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Its all about Overcoming Failure!

Does the Support meet the various

operational mission profiles?

* What system design and configuration
are optimal from a supportability
perspective?

* How will Operational Availability (Ao)
change over time and how do | manage
it?

@Does this “Digital Twin” match the
Fleet’s Physical Configuration?

: ~ Are we getting the correct “Digital
= | Thread” data for analysis and

Which system elements are the cost
drivers?

How many technicians do | need and
where?

What and how many spare parts
should | keep on ship?

Presentation Copyright US Navy 2023



5/7/23

oduC;.
ST,

s The “Fabric” of Information
——- Multi-directional “ Bills of Information” that supports Operations and Analytics

O&SBOI
FRACAS
O-Level
I-Level
__D:Level
T

k.oo
<
=

. . '\'" eee, o
“TEMP R
P DT&E *3%

-
™ -
Voo ————

j i

o i
= QT
I‘n .-.

“ripsBOIt LA
« * “MBPS
S T

. R d.es‘"‘.terface Psvin susEng ;uf)sprt

PH,S&T
— -

MP&M' Man&Pper
supEquipt itscSprt

tatSpyt Fae&iInf

eRODUC,.
. S
o >

%

L] L]
ops - Digital Product Support
Z- The Application: ePLM IDE
enterprise Product Lifecycle Management (ePLM) Integrated Decision Environment (IDE)
> A consistent set of business solutions that support the > Incorporates key system and support data
collaborative creation, management, OHQ - (i.e. reliability, maintainability, cosi, and
dls§e.n:una_tlon, and' use of prqduct 2 s Traceabiligy stipply (_:hain) with RAMl—Cl Modeling and
definition information, spanning from e“\\\w.‘“ b Simulation tools for decision makers to
QU

product concept to end of life

» Provides a structured, authoritative
product information backbone for
weapons systems

» Rigorous configuration management
of a weapon system top-down
breakdown and all of its associated
technical / product data

» Maintains traceability of all analysis
and decisions throughout a weapon
system’s life cycle

determine lifecycle cost and readiness
impacts of critical design and support
modifications
@ > Supportability / RAM-C analysis to influence
design for supportability and affordability
\ » Perform root cause analysis and implement
materiel and non-materiel changes as
necessary in sustainment
» Predictive analysis to optimize readiness and
7' life cycle cost
» Integrated with PLM application to establish
critical links between configuration changes,
system baselines, and supporting analysis

Functionally, ePLM IDE was designed to provide a common enterprise product model capability (digital twin), facilitating bi-
directional traceability (digital thread) to more efficiently manage the digital models throughout the lifecycle, and provide a
common data decision environment to address escalating life cycle cost growth across the Navy.
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Analysis, Modeling & Simulation

The “Digital Thread” serves as a
“living” information rich
environment, continually
delivering information for Analysis,
Modeling & Simulation (A, M&S) to
influence critical design and
support decisions across the
lifecycle.

» Product data and associated
information enables Reliability,
Availability, Maintainability (RAM)
and Product Support Analysis
(PSA) analytics, processes and
members all working from the
same “sheet of music”.

» Technical planning and decision-
making in the IPTs where System
Engineers and Product Support
Teams collaborate.

» Resulting Changes update the

configuration and derive the
metrics of a new “digital thread”.

Leveraging the “Digital Twin” & “Digital Thread”
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Checkin’ in with the Digital Twin

A Day in the Life of a Digitally Transformed PS Team

Somewhere in the World |Actions | ig) |_ibrary - UIC Library, EPLMIDE
CVN 77 UAV CONOPS: = Folders (3 object = Folder Contents A - &
UAV OPS RESTRICTED: = = -

f L [ CJ wJ G (| Sk | Actions
Inte.rml.ttent loss of UAV_ Name 1 New Document New Part New Change Request New Review New Folder Copy Add to Workspace
navigational control on final —

. . D&, UIC Library (] Number... Name Version State
approach resulting in damage to = [[) & 23168  LPD 18-NEW ORLEANS i) -1(Engineering) Active
payload, landing gear and =3 Documents _

X (] |‘”} 23170  CVN 77-GEORGE H W BUSH i) -1(Engineering) Active |
potential loss of UAV. ~ Parts < =
Initial indications at the O & I Level [ & 23171 LHD 8-MAKIN ISLAND i) -1(Engineering) Active
identify the thermostat control as ‘ » [ & 23172 SSN778-NEW HAMPSHIRE i) -1(Engineering) Active
a potential leading cause. [0 & 23173  CVN78-GERALD RFORD i) -1(Engineering) Active

D ‘} 23180 LPD 24-ARLINGTON i, -1 (Englneerlng) Active
Lets Start with our Digital gt el A o A e e
Twin: Y Fied Oiecs | Chanes | Hisory | WhereUsed | Tcesbitty
1. Location of the Strike Editing Check Out/in Clipboard Viewing New/Add To
' . 4k Insert Existing Remove | [} Check Out (&l Revise W @ show v [ff] Views - ' &
Talon UAV within the Fleet ) InsertNew ~ / Edit £ My Checkouts | Paste = X Hide [] pispia A s
e v o it v Check v V Ul L I e W
2. Review the Thermostat = LA kaste = cony =i b Bl |1
Control ‘Fmd in Structure ‘ Vv A Al Advanced v
3. L(?v.erage the FRACAS Identity CAGE Code Number Name
Digital Thread 4 §123170, CVN 77-GEORGE H W BUSH, EPLMIDE, -1 (Engineering)  EPLMIDE 21660 CVN 77-GEORGE H W BUSH
|.} SYSTEM-000_01, STRIKE TALON, EPLMIDE, - 3 (Engineering)  EPLMIDE SYSTEM-000_01 STRIKE TALONI
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Actions~ | & Part - SYSTEM-000_01, STRIKE TALON|
[oect | EGTEI s o | e | sy
Editing Check Out/in

b Insert Existing e | [Y checkout (@ Revise
G InsertNew ~ / Edit ~ CheckIn ~ [ My Checkouts

thermostat X W A Al Advanced »

Identity
4 &} SYSTEM-000_01, STRIKE TALON, EPLMIDE, -3 (Engineering)
{5k AF-UAV-21_01, AIRFRAME ST UAV, EPLMIDE, -.1 (Engineering)
{5k AV-402-001_01, AVIONICS, RT402, EPLMIDE, -1 (Engineering)
{34 EN-501C_01, ENGINE, LTS 501, EPLMIDE, -2 (Engineering)
{5% ENV-UAV-221_01, CONTROL SYSTEM ENVI, EPLMIDE, - 2 (Eng
{54 FCS-002145_01, ACTUATION FLIGHT CO, EPLMIDE, -.1 (Engine
{54 FL-ST-D00_01, SYSTEM FUEL ST UAV, EPLMIDE, - 2 (Engineeril
{54 HMS-3312_01, MONITORING HEALTH SYSTEM, EPLMIDE, -1 (
{5% SLG-UAV-D01_01, SYSTEM LANDING GEAR UAV, EPLMIDE, -2
4 {5} ST-UAV-COMNAV-D01_01, COMINAV, EPLMIDE, -2
{54 104747-IFF-42_01, IFF SYSTEM AN/SPG-4X, EPLMIDE, -2 (§
4 {3 104747_01, UHF/SATCOM, EPLMIDE, -.2 (Engineering)
{54 104747-101_01, RIT UHF SATCOM, EPLMIDE, -2 (Enging
{54 104747-102_01, ASSEMBLY ANTENNA RELAY, EPLMIDE]
4 {3} 104747-AUX-109_01, ASSEMBLY AUX COOLING, EPLMI|
{54 104747-FAN-110_01, FAN COOLING 2 AMP, EPLMIDE

{4 23451-25_01, HEAT SUMP, EPLMIDE, -.1 (Engineering

1;:,}66F060-0431701~ THERMOSTAT CONTROL, EPLMII
4g¢ CDE2450_01, RELAY FAN, EPLMIDE, -.1 (Engineering
‘Lﬁ} NPRD-68756_01, PLENUM, EPLMIDE, - 2 (Engineerin

A Day in the Life of a Digitally Transformed Team
Checkin’ in with the Digital Twin: Preparing for RAM Analysis

Actons~| & Part - 66F060-0431_01, THERMOSTAT CONTRY [xcions. | {3 Part - 66F060-0431_01, THERMOSTAT CONTROL
EPLMIDE, -.2 (Engineering) EPLMIDE. -.2 (Engine_eril;g) )
)
Released
[ Detsits | structure [REMTIINENY Changes | ristory | wr ¢
Described By Documents | Reference m Related Objects | LIV I
Documents | CAD/Dynamic
Documents | Alternates | Substitutes Where Used
= Described By Documents Default =
- — = Where Used Latest . (5 objects|
i i} = I [ b
Add Associate New Remove Copy Paste Paste Selection v )
(=] Number 4 Version 1 gk Ex;nd Cu]gpse Cony Actions » Find in tree »]
[ 5] e6F060-0431_01 -1 Thermostat Drawing -
Number Name
Ej —] TM 7610-LL-L1A-0018_01 -1 TM 7610-LL-L1A-0018
358 ssr050.0631 01 THERMOSTAT CONTROL
. _
(0 objects selected ) 35k 104747-a0x-108_01 ASSEMBLY AUX COOLING
=R UHF/SATCOM
104747_01
= Reference Documents  Default = 04747_0
= : - m@ m S 345 sTuav.comnav-or_o1 | COMMNAY
Add Associate New Remove Copy Paste Paste Selection
— 3 o\ STRIKE TALON
(=] Number Version Name O ﬁ SYSTEM-000_01
\i/ _J 0000202225 -1 Weibull Reliability Growth Use Case 5
[ 5] 0000202224 -1 Top10_Risk Priority
Number_Thermostat FINAL
[ 5] 0000202218 -1 Risk Criticality Matrix_Thermostat
FINAL
(] _] 0000202217 =2 Aux Cooling Thermostat Cost Analysis

(0 objects selected )

= CAD/Dynamic Documents Default

- The Living “Digital Twin” & “Digital Thread”:

RAM-C Analysis, Modeling & Simulation

Reliability, Availability,
Maintainability-Cost (RAM-C)
leveraging the Digital Twin &
Thread together via key system
and support data (i.e. reliability,
maintainability, cost, and supply
chain) with RAM-C Modeling
and Simulation capabilities
provides decision makers the
ability to do “what-if”
Engineering analysis to
determine lifecycle cost and
readiness impacts of critical
design and support
modifications.

Weapon System

PRODUCTl #§3 Antenna

STRUCTURE %

OBJECTS awer Spply
=)= (-) Requirements
| = (. Failure Trend Analysis
B)—- :. T&E Results

DOCUMENT 5] — (&) Drawing
OBJECTS 1 — @ CAD Model

- €p Technical Manual Content

BOM Problem

FRACAS

Re. orld
‘erformance

Faults

Failure
Rates

—

Failure Rate

Life data set

WEIBULL

Actual MTBF,
ility, e

MITR MAINTAINABILITY [PHl .

Maintenance
ost

MARKOV

L

CHANGE —J-|_§' Related ECPs
OBJECTS [ g

Jl._L:.' Related Change
-L_-., Activities
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s Digital Thread in Action:

RAM: Failure Reporting Analysis & Corrective Action Analysis

O L) L) L s L) [ L O n min®
Farthumber  Faddure fate, Predicted | MTSF Predict  Failere Rate (FRACAS) MTEE Actual | Cost Paceet Assembly Masufacturer | Descrigtion Configuraton | Level ESWSS FSC | NIN
RIT UNF SITCOM 104747-101 45016765 0000000 0000000 $0.00 UNF/SATCOM 4
ASSEMBLY ANTENNA RELEY 104747102 6135814 0000000 0000000 $0.00 UHF/SATCOM _ UAY Downlink 0
S ASSOMBLY AUX COOUNG 247108 32387 743714 1 0000000 41852992 $9,310.00 |UNF/SATCOM Arpex 4
—_— — — = —— — =
66F050-0431 7344720274 136 Q000000 49509900 $0.00  ASSEMELY AUX COOUNG Arpax B | |
Coe2e50 0464000 163006 0000000 272308443 S0.00 ASSEMBLY AUX COCUNG eay B
enaaceras «oveven swany Arveen A neeeee enmn e P «
Strike Talon incidentio: | Inc001
incident Entry w
1 ttachment
THERMOSTAT CONTROL V| | CASKEP Wumber O L
20234111 Location v 2Kilo Report Direct Support
Meter Reading 2 Eswis Whes Discovered Code " Beterence
Foilure Symptonc | Overhewting Open Date of the fepart w ContactOwte )/ — e~ B
Failure Detecticn. | Operator Senses e Details:
. ¥ Priority Code:
O e Failure Classification
Cccurrence Dare Time Tofailuse: | 4100 t Faure Mode
Action Taken Code
Descripsion, incident Remarks, InCioent Entry. Fadure Classicanca:
Thermastat Fan Faiied, replaced on ste Pertorm falure review and cetngoraason & scoring 1o S Relevast Category:
assign Faure Mode, Relevasce, and Critcaliy B
(hargeable Categery
CSMP Narratie:
Non Relevant Category
Won Charpeatie Category
Maintenance Log [rcliowvp Recuired (see P8 Actiors)
¥ incicenm Maistenarce Log ID | CASREP Number Maintenance Start _ Symotom Sebsssembly | Part Deficiescy Acticos Taken Remarks
1 IncO01 Mainogl 1/5/2012 Overheatng THERMOSTAT AN Short |Rolaced Thermostat fan
= <Click here 5 nsert » sew record >

L eRODUC, ;-

OPs Digital Thread in Action:

RAM: Failure Reporting Analysis & Corrective Action Analysis

. a8 B
MITR(Mai Falure Rat Pusest Assenbly "

ud u i n b L
Parthursber Sy e ers Fulure Rate Preficnd  MTEE Dredicnd

: 4503785 43 0000000 UMF/SATCOM
SH) ASSENB ANTINNA S0 02 26135814 44 0000000 WF/SACOM
ASSEMELY A COOUNG 104747-A0n- 32357743714 a8 0000000 UFSATCOM
2 ELCo0uNG2 e 10005 2500000 u 9
 THERNOSTAT CONTROL £67060-0431 344720074 Thermasiat  Arpac 1
LR e 0] o A G
506558724 6000000 43 0000000 ASSENELY AUX COOUNG
or0sE232V 2020000 3 0000000 ASSEMELY AU COOUNG
1345128 2000500 A Carporat A1 0000000 ASSEMERY AU COOUNG
WADSEISE Srsten1Ls 538939 A5 000000 ASSENERY AU COOUNG
SH_ssseusw uw STTou Sistersd 5561774 5 0000000 WMF/SATCOM v
;
0 1 sytem Tree tems _mw: ‘*m’«mm ‘UWI ‘wﬂﬂh ‘ﬂ"t' 7 Problems. 40
FRACAS Incidents
Bad ML o ML ML g " sl 08 ML ML ML CL v
Occurrence Dete FolweMode  System Composent Serlal Wember Closed?  Acton Taken Clase Ost trd Date Time Tofail. | Cumelatve folur_ | Problen Parent Assermtly "
maiithe
i @ won 012 moraper Otput  ASSEMIKY AUX COOUNG B |ouwetn our ot e a0/ oK ASSEMICY AUX COOUNG

wes

2 3 o improper Ovtput  ASSEMKY AUX COOUNG B CUNGED OUT Thermost T0.00 Thermostat fan Falle ASSEMIKY AUX.COOUNG
3 2 w03 ASSEMBC AU COOUNG 2 9000 Thermestat Fan Faike... ASSEMBCY AUX COOUNG
O e ASSEMCY AU COOUNG 2 . ASSEMBCY AUX COOUNG
S @ nooos ASSUMB AT COOUNG 2 .. ASSEME AUX COOUNG
6 2 w6 ASSEME AU COOUNG 2 o ASSEMBCY AUX COOUNG
e Electrical Overstre ASSEVISEY AUX COOUNG 2 o ASSEMBUY AUX COOUNG
O mpraper Oy ASSEMCY AU COOUNG 2 v ASSEMBU MUY COOUNG
0 . o erecied p ' o a5

10 e . o]

1 . s - oou o]

12 Thermostat Foe Bl e ASSEM AU COOUNG 2 ASSEMBU AU COOUNG
it Thermarat Fas Faled, . Electrical Overstre. ASSEVUY AU COOUNG B CHANGED OUT Thermesty ASSEMB AUX COOUNG
14 Thermostat Fan Failed, . Blectrical Overstre. ASSEMSUY AU COOUNG B CUNGED OUT Therm 1000 ASSEMBLY AUX COOUNG
15 e . LMY AT COOUW o t p Y CO

15 6 . oo 1 COOUM o

1 3 - 0




FMEA Worisneet
e i g8 g8 B @
FMECA: Evaluation of the ackn” {Fochil . | o :“*:"’
pxtended effects of
Failures resultinginthe  * e
oss of functionality that " o
Hirectly impacts the ability “ lanad L
pf the system to meet
equirements. B Wes
P Failure Modes listed by i
function or system
component
i erd] oprategleny RELYEAN  Modedd
P Analysis to determine 2’“
next and higher level
effects as well as
qualitative and
quantitative criticality ~ " i
assignment.
] ers AW Mode?
COMMNY com

gl
faheModk

Aedoced Eagne Cocling Flow
SndingYacorg

mgrop Vs

mgroper Qurrest

trgrope Ot

Shorted Relay Fan

festricied Outet

Disconeeced Surp

s
Mode ferc... Local Efect
3406 Engne Overbens

6000 Cooling fan does net spin

10000 Redueed COMNAY Cocling Flow

18 Fh lncpenabe

10000 feduced COMMNA Cocling Flow

10000 COMNAY component nt cocled

L)
Next Efect
Reduction of UAY Hours

COMAY e

COMAY prar ovtdeats:
COMNAY e &

phents

COMNA prar

COMNA poae

COMNY e ovsbests

COMNY o vederts

B00¢
LR LR EN BN BNED

Cusecffalure  Severly Ocu.. Defect. RFM | Mode Crixc
Falkre 0 #1607
Costamingticn  CATEGORY ! W BN
Loss of UAY ravigaend 1 i 0 187
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“se—e- RAM: Fault Tree Analysis

System Tree Iltems
Fiter 1 g @)

Name

FTA: Examine combinations
of hardware / software
failures, environmental,
human, and other impacts

7]

ASSEMBLY AUX COOLING
) FAN COOLING 2 AMP
) THERMOSTAT CONTROL
@ RELaY FAN

Digital Thread in Action:

=8

Part Number
104747-A0%-109
104747-FAN-110
667060-0431
CoE2450

1 O\ system Tree tems | 7] FMEATable | ] FMEATree ltems -System | & RBDTable | &

=8

Failure Rate, Predicted
32357.743714
25000,000000
7344720274

=8

0.464000.
RaD Blocks | A

MTSF, Predicted

=8 =8 =8 =8 =8 =]
MTBF (Actual) | Reference Designa... | Description | Manufacturer | Failure Rate .. | Parent Assembly
31| 136152224 | COMNAVIS ~MANUFACTU. 0.000000| UHF/SATCOM
2 0.000000 COMNAVI3L ~MANUFACTU. 0.000000 ASSEMBLY AUX COOLING
136 136152224 | COMNAVIS2 Thermostat | Airpax 0.000000 | ASSEMBLY AUX COOLING
2¢1006. 0.000000| COMNAV133 Relay 0.000000 ASSEMBLY AUX COOLING
FrATabIe[ J Problems

that contribute to the

_ FTA Diagram - Gate1
undesired top-level event.

* Focuses on all possible
system failures of an
undesired top event.

Defines the contributing
factors.

Combined with critical
failure modes from a
FMECA can clarify where
resources would have the
most impact in preventing
or reducing the likelihood
of that failure in the
future.

1« 1] FMEAWorksheet | &

RBD Diogram. A FTA Diogram | 7 FRACAS Incidents | ()

T pe—
B ——
>

Engine Overhest

Hot Coolant Fluid
Gai

Low Fuid

Eventi

Wission O or hours
reduced

Gatel

Toss o UAV
Navigational Contral

COMJNAV Gear
ey o SATCOM Downlink kst

Gate0 Eventis

Planum Fiter
pie Reduced Airfow

G 3

COMJNAV Hesk Sump
amsged

Event

@

WidEast Desert Sand

Granules

Eventit

Foraign Object Dabris Cosling Fan Doss Not
present Ingested Plenum Restricted Spin
Eventiz a3 Gatss

dng Times | 7 FRACAS

A

1
1idEast Desert 5and | [ Foraian Object Debris
Ingested

Toss o Thermastat
Granuls present Faisd Fan AT
[ Event2 FOD on Runway. Euntt g

-
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gps‘ - Digital Thread in Action:

RAM: Reliability Block Modeling

System Tree ltems

predicted failure rate

RBD Diagram - UAV Partial

RBM: Modeling of riter B @ 8 =8 =8 =8 =8 =8 =8 =8 =8
d sub Name Part Number Failure Rate, Predicted | MTBE, Predicted MTBF (Actual) | Reference Designa... | Description | Manufacturer | Failure Rate ... | Parent Assembly
components and sub- ) ASSEMBLY ANTENNA RELAY 104747-102 26135814 38262 0.000000| COMNAV12 AV Downli 0.000000 | UHF/SATCOM
H : S ASSEMBLY AUX COOLING 104747-AUX-109 32357743714 31 136152224 COMNAVI3 ~“MANUFACTU... 0.000000 UHF/SATCOM

system failures combined to @ FAN COOLING 2 AMP 104747-FAN-110 25000000000 ) 0.000000| COMNAV131 ~“MANUFACTU.. 0.000000 | ASSEMBLY AUX COOLING

cause overall system failure. ] THERMOSTAT CONTROL 66F060-0431 7344720274 136 136.152224| COMNAV132 Thermostat | Airpax 0000000 ASSEMBLY AUX COOLING
G RELAYFAN CDE2450 0.464000 2e+006 0.000000 COMNAV133 Relay 0.000000  ASSEMBLY AUX COOLING
@ COOLING OUTLET 5066587-24 6.000000 166667 0.000000| COMNAV134 0.000000 | ASSEMBLY AUX COOLING

e Can start with the initial 1« O\ [ systemTree ttems LI._‘I FMEATable LL_‘I FMEA Tree Items - System L; RBDTtheL; RBDBIMKSLA FTATable L\'i Problems

6 1l 7 kL8

established in the “Digital | t-tt-teiot 2 iia il
Twin” | ol
- e

Failure rates of each block |-
may be linked to -
specified, predicted, or
actual (FRACAS) values.

1::2 Parallel
Switch Prob: 1

Quantifies reliability and |-
compares system
performance to baseline. |-

-- RBD Calculation Results --
MTTR:0.33761

Calculation method:Analytical
1000 Iterations Completed

-- Results at Time 1000.00 --
Reliability:0.994883
Unreliability:0.005117
Failure rate:7.792059
Availability: 1
Unavailability:1.89525€-7
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~ The Living “Digital Twin” & “Digital Thread”:

PSA Analysis, Modeling & Simulation

> Control of complex program decisions, ROI
analysis, and realistic cost/performance 'é
optimization studies. b « OPTIMIZE THE PERFORMANCE
25 Weapon System (O AND PRODUCT SUPPORT
‘L-vb Apon 3y (Nl CONCEPT OVER TIME
PRODUCT 1i-(‘,is;}}fmtenna E « DIMENSION FACILITIES,
STRUCTURE N o PERSONNEL, EQUIPMENT, ETC
OBIECTS {pomer suply (3 - MANPOWER TRADE STUDIES
- —|— (-) Requirements S
- o= 1@ Failure Trend Analysis
- ol— \f' T&E Results
- B — ‘;) Drawing
Dgg‘fg"gg” | (7] — @ CAD Model OF REPAR ANALYSIS
. « LEVEL OF REPAIR ANALYSI
- _‘_ ﬁ‘ Technical Manual Content « RESOURCE OPTIMIZATION
- « MISSION SIMULATION
- 'Lfl' Related ECPs « READINESS BASED
FETE OPTIMIZATION-SPARES AND
L@ REPAIR RESOURCES
'Lﬁ T Related Change « CONDUCT TRADE STUDIES AND
Ly Activities BUSINESS CASE ANALYSIS
_‘E@i\:ﬁve Sensor
g Gircuit Card fall - LIFE CYCLE COST ANALYSES
% Processor Unit « COST RELATED TO KEY
(o]
i i i i PERFORMANCE PARAMETERS
> Defer.15|ble Mod'ellng ar}d Slml.!|?tlon Sl FROFTT /COST: VB
solution to provide senior decision makers I . BUDGET & FORECASTS
with ROI analysis, cost/performance trades [l * COMPARING SOLUTIONS
- P « COST CONTROL
and supportability optimization for program

Operational
Limitations

== Lost Attition
== Active Repair

= Active PM

3 Awaiting Resources
= Avaiting ltems.

= Ready

3 Mission Assigned

4 | = on Mission

C/E-Curve Diagram

1000 2000 3000 4000

o e

Eanple

Compare

e aoone, Zuntoon

Economic Impacts

2sutu0n

Lits Suopon Cost:

5000 6000 7.000 8000 9000

Time [hours]

Cost o nvestiment n Suppor Resoues.

o
System Availability
and LCC
p
by
e

S 4CIA-CD I Il

o

Vel Contof Conctve Mainenance YT
Yeaty Costo Frover M
Ve Costo Consumy s CrRPLCTRS
Vel Costof Adirission x
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ps - Understanding the Support Organization

o

Modeling the Support
Organization Structure:
Provides an Analysis of
Alternatives that directly
impacts Material Availability
(Am) and Operational
Availability (Ao) Is my Support
Structure optimized to
deliver?

INPUTS:

* System Description
* Item Structure

* Support Policies

Utilizing the Outputs:

* Alternatives of storage
facilities

* Optimize transportation
modes to the types of stock

* Relationship of different
item lead times

A

Modeling affects on performance

® File fde Yiew Data Jools Mindow Help

O ASKAL 1ey 3

Jelrs 9w rdl ¢

x

#

Rem Structure

~

ROOT. v ot
BLOCK_ 7502, Rodr Sute Cortoler (RSE) byt
Ly

BLOCK_1002. Radar Sute Cortroller (RSC) Serve
BLOCK_1206. Radyr Sute Cortroler (RSC

SOFTWARE_RSC. Radar Sute Cor
BLOCK_2410. Radyr Sute Cortroler (RSC

BLOCK_10GE _$%P_SR_PAIR, Sme
A7) PEO/BSUISTINN, Hewet:
A(F) RL_PEOS. Redundarcy bk |
PEOL/B624397:314, ¢
)—@a‘%ﬂ_zm Y0GE Dusl Port Adsg
PEQV624397303, 10GE O

BLOCK 2412, Hard Disk Drves (HDDs)
PEOS/HS05767-107, Hewlett Packe
BLOCK L5604, Hewdet Packard (HP) D
p{T] PE2/H50576743, Hewlett-Packan

(—2{T] PES2B624397313. Hawes Packa
({0 PESLR62497:06, Hewlen Packa

() RL_PES2. Redundancy Irk RL_PE
PESYB62437319, Howlee

)—‘@ném Redundancy ink RL_PE
PESI/3624397-326. Hewlett-
BLOCK 2511, Rad Sute Cortoler (RSC) Aechn

BLOCK_4501, Radyr Sute Cortroler (RSC

BLOCK_10GE_S7P_SR_PAIR. Set
AT PEOUBE29TINN, Howlen
A(3) RL_PEO, Redundancy Irk |

PEOL/B624397314.

)—EBL‘%CKJ?IT 10GE Dual Port Adsy
PEQ3/8624397-303, 0GED ¥
>

Cuarsty Symes 1D
1 AMDR

1

4

MD

I [)

A

v

"Caoite Model [Frsen | Repot | mpet/Brpon | Compae | Mac_|

3
["sto [Tmec] sure
| 0|

15

4 PRODUC

"oop§ Cost Effectiveness Curve

Modeling the Cost of Operational Availability

Model the overall system
Life Support Costs critical to
achieving Ao:

* Model different design
decisions in terms of their
impact on maintenance

needs, system performance

life investments and
support costs.
Evaluations of the life
support cost (LSC) are
important parts of

analyzing the total life cycle

cost (LCC), especially as

operation and maintenance

costs typically constitute
60-70% of the total cost of
ownership for a system.
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OPS

CE Curve: Increasing System Reliability

- Modeling the Cost of Operational Availability

Collaboration by

Product Support and —

® [ JRO0T Fitive ot
O—C]smwmsmmnscwﬂ
=

Engineering

Analyze how a certain

solution and/or

potential changes to

different support

criteria can predict how
the cost and efficiency

of a solution are
impacted.

Evaluating alternatives
of increasing Reliability
to reduce the cost of:

* Stock

* Maintenance
* Personnel

* Storage

* Transportation costs ¢ > |«

* Time
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CE Curve: Increasing System Reliability

Modeling the Cost of Availability

Collaboration by
Product Support
and Engineering

Evaluate
provisioning
/spares based on
system reliability
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eRODUC, o
Sty

CE Curve: Readiness Based Sparing

Modeling Readiness by Stock Alternatives

Model the overall — P— — 85.37% Readiness 89.91% Readiness 94.83% Readiness 97.04% Readiness
Total Cost ~ FRT[1/MHour] Total Cost FRT[1/MHour] QTY | Total Cost FRT [1/MHour) Total Cost  FRT [1/MHour]
R TOTALCOST $6,212,834.78
system Life $5100, INVERTER |, 115VAC 60HZ, 1PHASE $4,272.00 X 0L010101 0 S0.00 L0001 0 101010101 101010101
Support Costs 1215-20, INVERT R, 115VAC, 60HZ, 1 PHASE $5,49200 | $0.00 101010101 0 $0.00 100010000 0 $0.00 101010101 0 $0.00 100010001 0
EMRO1EZ0040-003 INSTL, WIRE HARNESS, INTERNAL CABIN, EMD $738.00 | $26,568.00 142736 36 | $26568.00 142736 36 | $27,306.00 1427.36 37 | $28,044.00 142735 38
critical to ca001 WostIoa1 |_EMRO1E20045, GEOMETRICAL BUNDLE, INSTL, WIRE .
.. - HARNESS, AFT FUSELAGE 73800 | $0.00 34.01244856 $000 340024485 0 $0.00 340120485 0 $0.00 340120485 0
achlevmg Ao: 3001 WOSLIOAL |_EMRO1EZ0045, GEOMETRICAL BUNDLE, INSTL, WIRE .
« Level of Re pairs 1oso-L HARNESS, AFT FUSELAGE §738.00 | $0.00 34.01204856 $0.00 34014856 0 $0.00 340124485 0 $0.00 340120485 0
(01£20045, GEOMETRICAL BUNDLE, INSTL, WIRE HARNESS,
GBOOL_W20196_EM 0
Ana Iy5| s by - IAFT FUSELAGE $1800|  $0.00 34,01204856 $000 34008856 0 $0.00 302485 0 $0.00 380020485 0
$125-A02-SF-S, PS SPLITTER, 1X2 $336.00 | $336.00 556008 1 $336.00 55630038 1 $672.00 556008 2 $672.00 55630038 2
location P12198-003, HEA SET, IRIDIUM $675.00 | 67500 6598917777 1 $675.00 6598917777 1 $675.00 6598917777 1 $675.00 6598917777 1
42228-05, HAND (ONTROLLER for MX-15HDI EOIR Sensor $10,4000 | $0.00 00 $0.00 0 0 $0.00 0 0 $0.00 50 0
* Spares by 8408990-1, GPS, C-MiGITS I $330400 | 5000 1063829787 0 $0.00 1063829787 0 $0.00 1063829787 0 $0.00 1063829787 0
. $65-6282-3016Y, IANTENNA, RHCP AND LHCP (I/T) $3,958.00 | $0.00 0 0 $0.00 0 0 $0.00 0 0 $0.00 0 0
Readiness and / 109279-01, ANTE NA, PHASED ARRAY $166,291.00 | $166,291.00 4 1 | $166291.00 40 1| $166291.00 40 1 | $166,291.00 0 1
or by location $65-8282-301, A TENNA, L-BAND $3,958.00 | $3,958.00 20 1 | $3958.00 01 | $791600 20 2 | $791600 0 2
ATLIM-10-TF, AT ENUATOR, 1008 $15000 | $15000 7919976557 1 $15000  7.919976557 1 $15000  7.919976557 1 $15000 7919976557 1
EMROIM13840-101 CABIN RF SWITCH PANEL $50000 | 950000 236670457 1 $50000 2366701457 1 $50000 236670457 1 $50000 2366701457 1
HFBO75100A, BAL N (SINGLE) $80000 | $0.00 6666711111 0 $000 666671111 0 $0.00 6666711111 0 $0.00 6666711111 0
HFBO751008, BAL N (DUAL) $80000 | $80000 133333333 1 S000 1333333333 0 $600.00 1333333333 1 $80000 133333333 1
01-01664-001, A TENNA, CRPA $66593.00 | $66,592.00  G6.66666667 1 | $66593.00  G6.66666667 1 | $66593.00 6666666667 1 | $133186.00  Ge.66666667 2
10553-1300-02, N/PRC-117 RADIO KEYBOARD DISPLAY(KDU) FALCON Il $49200 | $49200 7939973798 1 $49200  7.939973798 1 $984.00 | 7.939973798 2 $98400  7.939973798 2
FAM-1424, AMPLI £R, DUAL BIDIRECTIONAL, METROPOLE $153%000 | $0.00 0w 0 $0.00 W 0 $0.00 0 0 $0.00 w0
12-210P98, ANTE NA, DF ARRAY AND ACQ HIGH BAND $10,000.00 | $30,000.00 20 3| $0,00000 0 3| $3000000 20 3| $0,00000 0 3
015-10306-001, NTENNA, IRIDIUM $635.00 | $1,270.00 20 2 | s127000 0 2 | s12m00 20 2 | s127000 0 2
AV201-10, ANTEN A, FM/VHF/UHF/EPLRS/L-BAND $357100 | $3,571.00 0 1 | $35700 01| $714200 20 2 | $71200 0 2
DM NIS0-10-2, A TENNA, DM N150-10-2, IFF $20000 | $200.00 w0 1 $200.00 w0 1 $200.00 0 1 $200.00 w0 1
EMROIM13860-101 CABIN ZEROIZE PANEL $50000 | $500.00 8 1 $500.00 8 1 | $1,00000 8 2 | $1,00000 38 2
SW-22050, CONVE TER, VGA-NTSC VIDEO $50.00 | $100.00 0 2 $100.00 w0 2 $100.00 0 2 $100.00 w2
55LS1-012M1, CO VERTER, 28VDC TO 12VDC $1,93200 | $0.00 16.66666667 0 $0.00 1666666667 0 $0.00 1666666667 0 | $193200 1666666667 1
3313-A5-450-1, ONTROL INDICATOR, AAR-57 $260081.00 | $0.00 399712 0 $0.00 3599972 0 | $26008L00 35999712 1 | $260,08L00 35999712 1
31-200341-01, D TECTING SET CONTROL $6,03.00 | $603800 138304639 1 | $6038.00 1389004639 1 | $503800 1389004639 1 | $6,03800 138900463 1
5, FASTENER ASSEMBLY, INSTL, WIRE HARNESS, AFT
FAQ02_EMROLEZOD 0
- FUSELAGE $1,00000 | $0.00 34.01204856 $000 340028485 0 $0.00 30120485 0 $0.00 380120485 0
MC-10901-2, ENC YPTOR, KG-175D TACLANE MICRO $9,900.00 | $0.00 28717972 0 $000 087 0 $0.00 28717572 0 $0.00 28717972 0
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= CE Curve: Readiness Based Sparing

Modeling Readiness by Location Alternatives

Model the overall : :
. Part Number Description Unitprice || stockLocation || 2%27% 89.91% 94.83% 97.0%
system Life Support RPAPY QY RPAPY ary RPAPY ary RPAPY ary
AT11M-10-TF, AT ENUATOR, 10DB $ 150.00||FIELD LOCATION |1 0 1 1 1
Costs critical to AT11M-10-TF, AT ENUATOR, 1008 H 150.00||pEPOT 5.439313179 1 5.44E02 0 544602 0 544802 0
L. EMRO1M13840-101 CABIN RF SWITCH PANEL s 500.00||FIELD LOCATION |1 1 1 1 1
achlevmg Ao: EMR01M13840-101 CABIN RF SWITCH PANEL $ 500.00||DEPOT 1625412693 0 16302 0 163602 0 163602 0
. HFBO75100A, BAL N (SINGLE) $ 800.00|FiELD LOCATION [0 0 0 0 0
* Level of Re pairs HFBO75100A, BAL N (SINGLE) $ 800.00||DEPOT 4578590523 0 45802 0 45802 0 45802 0
Ana Iysis by HFB0751008, BAL N (DUAL) $ 800.00J{ FIELD LOCATION i1 o o 1 1
HFB0751008, BAL N (DUAL) s 800.00||DEPOT 0.183142399 1 01831424 0 01831424 0 01831424 0
location 01-01664-001, A TENNA, CRPA $  66,593.00||FiELD LocATION |1 0 1 1 2
01-01664-001, A TENNA, CRPA $  66,593.00||DEPOT 0.457856000 1 0457856 0 0457856 0 0457856 0
* Spares by 10553-1300-02, N/PRC-117 RADIO KEYBOARD DISPLAY(KDU) FALC| $ 492.00||FIELD LOCATION |1 1 1 2 2
. 10553-1300-02, N/PRC-117 RADIO KEYBOARD DISPLAY(KDU) FALC $ 492.00||EPOT 5.453046964 0 545602 0 545602 0 545602 0
Readiness a nd/ or FAM-142A, AMPLI ER, DUAL BIDIRECTIONAL, METROPOLE $  15,390.00||FIELD LOCATION [0 0 0 0 0
by Iocation FAM-142A, AMPLI ER, DUAL BIDIRECTIONAL, METROPOLE $  15,390.00)|DEPOT 1.3735680 0 1.373568 o 1.373568 o 1.373568 0
12-210P98, ANTE NA, DF ARRAY AND ACQ HIGH BAND $  10,000.00||FiELD LOCATION |3 1 3 3 3
12-210P98, ANTE NA, DF ARRAY AND ACQ HIGH BAND $  10,000.00|pEPOT 1.3735680 1 1373568 0 1373568 0 1373568 0
015-10306-001, NTENNA, IRIDIUM S 635.00] FIELD LoCATION |2 1 2 2 2
015-10306-001, NTENNA, IRIDIUM $ 635.00|| DEPOT 0.13735680 1 01373568 0 01373568 0 01373568 0
AV201-10, ANTEN A, FM/VHF/UHF/EPLRS/L-BAND $  3,571.00||FiELD LOCATION |1 1 1 2 2
AV201-10, ANTEN A, FM/VHF/UHF/EPLRS/L-BAND $  3,57L00||DEPOT 0.13735680 0 01373568 0 01373568 0 01373568 0
DM NI50-10-2, A [TENNA, DM N150-10-2, IFF $ 200.00J{ FIELD LOCATION §i1 0 1 1 1
DM NI50-10-2, A TENNA, DM N150-10-2, IFF $ 200.00||DEPOT 054942720 2 05494272 0 05494272 0 05494272 0
EMR01M13860-101 CABIN ZEROIZE PANEL $ 500.00 | FIELD LOCATION i1 1 1 2 2
EMRO1M13860-101 CABIN ZEROIZE PANEL $ 500.00|DEPOT 0.054942720 0 005494272 © 005494272 0 005494272 0
SW-22050, CONVE TER, VGA-NTSC VIDEO $ 50.00| FIELD LOCATION |2 1 2 2 2
SW-22050, CONVE TER, VGA-NTSC VIDEO s 50.00||pEPOT 0.6867840 2 0686784 0 0686788 0 0686784 0
55L51-012M1, CO VERTER, 28VDC TO 12VDC $  1,932.00FiELo LocaTiON [lo 0 0 [} 1
55L51-012M1, CO VERTER, 28VDC TO 12VDC S 1,932.00|DEPOT 0.114463536 0 0.114463537 o 0.114463537 0 0.114463537 0
3313-A5-450-1, ONTROL INDICATOR, AAR-57 $ 260,081.00||FiELD LOCATION [lo 0 0 1 1
3313-AS-450-1, ONTROL INDICATOR, AAR-57 $ 260,081.00||DEPOT 0.247240262/ 1 0.247240262 o 0.247240262 o 0.247240262 o
31-200341-01, D TECTING SET CONTROL $  6,038.00||FiELD LOCATION |1 0 1 1 1
31-200341-01, D TECTING SET CONTROL $  6,038.00pepoT 9539461619 1 9.54E-02 0 954802 0 954802 0
FA002_EMRO1EZ00 5, FASTENER ASSEMBLY, INSTL, WIRE HARNESS, AF| $  1,000.00|FIELD LOCATION [lo 0 0 0 0
FA002_EMRO1EZ00 5, FASTENER ASSEMBLY, INSTL, WIRE HARNESS, AF| $  1,000.00||DEPOT 023359204 0 |0 o o o |o 0
MC-10901-2, ENC [YPTOR, KG-175D TACLANE MICRO § 9,900.00J[FIELD LOCATION JIO 0 0 0 0
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eRODUC,

oPs - Reliability Block Diagrams (RBDs)

Analyzing the Product Support Effects

Reliability Block
Diagrams (RBDs):
Modeling of which
failures are critical for

different operational
modes.

INPUTS:
* Functional systems
architecture data

* Component reliability
data

* Mission times

Utilizing the OUTPUTS:

* Functional availability
* Maintenance actions

* Maintenance times
Fault tolerances
* spares necessity
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Digging into Operational Availability (Ao)

Analyzing the loss of operational capability

dEdo SR

Accumulated Mission Time [Hours]

0 0,5 ,

v AIPwamanes Seinced - Tere .

1,0 1,5 2,0 2,5 3,0

== Requested Time [months]

= Accomplished

ACCIDENTS & UNFORSEEN
EVENTS

POOR MAINTENANCE
PLANNING

RESOURCE SHORTAGES

SYSTEM & COMPONENT
FAILURES
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2;§ - Digging into Material Availability (Am)

Model Fleet Readiness- By Tail Number

Reasons for «
bslie., 3
Unavailability , > = Actve Ropair
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S == Awaiting Items
= ey
== Mission Assigned
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o
0 05 10 15 2,0 25 3,0
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E
1,600 = ©
Improvement 1:
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9Ps - Optimizing Product Support Performance

A Case Study
Current State RCT at 180 Days - Only 28 of 68 Depot Workloads Established
188 -6 at <90 Day RCT (Full Demand Repair Rate)
» Extremely high Repair Cycle Time (RCT)?
689 - Lack of Repair Materiel

- Lack of Accurate Repair Manuals
- Deficient Equipment, Tooling, & Training
Resulting in 3,900+ repair parts in backlog

Number of AC

559

1600

Achieve Full Demand Repair Rate

- 68 of 68 at <60 Day RCT

- No Backlog; Natural Work in Progress

- Reduced the Lack of Repair Materiel

- Improved Accuracy of Repair Manuals

- Improved Equipment, Tooling, & Training
* OEM Repair — PBLs & MRAs

* 90-Day RCT = 11% increase in MC

» 60-Day RCT = 17% increase in MC

Future State RCT at 60 Days 143

Number of AC

1 RCT = Admin disposition, aircraft removal, shipping, repair, back on shelf
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0 ps” Leveraging the “Digital Thread” so that Naval Product Support
e is aligned to Naval Warfighting Concepts and Strategies

Leverage predictive decision
support and sustainment analytic
capabilities to make cost-wise
condition and readiness based
maintenance, supply and in
service engineering decisions

Access in-time, applicable
authoritative analytical and
technical data to collaborate
and improve Fleet Operations
and Support functions :

Trace budget decisions to impacts
on sustaining fleet readiness

DpE

Ry
\%g'{"'s
Cap g
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Digital Transformation is Challenging
So Remember to be
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