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

MAINTENANCE TRAINING

TOOLS SPARES

TECHN. PUBL. TRANSPORTS

PRIMARY SYSTEM | SUPPORT SYSTEM I

Without the SUPPORT SYSTEM, simply,
the PRIMARY SYSTEM cannot run ! | |
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RELATED CONCEPT:

'I'ha SUPPORT CVCT:M hac +0 be
conceived and designed together with the
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Incompatibility
between the 2
SYSTEMS
= INEFFICIENCY

Obsolete
concept

SUPPORT

DESIGN
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INTEGRATED SYSTEM
-> EFFICIENCY

“INTEGRATED LOGISTIC
SUPPORT” concept
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The U.A.S. are increasingly
more important:

MAINTENANCE TRAINING
TOOLS SPARES

TECHN. PUBL. TRANSPORTS

PRIMARY SYSTEM | SUPPORT SYSTEM I

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

ILS - Integrated Logistic Support
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UAS Operations & Logistics

SYSTEM
Next activity y
on another Deployed on TRANSPORT
operational Opera.ltlonal  ' PROCEDURES
site Site Refurbishment, SPECIFIC
A v Refueling, Set-up T, el
Pre-operation TOOLS GENERAL
activity _v| manTENANCE ] ™ PURPOSE
; "\ Pre-flight check \ PARE PARTS
MATERIALS 7
OPERATION \‘rCONSUMABLES
* OPERATION \
7| TRAINING
Next Post-operation Failures repair / PERSONEL \
Operation activity prevention TECHNICAL
A PUBLICATIONS
SYSTEM LIFE OPERATIONS SUPPORT ELEMENTS
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OPERATIONAL-SUPPORT SCENARIO

o

Organizational Field =<7
| Level Maintenance /- ¥

Depot 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

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

Depot Level
Maintenance

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

SHOP Off Equipment Maintenance ldentifying
‘L MAINTE- | | 5ng replacing (on LRU) the SRU faults
Organizational Field -NANCE (the ones for which it is possible) that
Level Maintenance will be sent to Depot. Verification of
viamtenance - _| repair.
FLIGHT Maintenance Routine Refurbishment,
LINE Refit , Lubrication, Calibration, etc.
MAINTE-"
"NANCE Inspections Pre/post flight, turn-
- ] around .
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SUPPORT SCENARIO

SRU
Shop
Replaceable

Unit

LRU
Line Replaceable Unit

Organizational Field
Level Maintenance

vidaintendnce

——p NON MOB
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SUPPORT SCENARIO

STAFF
OPERATIONAL PRIMARY SYSTEM ORGANISATION CHARACTERISTICS

SCENARIOS CHARACTERISTICS CONSTRAINTS

TRASPORTABILITY
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TOOLS

Reliability Analysis - FMEA
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TOOLS

LSA — Logistic Support Analysis

..................................................

: Loglstlc Support Requlrements

Test and Support
Equipment

® Type and Quantity

anf Faninmeant
s .—'\iult’lllujl‘,

@ [ ocation of
Equipment
Talt. 42

@ Utilization of

Equipment

Transportation and
Handling

Spare/Repair Parts
(Supply Support)

Type and Quantity of

Snare/Renair Parts

Paiv/ aNCpall rails

Location of Spares
Inventory Reqmrements

Provicionine Factore

Y AdAlssisaim A BvRAS

Personnel and
Training

Personnel Skill

I evels

B ¥ W BT

Quantity of Personnel
Assignment (Location)

Training Programs

Training Aids, Data,
Equipment and Facilities

e Packing and Shipping
Requirements

® Environmental
Requirements

® Handling Equipment

Operational and
Maintenance Facilities

® Space Requirements

® Environmental Requirements
® Utilities

® Warchousing

@ Capital Equipment

Technical Data:
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® Operating and Maintenance
Procedures

® Installation and Testing
Procedures

@ Modification Instructions

® Drawings/Microfilm/Lists




TOOLS

LORA - Level Of
Repair Analysis

Questions

|
Z:

3.

Is the design of the item such that repair is feasible?
Are the item's maintenance characteristics and installation

such that a remove/replace strategy is feasible at first line?

Does the item have lower level subassemblies?

Does item's maintenance characteristics permit a
replacement action of the sub-item?

Does the item's configuration consist of subassemblies

from multiple vendors?

Economical Level Of Repairr Analvsis (ELORA)

Sergio CHIESA

Replace the itam &t
15t line and discard

¥ N

Re-gvaluatz ltem to be
replaced as part of the
next higher assembly

Replace em at 15t line,
perform ELORA to determine
optimum repalrf discand
strateqy

Replace the falled sub-item at
1&t ling, perform ELORA to

determine optimum repair
discand stratzgy for the sub-
item

Replace H2m at 15t lIne,
perform ELORA determing
optimum repair/ discard
strategy for the tem

Raplace item &t 1si line and

repalr at 2nd Line, perform

ELORA deferming aptimum

repalrf discard strategy for

the Tailed sub-item o




Now the I.L. S is well defined...

MIL-STD-1629A
24 NOVEMBER 1980

X
\ SUPERSEDING

MIL-STD-16828 (SHIPS)
1 NOVEMBER 1974
MIL-STD-2070 (AS)
12 JUNE 1977

MILITARY STANDARD

PROCEDURES FOR PERFORMING
A FAILURE MODE,
EFFECTS AND CRITICALITY ANALYSIS

MIL-STD-2173(AS)
21 JANUARY 1986

SUPERSEDING
MIL-HDBK-266(AS)
14 AUGUST 1981

MILITARY STANDARD

RELIABILITY-CENTERED MAINTENANCE
REQUIREMENTS FOR NAVAL AIRCRAFT,
|TEAPONS SYSTEMS AND SUPPORT EQUIPMENT

MIL-STD-1388-2B
28 MARCH 1991
NOTICE 1

21 JANUARY 93

SUPERSEDING
MIL-STD1388-2A
10 JULY 84

MILITARY STANDARD

DOD REQUIREMENTS FOR A
LOGISTIC SUPPORT ANALYSIS RECORD

MIL-HDER-470A
4 AUGUST 1997
SUPERSEDING

MIL-STD—-13%0D
19 JANUARY 1993

L DBt swesne LN N
AMIL-HDBK-471 8 JULY 1988 SECOND EDITION
12 JUNE 1995

DEPARTMENT OF DEFENSE LOGISTICS

HANDBOOK

DESIGNING AND DEVELOPING MAINTAINABLE
PRODUCTS AND SYSTEMS

MILITARY STANDARD

LEVEL OF REPAIR ANALYSIS

(LORA)

MIL-STD-1369(EC)
31 MARCH 1971

MILITARY STANDARD

INTEGRATED LOGISTIC SUPPORT
PROGRAM REQUIREMENTS

With a lot of
appreciable
scientific

Text Books, eg:
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..this is the THEORY...but...

M PROJECT AIR FORCE

Unmanned

Aerial Vehicle
End-to-End

Support

Considerations
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Hisrorically, logisticians have nor always been able ro cffecrively
articulate the effects of rapid desien and procurement realities on
support, which ultimately affect operations. Rapid acquisition pro-
cesses do not allow sufficient time for developing technical data and
fully integrating training requirements. In spite of these circum-

Currently, traditional logistics requirement determination and
rapid acquisition are not integrated. However, there may be other
ways to address this integration. If an SDD or LSA is not completed,
some of the necessary data could be esumarted. Alternatively, implied
values could be used to determine support requirements. If exact val-
ues are not available, a range of values could be explored to estimate

support requirements. We will explore this concepr further in Chap-
ter Four.

CHAPTER FOUR

The Logistics Implications Capabilities
Assessment Model

A key metric in assessing the effectiveness of support and acquisition
policies is the capability of the UAV fleet to provide orbital coverage.
Lack of thorough historical data, combined with other support and
operational issues, highlighted the need for a comprehensive simula-
tion model. We developed an Extend-based simulation model,
LICAM, to _evaluate the trade-offs between various operational and
support parameters.! LICAM is a discrete-event stochastic simulation

fleet size, break rates, and repair rates, into operationally measured

metrics, including the percentage of time a vggrig*s (ﬁlﬂﬁgﬂ provide /

coverage over a specific target area.




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)
of the POLITECNICO di TORINO, with the

cooperation of S.P.A.I.C.srl.
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SMAT is a

UHF SATCOM
UaV ATC
Ethemet / Web

complex
System Of
Systems

1
ooooooo = (Esercito, Protezione Civile)

e :\ 5 - 2 Sale operative
\Q* * (Terna, Arpa, ecc. (Protezione Civile, GdF, ecc.)

UHF SATCOM

WEDL
INMARSAT
UHF SATCOM
UAV ATC
Ethemet | Web
Physical Media

The complexity increases
very much if we consider
the Integrated Logistc

N

L\ z
Integrated Logistic Integrated Logistic Integrated Logistic
S u p po rtl bOt h fo r t h e Support sist. MOLYNX |-;Jpport sist. FALCO Supportsist. D-FLY

three UAS (fleet and - | ——
Ground Station) and for

the SSC (Supervisionand ~  |am ' Rl
Control Station) s MERMERE A |

(comuni, ecc.) e Enti Pubblici

‘QQZ“\' ~* (Terna, Arpa, ecc.)
Sergio CHIESA

r
Integrated Logistic Support 55&C

and Network

5 Unita mobili
= (Esercito, Protezione Civile)

Sale operative 21
(Protezione Civile, GdF, ecc.)



The optimization of the set is difficult, particularly considering the
complexity, but really more extended yet, because of the different
classes of UAS, and their INTEGRATED LOGISTIC SUPPORT.

" OPERATIONAL

NEEDS

Number
of UAS Logistic Support
System
SIZE

S

i x COSTS

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.

Sergio CHIESA 22



Synthetic
presentation
of the
SIMULATION
MODEL

In the figure is
reported a
simplyfied
version without
the “LOOP of
BASES”, that is
able to study a
fleet operative
on only one base
(i.e. the MALE)

START

Day = 0;
Time =0;

1-The

Verify if there is any condition to
require take-off

y

Verify if there is any particular
day/time condition (e.g. end of
shifts, holidays, etc.)

5

‘ Vehicle = 1; ‘

Time = Time + AT

NO
Status(Vehicle) = 0?
NO

Vehicle = Vehicle + 1;

Vehicle under Maintenance

Search for a free Maintenance

team

Vehicle in flight

Vehicle available

o

Sergio CHIESA

llMAI NI’

Aircraft
LOOP

2 —Some “ROUTINES”
in next slides 23




vehicle in flight

NewVehicleAltitude(Vehicle) is
updated

» update the accounting of the
flight hours for the vehicle

A

Number of flight hours in the

current mission and general ar
updated

simulate with random numbers
the occurrence or non-

mb” (RND) / occurrence of a failure
is generated

YES )
Failure occurs

NO YES
) CurrentStatusLasting =
Status(vehicle) = 4 CurrentStatung?r}Y\
Wurr o

Status(Vehicle) = 4 (Recovery in
advance)

ent

Status(Vehicle) = 2 ‘ i
¥ ‘ CurrentStatusLasting = 0

CurrentStatusLasting = 0 ‘ %

Status(Vehicle) = 3 ‘
v

CurrentStatusLasting = 0 ‘

Status =2 &
CurrentStatusLasting
=TVO

Status =3 &
NewVehicleAltitude =
0

Status(Vehicle) = 5 ‘

¥

CurrentStatusLasting = 0 ‘

pdate the status of the
vehicle if it has either
reached the end of a

Status =4 & .
ewVehicleAltitude = Status(Vehicle) = 6 ‘ flight phase or suffered
¥ from a failure
NO CurrentStatusLasting = 0

\ Estimate the time

CurrentStatusLasting = mﬂosis required to provide
CurrentStatusLasting + AT H H
maintenance on a just

landed vehicle
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Verify if there is any particular
day/time condition (e.g. end of
shifts, holidays, etc.)

‘wizhicdle under Maintenance

NO YES
flairterance Hours Mvehicle) =
‘ Day = Day + 1 ‘ Maintenance Hours Cvihicle)+ T
‘ Time=0 ‘
3
Status(Pes signedTean )
Day > #Days
Ordhdaint Hours (AssignedTean 1= E:tthn'l.a intH ours Qﬁs:signa:lTea'nj =
Mod(Day, =0 OrdiaintHours QﬁssignedT&arn:l + 7T EHWIMHDUFS(.&ESQI’IEdTEE’I’I j+ T
: ~
Working day ‘ ‘ Holyday Time Reshda refvehicl e)=

| I TimeReshiant Mehide)- T

Mod(Time,
ShiftLength) = 0

|

TimeReshaint{ Team) =_

Recruiting of TimeRe shiginti Team- T
maintenance teams

for incoming shift
(Status 1)

#Vehicles needing
maintenance > # incoming
teams

meReshBinTean
=0

YES

SEtaehicle 1= 0

N
A
No additional Recruiting of outgoing
recruiting, outgoing maintenance teams
teams are put on for extraordinary shift
status =0 (status = 3) 3
fA s FesignedTeam)
Y
Maintenance teams in - ¥
Mod(Time, extraordinary shift
ShiftLength) = 2 S(totptworkig)g @ Stausfssigned Team ) = 1 Status) A signedTean) =0
status =
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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.

System Operativity Percentage

Percentage

j A typical example of results

083 | | | | | | | | |
0 10 20 30 40 50 60 70 80 90 100

iterations
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CONCLUSIONS

The model is very complex but this is acceptable considering the
complexity 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 good

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 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.

We hope to have possibility of
performing this work in SMAT {2 |
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