to be

conceived and designed together with the 
PRIMARY SYSTEMPRIMARY SYSTEM

PRIMARY SYSTEMPRIMARY SYSTEM  
DESIGN

info
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SYSTEMinfo
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DESIGN

SYSTEM  
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Incompatibility
between the 2 
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INTEGRATED SYSTEM 
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Obsolete “INTEGRATED  LOGISTIC   Obsolete  
concept SUPPORT”  concept 4
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The U.A.S. are increasinglyg y
more important:

MAINTENANCE

TOOLS
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PRIMARY  SYSTEM SUPPORT  SYSTEM

The U.A.S., at present in development phase,  
have to implement in optimal way the philosophy of 

ILS - Integrated Logistic Supportg g pp
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UAS Operations & Logisticsp g

SYSTEM  LIFE                                       OPERATIONS                              SUPPORT  ELEMENTS
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LOGISTIC SUPPORT ELEMENTSLOGISTIC   SUPPORT   ELEMENTS

SUPPORT ELEMENTSPRIMARY SYSTEM SUPPORT  ELEMENTSPRIMARY  SYSTEM  
CHARACTERISTICS
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………………..
7

Sergio CHIESA



Organi ational FieldOrganizational Field 
Level Maintenance

Depot  Level 
Maintenance

Organizational Field 
Level Maintenance

Organizational Field 
Level Maintenance
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SUPPORT   SCENARIO
DEPOT‐LEVEL MAINTENANCE Depot maintenance is 
the maintenance beyond the capabilities and/or 
facilities of the field. It will consist in verifying the 
SRU d LRU f lt i l ti d i f iDepot  Level 

Maintenance
SRU and LRU faults, isolation and repair of piece 
part(s), verification of repair, and return of 
serviceable units to inventory. 

On  Equipment Maintenance Identifying  
and replacing the LRU faults that will be 
sent to Depot. Verification of repair.

SHOP                     
MAINTE‐
NANCE

sent to Depot. Verification of repair.

Off  Equipment Maintenance Identifying  
and replacing  (on LRU) the SRU faults 

Organizational Field 
L l M i t

Organizational Field 
Level Maintenance

Organizational Field 
Level Maintenance

‐NANCE (the ones for which it is possible) that 
will be sent to Depot. Verification of 
repair.

Level Maintenance
FLIGHT                          
LINE                            

MAINTE‐

Maintenance Routine Refurbishment, 
Refit , Lubrication, Calibration, etc.

MAINTE
‐NANCE Inspections Pre/post flight,  turn‐

around
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SUPPORT   SCENARIO

Depot  Level  MOBp
Maintenance

MOB

NON MOB

O i i l Fi ld
Organizational Field  MOB

Organizational Field 
Level Maintenance

Organizational Field 
Level Maintenance

Level Maintenance

NON MOB 10
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SUPPORT  SCENARIO

STAFF  
CHARACTERISTICSOPERATIONAL  ORGANISATION 

CONSTRAINTS
PRIMARY  SYSTEM  
CHARACTERISTICSSCENARIOS CONSTRAINTSCHARACTERISTICS

MAINTENANCE  LEVELS

TRASPORTABILITY
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TOOLS

DESIGN

RELIABILITY

F.M.E.A

LSA
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Support
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Reliability 
CenteredMAINTAINABILITY

MAINTENANCE
PROGRAM Level Of  
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MAINTAINABILITY evel Of
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Analysis 12
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Reliability Analysis ‐ FMEATOOLS y y

Failure Mode 

from FMEA To RCM
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RCM – Reliability Centered Maintenance
TOOLS
RCM  Reliability Centered Maintenance

Failure Mode 

FMEAfrom FMEA

MAINTENANCE
TASK
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l
TOOLS

LSA – Logistic Support Analysis
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TOOLS

LORA – Level Of                                             
Repair AnalysisRepair Analysis
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Now the I.L.S. is well defined…

With a lot of                               
appreciable
scientific
Text Books, eg:
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…this is the THEORY…but…
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The opportunity of 
developing realistic
SIMULATION  
MODELS of complex
Systems integratedSystems, integrated
with their Logistic
Support is underlined

Such models are 
powerful tools forpowerful tools for
the  DECISION 
MAKING, during the 
d l fdevelopment of 
great, potentially
critical, Integrated, g
Systems

19
Sergio CHIESA



The development of a Logistic-Operative
simulation model of the UAVs fleet foreseen
by SMAT Project has been carried out by
AeroSpace System Engineering Team (ASSET) p y g g ( )
of the POLITECNICO di TORINO, with the 
cooperation of S.P.A.I.C.srl.p
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SMAT  is a 
complex
S stem OfSystem Of 
Systemsy

The complexity increases
very much if we considery
the Integrated Logistc
Support, both for the 
three UAS (fleet and 
Ground Station) and for
the SSC (Supervision andthe SSC (Supervision and 
Control Station)
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The optimization of the set is difficult, particularly considering the
complexity, but really more extended yet, because of the differentp y, y y ,
classes of UAS, and their INTEGRATED LOGISTIC SUPPORT.

The way to solve the problem is the development of an efficiency
simulation of the whole system based on Monte‐Carlo method, topic on
which the Research Group has achieved great experiences in the past.
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Synthetic 1 ‐ The   “MAIN”

presentation
of the 

TIME 
LOOP

SIMULATION 
MODEL

In the figure is
Aircraft

reported a 
simplyfied
version without

Aircraft
LOOP

version without
the “LOOP of 
BASES”, that isBASES , that is
able to study a 
fleet operative 

2on only one base 
(i.e. the MALE)

2 –Some “ROUTINES”
in  next slides 23
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Vehicle in flight

NewVehicleAltitude(Vehicle) is 

vehicle in flight
updated

Number of flight hours in the 
current mission and general are 

updated

update the accounting of the 
flight hours for the vehicle

simulate with random numbers 
the occurrence or non

Uniform Random Number (RND) 
is generated

RND > R
YES

Failure occurs

the occurrence or non-
occurrence of a failure

NO

Failure doesn’t occurr

Status(Vehicle) = 4 (Recovery in 
d )

Status(Vehicle) = 4
YES

NO

CurrentStatusLasting = 
CurrentStatusLasting + T

A

Status = 1 & 
CurrentStatusLasting 

= TVA

YES
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Status(Vehicle) = 2

Status(Vehicle) = 3
Status = 2 & 

CurrentStatusLasting 
YES

advance)

CurrentStatusLasting = 0

CurrentStatusLasting = 0

A

( )g
= TVO

NO

Status(Vehicle) = 5
Status = 3 & 

NewVehicleAltitude = 
0

YES

NO

CurrentStatusLasting = 0

CurrentStatusLasting = 0

A

update the status of the 
hi l if it h ithNO

Status(Vehicle) = 6
Status = 4 & 

NewVehicleAltitude = 
0

YES

NO

g

CurrentStatusLasting = 0

vehicle if it has either 
reached the end of a 

flight phase or suffered 
from a failure  

Estimate the time 
required to provide

Diagnosis

A

CurrentStatusLasting = 
CurrentStatusLasting + T

A

required to provide 
maintenance on a just 

landed vehicle
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SIMULATION RESULTS
A preliminary set of Monte‐Carlo simulations was performed to check the 
effectiveness of the algorithm. This set included 30 runs with 100 iterations each, 
with each iteration lasting for 10 simulated days. Repeating several runs of Monte‐
Carlo simulation can provide an approximate of statistical distribution of the 
interest parameter.

A typical example of results
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CONCLUSIONS
• The model is very complex but this is acceptable considering the 

complexity of real Systemcomplexity of real System
• The final version is comprehensive of the “Bases Loop”, with a lot of 

complications: 1) two levels of Maintenance only in Main Base vs in all
Bases; 2) transfer of AC (efficient or not efficient, in flight or by terrestrial
transports) between the bases

• Preliminary tests on final version seem to be goody g
• Future improvements: 1) statistical models of service demand on the 

basis of data from ProCiv; 2) Meteo conditions on different bases
conditioning the take‐off 3) More detailed description of UAVs taking intoconditioning the take off. 3) More detailed description of UAVs taking into
account different technologycal ambitous of on board systems, each one
with its particularities 4) Simulation of the second Maintenance Level, 
following iter of LRUs and SRUs removed at first level and sent to Depot.following iter of LRUs and SRUs removed at first level and sent to Depot.

We hope to have possibility of 
performing this work in SMAT f2 !performing this work in SMAT f2 !
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Th kThank you
for youry
attention !n n

Any questions ?Any questions ?
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