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Executive Summary

Bottom-up emulations of real sustainment systems that
explicitly model spares, personnel, operations, and
maintenance are a powerful way to tie funding decisions to
their impact on readiness, but they are not widely used. The
simulations require extensive data to properly model the
complex and variable processes involved in a sustainment
system, and the raw data used to populate the simulation are
often scattered across multiple organizations.

The Navy has encountered challenges in keeping the
desired number of F/A-18 Super Hornets in mission-capable
states. IDA was asked to build an end-to-end model of the
Super Hornet sustainment system using the OPUS/SIMLOX
suite of tools to investigate the strategic levers that drive
readiness. IDA built an R package (“honeybee”) that
aggregates and interprets Navy sustainment data using
statistical techniques to create component-level metrics.
IDA built a second R package (“stinger”) that uses these
metrics to automatically generate the input tables necessary
to run OPUS/SIMLOX;; the effect of both of these packages
is that IDA has lowered the barrier for entry into building
these large end-to-end sustainment models. We present a

summary of these tools and techniques to the OPUS user
community in this briefing.
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End-to-End Simulation/Forecasting Model

Bottom-up emulation of real sustainment system that explicitly models
spares, manpower, operations, and maintenance to understand the impact

of decisions on readiness
+ Tie $ spent to readiness outcomes
- Heavy lift to build initial model

Data-Driven
Decisions

Failure Rate

Aircraft Age

—

Data Visualization/Dashboards
Make statuses available to user community via

dashboards
+ Provides accessible ground truth
- Does not connect decisions to outcomes

Correlative Studies

Identify factors that drive performance through
statistical approaches like machine learning

+ Search historical data to reveal hidden trends
that may potentially predict future performance
- Abstract equations do not tie results to
actionable recommendations (e.g., specific
spares purchases)

IDA |-




The number of mission-capable F/A-18 Super
Hornets has remained relatively steady in the last few
years, despite adding new aircraft to the fleet and
iIncreasing funding for readiness.

The goal of IDA’s study is to build a readiness model

to identify the major strategic levers that drive Super
Hornet readiness.

All data in this presentation are notional
and for demonstration purposes. IDA |-



SIMLOX Requires Detailed Information from Different Sources
Sustainment and ops organization:

Depot repair time
(e.g., one month)

Technical system data:

[C] AIRCRAFT &,

—{ ] APU, Ausillary power unit
— ] SEAT,
— ] RADAR,
] ENGINE,
] AIRCRAFT B,
— ] APU, Auxillary power unit
2] SEAT,

— 1 Sﬁgﬁlﬁé BASE1 BASE?2 BASES3

DEPOT Component
Transportation times replacement

One week | | One day (e.g., four
hours)

- T
Failure rates 7 AIRCRAFT A 21 AIRCRAFT 4 14 AIRCRAFT A
Repair costs 4 AIRCRAFT B 12 AIRCRAFT B 8 AIRCRAFT B
conon ar KK KRRRRR  RRR oo

Common parts required

Time to repair

Condemnation rates

Preventative .
maintenance

Stock inventories and reorder policies

[t | s 8 | 5 - .

Dependencies on OPUS B Mew| = | =8| su) Be | com)
support equipment (sparing) SIMLO.X _ = ‘lﬁ-ff——‘ti‘—-“ll;'l_—
(MCvs. time) - M. G T T P

B e G5l (o | OO |BSes] mee

‘Operational profiles
N

Mission lengths
4 —  Combinations of systems
Mission dependencies

Fleet dynamics:

Modification/depot plans
New A/C delivery schedule
Transfers/trading
Deployments

1A/C-1FH

2A/C-1FH

I nllimie ==L,

1
06:00 08:00 10:00 12:00 14:00 16:00 18:00 20:00 22:00 24:00

JOE

# A/C in operation




How to connect raw data to readiness decision making

Stovepiped databases You have to understand
and institutional in detail how the model
disconnects can make will use the information
this time consuming you give it (“model-isms”)

Interpet raw Mak " Run model to
data to derive vt MRS explore link Interpret results

consj[ruct, S palpicts between and take action
readiness model

performance
metrics $ and MC

:

Existing metrics should only be used
if you understand the math/logic
behind them, and ideally you should
be able to check the raw data yourself

IDA



How to connect raw data to readiness decision making

@ . ™ :
llate Raw Data from Nay Calculate Relevant Metrics Create Input Tables for Analyze and Interpret
Run SIMLOX Model
Database: for each A/C Component SIMLOX il o Results
I I I Failure Rate F||ght Operations Calculate MC vs. M Compare Results
DECKPLATE Time to Reality
|| I Elapsed Maint
Ti t O Lewvel
@ AFAST e 8 e Deployments
I I % Repaired at | Calculate Flight Evaluate Proposed
Condemnation T Lewl _ Hours Flown vs. |ﬂ Changes to
Rates Depot Repair Failure Modes Assigned Sustainment Plan
I I I Cycle Time )
@ el Loseis % ud Procurement Lead P s t
= | I Y FOCHISIE] Optimize Stock (é nf Answer "What if
i Time Timelines reT ~a .
= - . : ocation Questions
ERP Contracts - I Effect of Failure i Scheduled Item N
! ILY on Availability . Deliveries X
Other Sources ! ' !
@ ! | I I Stock on Hand X (About 40 in # Condgct | " Propose New
[ ! total) Excursions ! Courses of Action
1 1
| || I And Dozens More . b
1 ! 1
1
: Performed with ] Performed with Performed with : Performed with
: "honeybee" code : "stinger" code SIMLOX X "stingView" code
| : |
1 ! 1
IDA’s tool honeybee IDA’s tool stinger converts IDA’s tool stingView
interprets raw data from human-readable files into the helps visualize and
Navy databases to verbose input required by analyze the results
create component-level SIMLOX, and automatically
metrics handles complicated operational

profiles and deployments

IDA |-



Initial discussions with Navy implied that four major databases should
provide all the parts and maintenance data needed to populate a SIMLOX

model

AEXKIIAATE

(O and I level maintenance
actions)

Front End
Database

AOI'XEAA

Supply database

2A20P

Supply database




This is reality: many databases, with overlap and ambiguous data

Within the Naval Aviation Enterprise, managers get a view that is limited by the tool they are using

Isolated data sources Other databases
Need to contact organizations directly
N~
[Ipe—EEnevoed AlpypadT TYXOM [
AM2PP P E" ApUOUEVT ZYOTEUC XAANTIAA XovTpoAred ?
Moteprer (... BouB poryxo) (eEmhooImED) [v@eviopy ?
- ~—
Aetouded e€oumie o dortal OA0®. MooT
OPPOMG LV TNIG VPO CPE CLYTLOAAY
UOOE VT 0O LWOATITIAE © mwA AATS/AA EPH INi)ggll\_I/IZI ) AOI'XEAA
As [ (Evtepmpioe AotaBace Qef Iviepooye
L Ove Touyn / ll_DIiGODpXE
PXvrmA SV (VAAVARY)
oy / Y ®XOE
PsOuioitiov ///
xoumoveve 1/ NACEYTI Ontiuled Zno{pwy >< NACAIP SortcBore
// _
oo OpE " S QnoAeGOA <
ADAST _s_> e Hodoor
Ddrvovytoh AN IAE
Tpoy vy
Am;rvxlﬂrme BOM
e (BUAL 0 porTEPLOAG) QEXTOP
XoAhoted Aotor pop Evd
oTiov -\ AAA Yoep
AEXKITAA Psetoah
TE AAA Omﬁxg@eﬁ SToprvy / >10peG? 2AX0P
O owvd I Aetoel Budodep //J' AAA Qnolecale
LLOLVTEVOIVYE Moawvoryepevt TooA On OAECOAE Ividevtopy
0 TLOVG (I Aewe) Peyopdc)

Raw Data

IDA |-

Processed Data



Different data sources and different rules for interpreting
the data lead to divergent demand predictions

Demand Data Source

. Source 1 1 Raw Counts

.

. Source 3 ]
__ From Navy
I:I Source 4 | Metrics

Projected Demands per Month

Arreéting Generator Whéel,
Hook Control Unit Landing Gear
Aircraft Component



How to connect raw data to readiness decision making

Collate Raw Data from Navy Calculate Relevant Metrics

for each A/C Component

I I I Failure Rate

Databases
I I Elapsed Maint

@ DECKPLATE
@ AFAST Time at O Lewel
I I I % Repaired at |
@ Condemnation Level
Rates Depot Repair
Cycle Time
@ Stock Lewel
@ ERP Contracts
@ Other Sources
| | I And Dozens More

1

|

1

1

1

[}

1 .

Performed by hand | [eromedwih

X honeybee" code
1

1

"\ Procurement Lead
Time

Effect of Failure
on Availability

| l I Stock on Hand

IDA’s tool honeybee
interprets raw data from
Navy databases to
create component-level
metrics

9
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honeybee inputs

uniqueName uniqueName uniqueName uniqueName minWindow
COG TEC TEC New Price maxWindow
TEC JCN Level 1 uniqgueName Repair Price repairProportion

JCN MCN Level 2 unigueName Retail Stock
MCN BUNO Level 3 uniqgueName Wholesale Stock uniqueName
BUNO WUC5 Level 4 unigueName

JCN Date EMT Level 5 uniqueName uniqueName Station
ProjectCode WhenDiscovered  Level 6 uniqueName Station SOH
: SOH Allocation
ActionOrg Mahhours Condemnation Rate
Status ActionTakenCode . : Contract Data
: , . Station Mapping
ExtendedPriceChar ReceivedDateTime uniqueName NIIN
Qty MaintenanceLevel Condemnation Rate realStation
ReceivedEOC v simloxStation PR Date
stockClass
uniqgueName Repair or Procurement
NIIN Delivery Date
NIINHOF Latest Delivery Date
COG Items Outstanding
LRC Sched Delivery Date

LRC First Letter IDA | ©



AFAST

uniqgueName
COG

TEC

JCN

MCN

BUNO

JCN Date
ProjectCode
ActionOrg
Status
ExtendedPriceChar
Qty

unigueName

TEC

Level 1 unigueName
Level 2 uniqueName
Level 3 unigueName
Level 4 unigueName
Level 5 uniqueName
Level 6 uniqueName

Condemnation Rate

uniqgueName
Condemnation Rate

Station Mapping

realStation
simloxStation
stockClass

Wholesale Stock

uniqgueName
Station
SOH

DECKPLATE

uniqueName

TEC

JCN

MCN

BUNO

WuUC5

EMT
WhenDiscovered
Manhours
ActionTakenCode
ReceivedDateTime
MaintenancelLevel
ReceivedEOC

uniqueName
New Price
Repair Price

Contract Data

NIIN

PR Date

PO Date

Repair or Procurement
Delivery Date

Latest Delivery Date
Items Outstanding
Sched Delivery Date

Commodity Curve

minWindow
maxWindow
repairProportion

Retail Stock

uniqueName
Station

SOH
Allocation

User-defined settings and filters

Date range

Aircraft types (honeybee is TMS-agnostic)
What counts as a failure?

Which requisition codes indicate NMCS?
Which Action Taken Codes indicate a repair?

What do we do about missing | level repair times?

Etc.
% /
fo 4
> Calculate Relevant Metrics
for each A/C Component
I I I Failure Rate
honeybee

0 I I Elapsed Maint

TMS-agnostic analysis tool for Tineeato: el

Navy aircraft written in R . _
I I % Repaired at |
[ Lewel

I Depot Repair
[ I Cycle Time

Procurement Lead

||I Time

I Effect of Failure
il o Availability

| I I Stock on Hand

[ I I And Dozens More

IDA |




We need an adjudicated, trusted data source to overcome the balkanization
of current databases

Projected Demands per Month

# of Contracts

Arresting Generator Wheel,

Hook Control Unit Landing Gear
Aircraft Component

Depot Repair of Flux Capacitor

honeybee logic

£

5

=

Demand Data Source 2
. Source 1 §
I Source 2 e g
n =* Rules built with 3
community g
involvement ¢

Arresting Generator Wheel,
Hook Control Unit Landing Gear
Aircraft Component

Depot Repair of Flux Capacitor

+ Mean value

300 600 900 1200
Depot Repair Cycle Time (days)

honeybee logic

# of Contracts

Statistical best

practices ~Lognormal fit

300 600 900 1200
Depot Repair Cycle Time (days)

Demand Data Source

. honeybee

IDA |-



How to connect raw data to readiness decision making

alculate Relevant Metrics

for each A/C Component

I I I Failure Rate

I I Elapsed Maint
I Time at O Lewel

% Repaired at |
I I I Level

Depot Repair
I I Cycle Time

Procurement

Ill‘ﬁme

Effect of Failu
I on Availability

| I I Stock on Hand

| I I And Dozens More

Performed with
"honeybee" code

Create Input Tables for
SIMLOX

Flight Operations

Deployments

Failure Modes

Repair/
Procurement
Timelines

Scheduled ltem
Deliveries

(About 40 in
total)

Performed with
"stinger" code

IDA’s tool stinger converts
human-readable files into the
verbose input required by
SIMLOX, and automatically
handles complicated operational
profiles and deployments

IDA
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One file is used to populate many SIMLOX input tables

“Unit Data

A
1| Unit Mame
2 | WAG-130
3 WAL-H

4 WAL
5 WAD-12E
& | WADQ-3T
T | WAD-13
& | WAD-140
a4 | WAD-141
10| WAL-42
| EVAGH
12 | EVAL-Z
13 | RWAL-E
| EVAD-4
15 | EVAQE
1 |FRS-West-G
_|vFA-2

1& | WFA-1

13 | WFA-14
20 | WFA-Z2Z

21 | WFA-25
&2 | WFA-ZT
23 | WFA-31

a4 |WFA-32
25 | WFA-24
26 | WFA-2T
21 |WFA-4H
25 |WFA-3
23 | WFA-22
30| WFA-BE

31| WFA-BT
32 | WFA-34
3 | WFA-97
34 | WFA-02
35 | WFA-03
36 | WFA-05
31| WFA-Z
35 |WFA-E
38 | WA
40 | WFA-136
4 | WFAET
42 | WFA-143
43 | WFA-M4E
44 | WFA-15
45 | WFA-154
46 | WFA-192
47 |WFA-195
45 |WFA-Z1
43 |WFA-213
50 |FRS-East
51 |FRS-East
52 |FRS-West
53 |FRS-West
s4 | TOF GUR
55 | TOF GUR
56 |WH-E

5T |WH-F

E
Land Base
MAS Whidbey
MAS Whidbey
MAS Whidbey
MAS Whidbey
MAS Whidbey
MAS Whidbey
MAS Whidbey
I akuni
MAS Whidbey
MAS Whidbey
MAS Whidbey
MAS Whidbey
MAS Whidbey
MAS Whidbey
FRS West
MAS Lemoore
MAS Oceana
MAS Lemoore
MAS Lemaoare
MNAS Lemoore
Iwakuni
MAS Oceana
MAS Oceana
MAS Oceana
MAS Oceana
MAS Lemoore
MAS Oceana
MAS Oceana
MAS Lemaoare
MAS Oceana
MAS Lemoore
MAS Lemoore
I akuni
MAS Oceana
MAS Oceana
MAS Lemoore
I akuni
MAS Oceana
MNAS Lemoore
MAS Lemoore
MAS Oceana
MAS Lemoore
MAS Lemoore
MAS Lemoore
MAS Lemoore
I akuni
MAS Oceana
MAS Oceana
FRS East
FRS East
FRS West
FRS West
TOPGLUR
TOPGUN
TEST COM
TEST COM

©
CW% Mame  System Type Quantity

Chw-3 F13G 5
Cw-5 F13G 5
Chw-9 F12G 5
Ciw-2 F12G 5
Ch-1 F13G 5
CWw-17 F12G 5
Cyw-7 F12G 5
CWw-5 F12G 5
Cvw-1 F12G 5
WAL FlEG g
KYAL-2 F13G L}
KYAL-3 F12G [z}
XYAL-4 F12G [}
XYALR-E F12G [}
FRS-West Fi2G 26
Cyw-2 F12F 12
Cr-1 F12F 12
Cw-9 F12E 12
Cw-17 F1EF 12
Chw-7 F15E 0
CWw.5 F15E 12
Cvw-1 F12E 12
Cr-2 F12F 12
Chw-17 F12E 0
Cw-2 F12E 12
Cw-9 F12F 12
Cr-1 F12E 0
Cyw-7 F12E 0
Chw-3 F1E 0
Chw-8 F15E 0
Cyw-17 F1sF 0
Cw-9 F12E 0
CYw-5 F12F 12
Cw-7 F12F 12
CWw-3 F12E 12
CWw-17 F12E 12
CWw-5 F12E 0
Cw-3 F12E 0
Chwe-1 F15E 0
Ciw-2 F15E 12
Cw-7 F12E 12
Cvw-11 F12E 0
Chiw-9 F12E 0
Cw-1l F12F 12
Cyw-2 F12E 0
CWw-5 F12E 0
Cr-1 F12F 12
Chw-8 F1EF 12
FRSEast  F18E il
FRSEast  F18F 5
FRS West  FI2E 12
FRS West  F18F ]
TOP GUM  F12E 4
TOF GUM  F1aF 2
VH-E F12E 17
VH-F F12F 2

Land-Eased Profile

V-3 Land Profile - Growler
CWw-5 Land Profile - Growler
CWw-3 Land Frofile - Growler
CWi'-2 Land Profile - Growler
CWiw'-1 Land Profile - Growler
CWW-17 Land Profile - Growler
CWW-F Land Profile - Growler
C¥W'-5 Land Profile - Growler
CWW/-11Land Profile - Growler
WY AGE-1Land Profile
AYAL-Z Land Profile
HWAL-3 Land Frofile
HYWAL-4 Land Profile
HYAG-E Land Profile

FRE Land Profile - Growler
C¥W/-2 Land Profile - Rhino
C¥wi-1 Land Profile - Rhino
CYw/-3 Land Profile - Rhino
CVw-17 Land Profile - Rhing
CWw-F Land Frofile - Bhino
CWw-5 Land Frofile - Bhino
CWw-11Land Frofile - Bhino
CWw-2 Land Profile - Bhino
CWw-17 Land Profile - Rhino
C¥w/-8 Land Profile - Rhino
CYw/-3 Land Profile - Rhino
C¥wi-1 Land Profile - Rhino
CYW-F Land Profile - Rhino
CVw-2 Land Profile - Bhing
V-5 Land Frofile - Bhino
CWw-17 Land Profile - Rhinao
CWw-9 Land Profile - Bhino
CWiw'-5 Land Profile - Bhino
CWw'-T Land Profile - Bhino
C¥w/-3 Land Profile - Rhino
CWW-17 Land Profile - Bhino
CYW-5 Land Profile - Rhino
C¥w/-3 Land Profile - Rhino
C4w'-1 Land Profile - Rhino
CWw-2 Land Frofile - Bhino
CWWw-T Land Frofile - Bhino
CW-11Land Profile - Bhino
CWiw'-9 Land Profile - Bhino
CWw'-11 Land Profile - Bhino
C¥W-2 Land Profile - Rhino
CYW-5 Land Profile - Rhino
C¥wi-1 Land Profile - Rhino
CVw-2 Land Profile - Bhing
FRS Land Profile - Bhino
FRS Land Profile - Bhino
FRE Land Frofile - Fhino
FRE Land Profile - Bhino

TG Land Profile

TG Land Profile

TC Land Profile

TC Land Profile

” stinger input file

Deployed Profile
C'-3 Deployed Profile
C-8 Dieployed Profile
C-3 Deployed Profile
Ch-2 Deployed Prafile
Ch'-1 Deployed Prafile
CWw-17 Deployed Profile
C'w-T Deployed Profile
C-5 Deployed Profile
C-11 Deployed Profile
Mane

Mone

Mone

Mone

Fone

Fone

C'w-2 Deployed Profile
C'-1Deployed Profile
CWh'-3 Deployed Profile
C-17 Deployed Profile
C-T Deployed Profile
T8 Dieployed Profile
T 11 Deployed Profile
Ch-3 Deployed Prafile
Ch-17 Deploye d Profile
T8 Deployed Profile
C'w'-3 Deployed Profile
C'-1Deployed Profile
C-T Deployed Profile
C-3 Deployed Profile
C''-8 Deployed Profile
C-17 Deployed Profile
C-9 Deployed Prafile
Ch'-5 Deployed Prafile
Ch-7 Deployed Praofile
T3 Oeployed Profile
CWw-17 Deployed Profile
C-5 Deployed Profile
Ch'-2 Deployed Profile
C'-10eployed Profile
C-2 Dieployed Profile
C-T Deployed Profile
C-11 Deplayed Prafile
C'h'-9 Deployed Praofile
Ch-11 Deplayed Profile
C'w-2 Deployed Profile
C-5 Deployed Profile
C'-1Deployed Profile
S8 Deployed Profile
Mone

Mone

Mone

Mone

Fone

Mone

Mone

Mone

H
Deployable
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
FaLSE
FaLSE
FaLsE
FaLSE
FaLSE
FaLSE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
TRUE
FaLSE
FaLSE
FaLsE
FaLSE
FaLSE
FALSE
FALSE
FALSE

Here we define each
squadron with its
composition, location,
profiles, etc.

B 5-24-2019 All Items, All Failure Modes_GeoMapLayer <SystemDeployment>

sio | USTID |atyps [ uTIL [ PRIOF | PLID [NOTE|
System [ Unit or | Quantity | Utilization | Priarity | Prelife | User |
identifie| 5 34 3019 All items, All Failure Modes_GeoMapLayer <Unit>
unp | DESCR | STID [ MAXPM [MAXPMP [NOTE
Unit % 5-24-2019 All Items, Al Failure Modes_GeoMapLayer <UnitGroupMember> 1"
identifier Ry & 1
UGID USTID PRI | XTIME [NOTE )
| 1|F18G T Unit Unit or Priority | Additional | User
| 2 |F18G 1 vAQ-130 group station mission | Mote
| 3IF18G | an1a1 identifier hpidantfas At
| 4 |F18G 3 vag133 [ 5-24-2019 Al Items, Al Failure Modes_GeoMaplayer <Operations>
15 [F18G | I yan- USTID PRID NOTE
clrse | 14]vaa13s I
Lt | 5 | vAQ-137 Unitor Profile User
| 7 {F18E | yaQ-139 1 ]|cvw3 - station identifier Note
|8 [F18F | I="\nn140 | 2 |Cvw-s identifier
[9|F18E | o yagta1 || 3 |cvwe  [1]vAc130 - | CYW-3LAND PROFILE - GROWLER
10| F18F | yagia [4]cvw-2  |[2]vAG131 CVW-8 LAND PROFILE - GROWLER
1F18E | olyvagt  |5lcww-1  |2]vAQ133 CVW-3 LAND PROFILE - GROWLER
12|F18F | Hilsvace  [6loww-17 | |4]VAQ-136 CVW-2 LAND PROFILE - GROWLER
3[F18E | [olyvaas  [7]owwy |8 VAQ137 CVW-1 LAND PROFILE - GROWLER
4|F8F RS vacs  [Blovws L5l vAQT CVW-17 LAND PROFILE - GROWLER
5|Fise |2 Lo VI |7 |vAQ-140 CVW-7 LAND PROFILE - GROWLER
M6|Fise | PHA{XVAQS ] 9 |CVW-IT  Tgyag-141 CVW-5 LAND PROFILE - GROWLER
7|Fiae | H2|FRSWEST10]CVW-2 g ]yag142 CVW-11 LAND PROFILE - GROWLER
HelFisg | HE{VFAZ - H11jCvWA ] xyaga XVAQ-1LAND PROFILE
Molpisr | HZ{VEATT 2| Cvw-9 11| xvaQ2 XVAQ-2 LAND PROFILE
2olFiae | P8 VEAT4 i3]cvw-17 (2] xvac-3 XVAQ-3 LAND PROFILE
1l Fiar | 2 VEA2ZZ i4lcvw-7 (i3] xvA4 XVAQ-4 LAND PROFILE
22 F1ee |2 VFAZS is|cvws  [14]xVAQSE XVAQ-5 LAND PROFILE
53| F1sG |21 VFA27 16|CVW-11 15| FRS-WEST-G [ FRS LAND PROFILE - GROWLER
aliae |[2]VFAs A7lcvws  [16]vea2 CVW-2 LAND PROFILE - RHINO
olriee |12]VPA32 Hglcww7  [17jvean CVW-1 LAND PROFILE - RHINO
1224 24|VFA34  [glcyws 18| vFA4 CVW-3 LAND PROFILE - RHINO
26 182 1 25| vFA7  oplowweg 19| VFA22 CVW-17 LAND PROFILE - RHINO
2Z7{FI8G | (06| vFa41 oy oww 20| VRA2S CVW-7 LAND PROFILE - RHINO
28IF18F | [o7|veast  (Slovwy 121 VFAZ7 CVW-5 LAND PROFILE - RHINO
1291 F18E | I35 vFa-83 3lovws |22 VPAS CVW-11 LAND PROFILE - RHIND
130|F18E | [5g|yeass  p=2f“VW- 23| vFA 32 CVW-3 LAND PROFILE - RHINO
31|F18E | [30|vragy  [2HCVWB  Doqlveasd CVW-17 LAND PROFILE - RHINO
32|F18G | [37]vrags 22 CVW-17 o5l vraa7 CVW-8 LAND PROFILE - RHINO
133|F18E [ [32|vrage7  [28|CVW-9 o6 vra41 CVW-9 LAND PROFILE - RHINO
134|F18E | [33]|vrad02  |27|CVW-S 27| vFA-81 CVW-1LAND PROFILE - RHINO
35|F18F | (34|veaqos  |28]CVW-7  [28|vFAes3 CVW-7 LAND PROFILE - RHINO
36|F18E | [3c|vratos |22 CVvW-3  [29]vFa-ss CVW-3 LAND PROFILE - RHINO
137|F18G | [3g]vratiz  [30]Cvw-17 |30 VFA-B7 CVW-8 LAND PROFILE - RHINO
38]F18E | [37|veaiis |31]cvw-s  |[31]vFAss CVW-17 LAND PROFILE - RHINO
38]F18E | [3g|vrans |32|cvws  [32]vFaer CVW-8 LAND PROFILE - RHINO
e |[la [plows [ahere jomsunormone e
A1HFI8G | Jao| veatay BHCVW2 e s CVW-3 LAND PROFILE - RHINO
42[F18G | [at]vraas (I3BICVW7 e o s CVW-17 LAND PROFILE - RHINO
(42| VFA- 3BlCVW-IT =T i '
re NN = M F7) VS CVW-5 LAND PROFILE - RHINO
ﬁ' xiiq;‘l Blovwar [1%|veATst CVW-3 LAND PROFILE - RHINO
34| VFA- i 39| VFA-136 CVW-1 LAND PROFILE - RHINO
39| CVW-2 gl vra13z CVW-2 LAND PROFILE - RHINO
40| CVW-5 T4 yFA-143 CVW-7 LAND PROFILE - RHINO
A1) CVW-T 45| vrA-146 CVW-11 LAND PROFILE - RHINO
42|CVW-8  [43]VFA-151 CVW-9 LAND PROFILE - RHINO
24| VFA-154 CVW-11 LAND PROFILE - RHINO
45| VFA192 CVW-2 LAND PROFILE - RHINO
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stinger outputs - 40 OPUS/SIMLOX tables

Control OperationProfile Station
ControlParameters Operations StationStructure
CMLocation PMActivation StockAllocation
CMReplacement PMFailureMode StockExist
FailureMode PMLocation SystemDeployment
ltem PMReplacement SystemTransfer
ltemReorder Prelife System

ltemRepair PrelifeData TaskResource
ltemTransfer PrelifeDataAge Tasks

Lateral Support Problem Description TimeDistributions
MaterielPM Resource TransportPolicyProfile
MaterielPosition ResourceAllocation Unit
MaterielStructure ResourceStation

MissionType ResourceTransfer

stinger creates all of the tables our model requires DA |



stinger simplifies creating a complex model
A

57 rows
Unit Definitions

stinger
TMS-agnostic

107 rows

Schedule Definitions

Mission Definitions

\
- i

preprocessor for military
aircraft written in R
A
10 rows

SIMLOX Table | _ #ofrows __

MissionType 10
OperationProfile 50,049
Operations 97
System 3
SystemDeployment 100
SystemTransfer 1,461
Unit 96

T ow | st

A

b

stinger

v

[tem-Level Metrics

One row per NIINHOF per TMS
(1915 rows in our current model)

stinger lowers the barrier to entry to build
complex readiness models in SIMLOX

SIMLOX Table | _#ofrows __

CMLocation 9,198
CMReplacement 3,945
FailureMode 4,897
ltem 771
ltemReorder 771
ltemRepair 771
MaterielPosition 1,914
MaterielStructure 3,828
TimeDistributions 1,389



IDA’s Super Hornet model includes a detailed
representation of real-world fleet operations

- F-18 model implements variable hours to reflect land/sea operations
- Improves spares projections and captures “real world” cueing problems
- Models 2+2 deployment schedule

OFRP Schedule Missions Per Week by Phase
Phase
CVW-9 1 Sunday 1
Maintenance
CVW-81 E
Saturday -
CVW-7 4 Basic i o
_ E #of A/IC
% Integrated () -
Z cvw-3- = I x ¥ B
< u—  Thursday 1 —
3 o | 7
© cvwA Sustain > -
© - 5
O Wednesday - i -~
CVW-17 1 i "
Deployed -
CVW-11+ Tuesday| g ! -y
CVW-1+ THD
Monday - i i s
Month T T T
Deployment Maint POM
2613.6 hrs/month 188.0 hrs/month 216.0 hrs/month
Phase
These profiles can easily be adjusted for excursions ID -
(e.g., wartime operations) _A



Deployed units have differences that matter for a
sustainment model

Aspect of deployment Feature Status

Deployed squadrons have a different item transport profile Implemented

Squadrons draw from different spares pool when deployed Implemented

Squadrons *always* begin deployed period with all aircraft

: Implemented

operational

Squadrons deployed together can “cover” for each other

L In Progress

on missions

Repalr fgcmtles at deployed locations have different Planned
capabilities

Failure rates are different on deployment Planned

IDA |



IDA’s model closely mimics the Navy’s O-I-D sustainment

\/

concept
Step 1 o B= Step 2 Step 3
4—;@ =1=|
H& \:/ , [®
N gl 7 > (@ [—
‘. 5 o ‘ > . o
LRU with faulty SRU is 4 New SRU is installed
Bad SRU is,”
removed and replaced 4 on LRU
with spare removed frcyﬁ LRU
O Level | Leyel | Level
7
— z
Step 4 Step 5/ Step 6
/ If SRU cannot be repaired at
\-/ g5 | Level, it is either sent to D

iﬁ
=

Repaired LRU is sent
to inventory
| Level

The failure rates and repair times are calculated using Navy data

/
& K £
e X
| Level attempts to
repair the SRU

| Level

for repairs

-0

Or itis discarded and a new

one is ordered

>0 =>0

D Level

IDA |



Not all failures are created equal

Variability in Removal Criticality

Number of Demands (logscale)

O ® o ee coamme®e 0

0 0.25 0.50 0.75 1.
Removal Criticality

o

The effect of a given item’s
failure on readiness is not binary

Number of Demands (logscale)

Variability in Abort Risk

0.00 0.25 0.50 0.75
Removal Abort Risk

1.00

Few items consistently cause
mission aborts upon failure

IDA |



We use up to 6 failure modes per item to capture the different
possible outcomes of a failure, as well as modeling aircraft-level

failures separately

Critical

Non-
Critical

Critical Touch

Event
(on-aircraft
maintenance, no spares

Critical Failure

Repair at | Level
(allows for SRU
replacement at | Level)

Critical Failure
Repair at D Level

(no SRU replacement
anywhere)

Critical System
CM

(maintenance on the
airframe/parts we

required) aren’t modeling)
Non-Critical Non-Critical Non-Critical Non-Critical
Touch Event Failure Failure System CM

(on-aircraft
maintenance, no spares
required)

Repair at | Level
(allows for SRU
replacement at | Level)

Repair at D Level
(no SRU replacement
anywhere)

(maintenance on the
airframe/parts we
aren’t modeling)

I

ltem-level failure modes

|

Aircraft-level
failure modes

1D 21




How to connect raw data to readiness decision making

Run SIMLOX Model Analyze and Interpret
Results

Calculate MC vs. Compare Results
Time d to Reality
Calculate Flight Evaluate Proposed
_#- Hours Flown vs. |M Changes to
Assigned Sustainment Plan

(

Optimize St@ck nswer "What If"
Allocatio Questions
Propose New

# Conduct
Excursions

Performed with
SIMLOX

IDA’s tool stingView
helps visualize and
analyze the results

ad Courses of Action

Performed with

"stingView" code

22

IDA




stingView provides interactive graphs to examine simulation results

Cancel StithiE@
Select Simulation

No Investment 2x Order per Year_repor¥
Select NIINHOF

Choose a component ~

Retail Stations

AIMD FALLON AIMD LEMOORE
AIMD OCEANA AIMD WHIDBEY
AIMD IWAKUNI MAGIC WH WEST
MAGIC WH IWAKUNI

MAGIC WH EAST

Wholesale Stations

WHOLESALE

Depot Repair Station

OEM ]

stingView - Institute for Defense Analyses

Lt ftem Input Data System Input Data

Burn-In Period (days)

122 SIMLOX Item Resuits

&

S g

SIMLOX MC Results Compare Simulation Results

365
— <
Flux Capacitor -
100 Removal Criticality: 0.26 *Removal Criticality”
" & - 3CM Fraction: 0.93 1
» Average Retail Stock on Hand: 0
. Effective Retail Allocation: 36
o 80 .
> » L ™ e @
g o e L " o R
] o ® °
£ 60 o s °
(=]} @ .'. ®
& *n ® s °s o "
“5 « l' - » i' * g ¢ ¢ - ’
¥ poas s et Gade ol e e
: TR R
5 '-’...r °»" .t ."Qo LI
g 20 Sep s VSR S ed
2 .
o .‘.“ ';:.-‘? - )5" 'o.. -‘..o' .® p
-:-" .’.‘ :..:l..#. ® e ., % a.: .' . .. il e "
o —Fg&c < et S5SNI eeth-o Ve
2 5 0.1 2 5 1 2 5 10 2 5 100 2 5
Average Monthly Retail Demands
Iltem Results
Retail Stock: Retail:

Average Retail Stock on Hand: 20

Effective Retail Allocation: 20

Average Retail Risk of Shortage: 36.2%

Navy Retail Allocation (not strictly relevant to simulation): 2

Wholesale Stock:

Average Wholesale Stock on Hand: 121.6
Effective Wholesale Allocation: 174.3
Average Wholesale Risk of Shortage: 0%

Monthly Retail Demands: 5.3
Retail Waiting Time (days): 90.2
Retail Waiting Time Given Shortage (days): 172.9

| Level:
Monthly | Level Repairs: 0

Wholesale:

Monthly Items Consumed/Condemned: 0.1
Monthly Wholesale Demands: 3.7

Monthly Wholesale Repairs: 3.7

IDA |z



We have built a functioning model, down to the part level,
that can support funding questions
SIMLOX Results Using Current Navy Inventory + Scheduled Deliveries®

100
500
400 75
O 300 —h
< 50 g
= @)
o =
++ 200 %
25
100
T / T T T
OO - 1 2 3 0
On Mission Year of Simulation
Status: [ Under Repair [ll Preventative Maintenance [ Awaiting Items [] Ready [] On Mission
IDA |2

*Includes purchases estimated to arrive before July 2021



The data suggest that the Navy Is not buying the
right parts (too many of some, too few of others)

Stock Optimization vs. Current Stock Practical upper
(~300 aircraft components) bound in model
_; | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | | I/I/

dc% m B " --/\

=3 - B

Q . | §

5 . <

(_B - - :H:

z . < $$ s

C

o [ |

S 0

O - _—

> YL .

Total Value of Stock on Shelves at Start of Simulation

® Current Navy Stock = OPUS Stock Optimization IDA | 2



Example Results from the F-35 SIMLOX Model:
Avalilability projections and options costed

[4h]
©
(0’
g Nlopﬁom.ﬂl
o) } .
2 Option 1
g .
8 I Baseline (no investments)
{ e
iel
w
)
=
2019 2020 2021 2022 2023 2024 2025
Ovtion FY20 FY21 FY22 FY23 FY24 Total delta Availability improvement
P delta delta delta delta delta over FYDP over FYDP
Investment option #1 $$ $3 $$ $ $ $$5% X%
Investment option #2 $$ $$ $% $$ $$% $35% XX%

IDA | =



A bottom-up, end-to-end forecasting model is a powerful
way to tie dollars spent to sustainment outcomes

The key role of the analyst is assembling, interpreting,
and applying rigorous, reproducible methods when
populating the model

Tool development builds consensus within the
sustainment community

IDA |~






Retail and Wholesale

NAVSUP DLA

Wholesale storage
<7

Wholesale

Retail

Use spare to
repair aircraft

Local storagé

||||
[

09
L

NAVSUP and DLA spend money from their working

capital funds to procure new parts and (in

NAVSUP’s case) repair broken carcasses. They
attempt to buy in advance of need based on

forecasted demand.

Individual units and bases usually buy spare
parts from wholesale with money from their
operational funds to keep the retail shelves

stocked.
IDA |z



Scrutinize your data

Cancel stingView - Institute for Defense Analyses m

: - Lu Item Input Data System Input Data 22 SIMLOX Item Results SIMLOX MC Results
Select Simulation

Next Dollar - F18 Point 1 Value 0 Compare Simulation Results
M v

NIINHOF/TMS-Level Properties

Select NIINHOF

name F18F F18E F18G Weighted Total
Choose a component~ Num Demands 21 43 18 82
Num Touch Events 39 32 25 9%
Retail Stations
AIMD FALLON AIMD LEMOORE MFHBR 4125.95 2623.15 3355.7 3168.82
AIMD OCEANA AIMD WHIDBEY Removal Criticality 0.52 0.47 0.29 0.44
AIMD IWAKUNI
R Touch Criticality 0.82 0.81 0.88 0.83
MAGIC WH IWAKUNI )
MAGIC WH EAST NIINHOF-Level Properties
Item Type: LRU, COG: 7R
Wholesale Stations
name value
WHOLESALE
Condemnation Rate 0.02
Depot Repair Station
bcmFraction 1
OEM @
DRCT Point Estimate (days) 269.85
PCLT Point Estimate (days) 753.23

These values are inputs to the simulation and provide a handy way to
view the properties of individual items
IDA |



Stock Information

name

value

Retail Stock Levels at t=0
Navy Retail Stock Allocation
Wholesale Stock Levels at t=0

Total Due In

20

219

Scheduled Deliveries
251

201
>
= 151
3101
) I I

54

01 [eal i |

0 2

DRCT and PCLT

DRCT, Fit Quality: Uncensored uniqueName Fit

0 40 60
Month

PCLT, Fit Quality: Uncensored uniqueName Fit

Probability

Probability

0 250 500
Days

750 1000 0 250 500 750 1000
Days

The Scheduled Deliveries and DRCT/PCLT (repair and procurement lead

time) graphs provide an at-a

-glance overview of the supply system

31
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