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Scope




Scope

INPUT
REQUIREMENTS

« System Operation Availability (Ao) 2 98%

* Annual Operating Rate (AOR) - 100%
(= 8760 operating hours per year)

« System Maintenance Policy

o During the Mission - for Critical components parts,
only

o At the End of Mission - for Not Critical components
parts

 Not Critical Parts Availability (Aogysnc) 2 45%
* Max 250 spare parts units for each depot
« Site Storage Cost - Max € 2.500 (dummy)

* Number of Operating Site - 9

Probability of No Backorder (PNB) 2 90%

OUTPUT

SUPPORT SYSTEM OPTIMIZATION
* Number of Stock Site

* Transfert time

» Lateral Support
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Problem Description

Operational Scenario

Primary System Component Parts : 166

ITEMS Not Critical

Reparable 66 73
Not Reparable 27 0

Preventive Maintenance scheduled time (for 1 ITEM) 5years; Duration: 720h
Reorder LEAD time: 1Year

1.560h <TAT< 13.200h

Mission Time: 30 days

Number of mission per Year: 12
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OPUS Suite Modeling

System modeling

|:| ROQT, Fictive root

E—1 ] SYS_FAMILY

SYS [SYS_FAMILY]
SYSNC [SYS_FAMILY]

« SYS: Set of system critical

ltems

« SYSNC: Set of system NOT

critical ltems

Support modeling

Probability for

critical

Item ... |System
mEmEEn | ST R e e
Impact (PSEI)
SYS 1 Critical 1
SYSNC A non- 0.0001

« The System is modeled as a set of two virtual units (1 and A), by means of PSEI parameter:
o Unit 1 refers to system critical item set. In case of occurred failures, the operating restore tasks

are admitted During Mission

o Unit Arefers to system NOT critical item set. In case of occurred failures, the operating restore
tasks are admitted at the End of Mission, only

WS

FACTORY |

STORAGE | STORAGE . - 2
STS’::cT)N/ cOST PER | COST PER Lateral Su!oport for sites :
UNIT VALUE « Lateral Shipment time depends on the E
number of sites DEPOT LR
ALL 1 0,000001 REORDER
MAXST=0
One Station dedicated for Reorders (no
stock)
Factory for rectifying maintenance
e
N~
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OPUS Suite Modeling Case 1: N°

Quantity System ID
9 SYSTEM1

9 SYSTEM_NC

uoh D10.0h SLOW

DEPOT DEPOT
NORD1 NORD2
S , S
S 3

Oh ’\éi |

m

Jon D10.00 SLow

uon D&

Support organization

ws
FACTORY

on SO

DEPOT
CENTRO1

3uh D240n FAST ¢

OR EORDER

DEPOT
CENTRO2
oVl

u
] & sgr

h D150h S LOW

SLOM/

9 Stock Site — N° 9 Operation Systems

Lateral Shipment Time
[hours]

48

Uon D240 Slow

Yoh D24,0n s10yy

DEPOT
SuUD3

R}

&
S
S

a %,

DEPOT
NORD3
VAVl

g

DEPOT
CENTRO3
oVl

f 1

%,
2,
J
2

f 1 % t 1 T 1 1 1 f 1 % T
18YSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTE.. 1SYSTEM_.
STATION Mother Time From Time to Cost from Cost to Ordering
STATION | mother station | mother station | mother station | mother station Policy
NORD1 REORDER 10 0 5 5 SLOW
NORD2 REORDER 10 0 5 5 SLOW
NORD3 REORDER 10 0 5 5 SLOW
) CENTRO1 REORDER 15 0 7,5 7,5 SLOW
System Location CENTRO2 REORDER 15 0 75 75 SLow
CENTROS3 REORDER 15 0 7,5 7,5 SLOW
. . SUD1 REORDER 24 0 12 12 SLOW
Stock Site Location
SUD2 REORDER 24 0 12 12 SLOW
SUD3 REORDER 24 0 12 12 SLOW
= REORDER FACTORY 24 0
N~
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OPUS Suite Modeling Case 2: N° 5 Stock Site — N° 9 Operation Systems

Support strategy for ITEM 29

s I TEM29 25200 2400
FACTORY
m
H
&
&

Lateral shipment
Time [hours]

T T
CENTRO SUD | )_ SuD_B |

/7 I |

CENTRO1 CENTHOZ CENTR03
«é“
,s, q;
éRm @ ‘Rzm . @Rm @ .Rm @ @Rzm ﬁ ‘Rzm @ ‘Rm @

STATION Mother STATION Time From Time to .mother Cost from Cost tomother Ordering Policy
mother station station mother station station
NORD1 NORD 15 0 10 10 SLOW
NORD?2 NORD 15 0 10 10 SLOW
NORD3 CENTRO NORD 15 0 10 10 SLOW
CENTRO1 CENTRO SUD 20 0 12,5 7,5 SLOW
CENTRO2 CENTRO SUD 20 0 12,5 7,5 SLOW
CENTRO3 SUD A 20 0 12,5 7,5 SLOW
SuUD1 SUD A 29 0 17 17 SLOW
SUD3 SUD B 29 0 17 17 SLOW
_ _ NORD REORDER 20 0 10 10 SLOW
Stock Site Location REORDER FACTORY 24 0
CENTRO NORD REORDER 25 0 12,5 12,5 SLOW
CENTRO SUD REORDER 30 0 15 15 SLOW
SUD A REORDER 36 0 18 18 SLOW
(s SUD B REORDER 36 0 18 18 SLOW 10
N~ @
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OPUS Suite Modeling Case 3: N°

Quantity

System ID
9 SYSTEM1
9 SYSTEM_NC

3 Stock Site — N° 9 Operation Systems

Support organization

Ws

FACTORY

DEPOT &
REORDER
MAXST=0

Lateral shioment
time [hours]

145

STATION Mother STATION Time From Time to 'mother Cost from Cost tomother Ordering Policy
mother station station mother station station

NORD1 NORD 20 0 15 15 SLOW

NORD?2 NORD 20 0 15 15 SLOW

t% NORD3 CENTRO NORD 20 0 15 15 SLOW

CENTRO1 CENTRO SUD 25 0 17,5 17,5 SLOW

CENTRO2 CENTRO SUD 25 0 17,5 17,5 SLOW

System Location CENTRO3 SUD_A 25 0 17,5 17,5 SLOW

SUD1 SUD A 34 0 22 22 SLOW

(\% Stock Site Location SUD?2 SUD B 34 0 22 22 SLOW

SUD3 SUD B 34 0 22 22 SLOW

NORD REORDER 20 0 10 10 SLOW

S CENTRO REORDER 55 0 27,5 27,5 SLOW
AN 0o R o SUD REORDER 72 0 36 36 SLOW ®
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OPUS Suite Modeling Case 4: N° 1 Stock Site — N° 9 Operation Systems

Supportorganization

Quantity System ID s
9 SYSTEM1
9 SYSTEM_NC

FACTORY

DEPOT
REORDER
MAXST=0 .

Unh 2,00 sy

Ut D10,0h SLOW

1 ) ) f T T ) ) T 1 T ) T f 1 T 1 )
1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM... 1SYSTEM_N.

STATION Mother STATION Time Fror_n mother| Time to _mother Cost from mother| Cost tor_nother Ordering Policy
station station station station
NORD1 ITALY 25 0 20 20 SLOW
NORD2 ITALY 25 0 20 20 SLOW
NORD3 ITALY 25 0 20 20 SLOW
CENTRO1 ITALY 30 0 22,5 22,5 SLOW
Syst L t. CENTRO?2 ITALY 30 0 22,5 22,5 SLOW
ystém Location CENTRO3 ITALY 30 0 22,5 22,5 SLOW
SUD1 ITALY 39 0 27 27 SLOW
(\@ StOCk Site LOC&tiOﬂ SuUD?2 ITALY 39 0 27 27 SLOW
SUD3 ITALY 39 0 27 27 SLOW
ITALY REORDER 99 0 49,5 49,5 SLOW
REORDER FACTORY 24 0
r-
»}F e 12
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OPUS Suite Modeling:

Q System Location

Reparable

WS
FACTORY

Not Reparable

DEPOT LR
REORDER

MAXST=0

Mean
ID Case Num_ber e TS I32rE Transfert time
site [hours]

(h]
1 9 Reparable 41
2 5 Reparable 75
3 3 Reparable 99
4 1 Reparable 154
1 9 Not reparable 17
2 5 Not reparable 51
3 3 Not reparable 75
4 1 Not reparable 130
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OPUS Results




OPUS Results:

C/E-Curve Diagram C/E-Curve Diagram
ational Ready Availability
1,0 1,00
0,9001 [n9os0]
o G W 4

0,8 - OPUS_

OPUS_ 0.99

OPUS_ OPUS_ 3
0,6 - 2

OPUS_ 098 OPUS_

o . 1
0,4 - OPUS _ OPUS_
GTTO_CONFERENCE2024_58_finaI 0,974 |Case: OPUS_PROGETTO_CONFERENCE2024_5S_fing|
02 - Point: 147 (not utilization compliant)
A=0,9950
= S . 0 9R I I T [
552613785
Life Support Cost Life Support Cost
REQUIREMENT REQUIREMENT
‘& —— + Probability of No Backorder (PNB) 2 90% - System Operation Availability (Ao) >98% |—e 15
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OPUS Results:

C/E-Curve Diagram

Availability

1,00

0,9950

0,99 A

0,98 4

What best practice for cost-effectiveness curve choice

— o
OPUS_ 4
=3

OPUS_

—a
OPUS_ 2

—
OPUS_ 1

L

®

S
O

discarded.

« Case 1 (9 stock sites)

0,97 4 Case: OPUS_PROGETTO_CONFERENCE2024_5S_fina| @
Point: 147 (not utilization compliant) [75)
)
©
A=0,9950 °
0,96 — 1 I T I T
Life Support Cost
VA
N~
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OPUS Results:

_ Nr ltem
(initial Stocky

- CENTRO1 e REQUIREMENT
1 CENTRO2 133
! CENTRO3 133 «  System Operation Availability (Ao) - 98%
1 NORD1 133 « Site Stock Volume - Max 250 spare parts units
1 NORD?2 133
1 NORD3 133
i 2352 iz: : REQUIREMENT Compliance
! EaBg 183 - Case lis discarded, for acquisition spare parts costs
2 CENTRO NORD 127 * Case 3 & Case 4 are discarded, for volumes
2 CENTRO SUD 226
2 NORD 225
2 SUD_A 228 =
2 SUD_B 228 Ssimlox |
3 CENTRO 269 apalisys
3 NORD 266 .,
2 SuD 269 e
4 ITALY 449 Al
’3(5 | According to OPUS results, case 2 best fits requirement — It needs a Simlox Analysis for more assessment J —e U
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Simlox Modeling
Operation profile

Systems

1,0

0,8
0,61
0,41
021

Total System-Hours:
8520.0

0,0

1

1

Total Mission-Hours:
8520.0

Mumber of Missions:

0.0 20000
Tl 110 = IR

Number of replication

500

Simulation Period (Years)

20

4000.0

6000,0

2000,0

100000 Hours

*l
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Simlox Results Not Critca

ID Case e
. . Availability
Case 1 Nr.9 stock sites Case 4 Nr.1 stock site (A0syenc)
» System States . System States 1 9 99%
Units: Total, ~ Systems: Each Units: Total, Systems: Each
120 % 120 % 2 5 50%
% omw] osT] ] —— o
100 % -
[2])
S 80% x - 4 1 45%
8 o 'o\ (@) BN Unavailable 80 % - B Unavailabl
(/>)\ S o\ — fen \o © navailable
S 60 % (\i‘ Y O :D 3 Ready
E <t [ On Mission Not Capable 60 % (o)) -
o Lr) '\ 6 [ On Mission Not Capable
-g 40 % () m ) On Mission Fully Gapable ™ 1 On Mission Fully Capable
3 R /. 40 % | o) S
(o] - >~
Ly N w l\ o
20 % o w 20 % | 2
~ 28 S
o)
0 /o SYSTEM_NG SveTEM! O % SYSTEM1 SYSTEM_NC
Total over all Units . -
OPUS_PROGETTO_CONFERENCE2024_9S _final Total over all Units
OPUS_PROGETTO_CONFERENCE2024_1S_final
Number of Systems Available Number of Systems Available
Units: Total,  Systems: Total Units: Total,  Systems: SYSTEM_NC
120 % 120 %
100 % 100 %
[2] 2]
§ 80% § 80%
2 2
i 2 60 %
Y= 0, =
; 60 % == Available g ° == Available
o o
E 40% E 0%
Z Z
20 % 20 %
- 0% @ 21

0 %
°0 25 BE:
Time [years] Time [years]




SImIOX RGSUltS ID Case %2:"0252
Case 1 - Nr.9 stock sites Case 2 - Nr.5 stock site

1 127 SUD
Stock Level Stock Level 2 212 SUD_B
ltems: Total,  Stations: Each ltems: Total,  Stations: CENTRO NORD; CENTRO SUD; NORD; SUD_A; SUD_B
160 300 3 243 SUD
140 1
4 354 ITALY
0 1201 250
£
2 100+ o 16,39 119,32] |22,58| |23,79]
© 80 == Backorders g 200
[9) — =
2 i In resupply S mm Backorders
£ 60 150 -
E =3 On hand =
< 40 3 £ In resupply
€ == On hand
20 1 2 100
0 4
g g g g g g _g g g O I Total over all ltems Total over all ltems Total over all ltems Total over all ltems Total over all ltems
& = = = = = = = &
SuD1 CENTRO1 NORD1 CENTRO3 NORD2 NORD3 CENTRO2 SuD3 SuD2 SuD_B SUD_A CENTRO SUD NORD CENTRO NORD
OPUS_PROGETTO_CONFERENCE2024_9S _final OPUS_PROGETTO_CONFERENCE2024_5S_final
Case 3 - Nr.3 stock sites Case 4 - Nr.1 stock site
Stock Level
Stock Level ltems: Total, Stations: ITALY
ltems: Total, Stations: CENTRO; NORD; SUD 500
300 450
250 33 87 25,02 | 400 95 : 05
£ 2001 £ %01
g £ 300
G 150 mm Backorders 8 250 == Backorders
g = In resupply 2 200 1 3 In resupply
E == On hand € == On hand
3 100 Z 150-
100
50 50
O Total over all ltems Total over all ltems Total over all ltems 0 Total over all ltems
CENTRO NORD ITALY
OPUS_PROGETTO_CONFERENCE2024_3S _final OPUS_PROGETTO_CONFERENCE2024_1S_final . 2 2




Simlox Results

ID Case Nr. of stock Not Critical Parts
sites Availability (Aogysnc)

1 £ 99% S REQUIREMENT

2 5 50%

3 3 48% * Not Critical Parts Availability (A0ogysnc) — 45%
4 1 45% » Site Stock Volume - Max 250 spare parts units

v

MEAN _ REQUIREMENT Compliance
Volume

127 SUD e Case 3is NOT discarded

1

2 212 SUD_B + Case 4is discarded
3 243 SUD

4 354 ITALY

, . ) i - > \ \’ /'
’3\5 | According to SIMLOX results, Case 3 best fits requirements — It needs a Catloc Analysis for more assessment I 0{)\ /
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Catloc Results

1 Stock Site | 3 Stock Site | 5 Stock Site | 9 Stock Site
20 Years Cased Case3 Case2 Casel
Cll, Item Investments 10.400,00 € 14.300,00 € 17.300,00 € 22.600,00 €
CND, Item Consumption Costs 300,00 € 300,00 € 300,00 € 300,00 €
CNO, Item Reordering Costs 100,00 € 100,00 € 100,00 € 100,00 €
CNS, Item Storage Costs 14.800,00 € 15.500,00 € 17.700,00 € 52.000,00 €
CNTI, ltem Transportation Costs 100,00 € 100,00 € 100,00 € 100,00 €
CNCSD, System Corrective Maintenance Costs Direct 800,00 € 800,00 € 800,00 € 800,00 €
CNCID, Item Corrective Maintenance Costs Direct 23.800,00 € 23.800,00 € 23.600,00 € 26.400,00 €
CNPSD, System Preventive Maintenance Costs Direct - € - € - € - €
CNPID, Item Preventive Maintenance Costs Direct 300,00 € 300,00 € 300,00 € 300,00 €
CDI, Item Depreciation Costs 20.900,00 € 28.800,00 € 34.700,00 € 45.400,00 €
Cost Cost
180.000. 60.000 ~
160.000. —
50.000 -
140.000. - Mo
[ cn n Costs
120.000. * = o 40.000 i
100.000. | B o
B o 30.000 -
80.000. f B o
60.000. e 20.000 -
[ cnpso, syster
40.000. R
B oo 10.000 -
20.000. _ _
P ) E 0 _ e — y
S 1 Stock Site | 3 Stock Site | 5 Stock Site | 9 Stock Site 1 Stock Site 3 Stock Site | 5 Stock Site | 9 Stock Site |

[ CNS, ftem Storage Costs
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Catloc Results
Case 1 Nr.9 stock sites

Case: OPUS_PROGETTO_CONFERENCE2024_9S_final

-
o

Case 2 Nr.5 stock site

Case: OPUS_PROGETTO_CONFERENCE2024_5S_final

Case 3 Nr.3 stock sites

Case: OPUS_PROGETTO_CONFERENCE2024_3S_final

3
>

Case 4 Nr.1 stock site

Case: OPUS_PROGETTO_CONFERENCE2024_1S_final

© 2022 Leonardo - Socleta per azioni

|lll Cll, ltem Investments

|lll CND, Item Consumption Costs

CNO, Item Reordering Costs

- CNS, Item Storage Costs

“ CNTI, Item Transportation Costs

“ CNCSD, System Corrective Maintenanc...

“ CNCID, Item Corrective Maintenance Co..

m CNPSD, System Preventive Maintenanc..

m CNPID, Item Preventive Maintenance C...

“ CDI, Item Depre ciation Costs




Catloc Results

% storage cost
40%
35%
30%
25%

20% -

15%

tolo asse

T

10%
5%
0%

Nr Stock Site

REQUIREMENT
« Site Storage Cost - Max € 2.500 (dummy)
REQUIREMENT Compliance

e Case 2is NOT discarded
* Case 3, Case 4 are discarded, for Storage Cost exceeding
e Case lisdiscarded, see OPUS results

STORAGE COST
Case4 - 1 Stock Case3 - 3 Stock Case?2 - 5 Stock Casel - 9 Stock

STATION Site Site Site Site
UNIT 1 800,00 € 900,00 € 900,00 € 1.500,00 €
UNIT 2 800,00 € 900,00 € 900,00 € 1.500,00 €
UNIT 3 800,00 € 900,00 € 1.400,00 € 1.500,00 €
UNIT 4 800,00 € 900,00 € 900,00 € 1.500,00 €
UNIT 5 800,00 € 900,00 € 900,00 € 1.500,00 €
UNIT 6 800,00 € 900,00 € 900,00 € 1.500,00 €
UNIT 7 800,00 € 900,00 € 900,00 € 1.500,00 €
UNIT 8 800,00 € 900,00 € 900,00 € 1.500,00 €
UNIT 9 800,00 € 900,00 € 900,00 € 1.500,00 €
NORD1 - € - € - € 1.300,00 €
NORD?2 - - - 1.300,00 €
NORD3 - € - € - € 1.300,00 €
CENTRO1 - € - € - € 1.300,00 €
CENTRO?2 - € - € - € 1.300,00 €
CENTRO3 - € - € - € 1.300,00 €
SUD1 - € - € - € 1.400,00 €
SUD2 - € - € - € 1.300,00 €
SUD3 - € - € - € 1.300,00 €
SUD A - € - € 2.300,00 € - €
SUD B - € - € 2.300,00 € - €
CENTRO
NORD - € - € 1.300,00 € - €
CENTRO SUD - € - € 2.300,00 € - €
NORD - € 2.700,00 € 2.300,00 € - €
CENTRO - € 2.700,00 € - € - €
SUD - € 2.700,00 € - € - €
ITALY 4.500,00 € - € - € - €

o 27

According to CATLOC results, Case 2 best fits requirements — END OPUS Suite Evaluation

e
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Conclusion and Improvements

Optimized Logistic Organization Structure

%) X

cost

Z . S Spare Volume (D OPUS SIMLOX  |CATLOC
A < ) Maxsite SOLUTION

Spare Volume @ Case 4 discarded PNB Ao/Cost|Max num.Spare Ao_not crit [storage

Case 3 NOT
>90% >98% 250 >45% 2.500€

Case3 and Case 4

discarded discarded — v x 71v vz " x
v | Y V|V |V Y |V v
wes |V [ V[V | v [ R ®
wes |V [V [ | .3

PNB-Ao-Cost Case 1 Ao not critical set C'\gz)é g?gg%aggﬁ
Discarded Case 4 Discarded discarded

Supportstrategy for ITEM 29

[ ey T
H
H

REORDER

CENTRO SUD.

Solution: Case2 — Nr5 Stock Site
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