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Certain commercial software products are identified in this material.
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Research Tasks and Collaborator Network

ART-002 (2018) — ART-022 (2021)

RT-48 (2013)

Mark Blackburn (PI), Stevens

Rob Cloutier (Co-PI) - Stevens

Eirik Hole - Stevens

Gary Witus — Wayne State
RT-118 (2104)

Mark Blackburn (PI), Stevens

Rob Cloutier - Stevens

Eirik Hole - Stevens

Gary Witus — Wayne State
RT-141 (2015)

Mark Blackburn (PI), Stevens

Mary Bone - Stevens

Gary Witus — Wayne State
RT-157 (2016)

Mark Blackburn (PI), Stevens

Mary Bone - Stevens

Roger Blake - Stevens

Mark Austin — Univ. Maryland

Leonard Petnga — Univ. of Maryland

RT-170 (2016)
Mark Blackburn (PI), Stevens
Mary Bone - Stevens
Deva Henry - Stevens
Paul Grogan - Stevens
Steven Hoffenson - Stevens
Mark Austin — Univ. of Maryland

Leonard Petnga — Univ. of Maryland
Maria Coelho (Grad) — Univ. of Maryland

Russell Peak — Georgia Tech.
Stephen Edwards — Georgia Tech.
Adam Baker (Grad) — Georgia Tech.

Marlin Ballard (Grad) — Georgia Tech.
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RT-168 — Phase | & Il (2016)
Mark Blackburn (Pl), Stevens
Dinesh Verma (Co-Pl) — Stevens
Ralph Giffin
Roger Blake - Stevens

RT-195 (2018)
Mark Blackburn (Pl), Stevens
Mary Bone - Stevens
Ralph Giffin - Stevens
Benjamin Kruse - Stevens
Mary Bone — Stevens Russell Peak — Georgia Tech.
Andrew Dawson — Stevens (Phase |) Stephen Edwards — Georgia Tech.
Rick Dove Adam Baker (Grad) — Georgia Tech.
John Dzielski, Stevens Marlin Ballard (Grad) — Georgia Tech.
Paul Grogan - Stevens Donna Rhodes - MIT
Deva Henry — Stevens (Phase ) Mark Austin — Univ. Maryland
Bob Hathaway - Stevens Maria Coelho (Grad) — Univ. Maryland
Steven Hoffenson - Stevens WRT-1008 (2019)
Eirik Hole - Stevens Mark Blackburn (Pl), Stevens
Roger Jones — Stevens Mary Bone - Stevens
Benjamine Kruse - Stevens John Dzielski- Stevens
Jeff McDonald — Stevens (Phase 1) Benjamin Kruse - Stevens
Kishore Pochiraju — Stevens Bill Rouse — Stevens/Georgetown
Chris Snyder - Stevens Russell Peak — Georgia Tech.
Gregg Vesonder — Stevens (Phase 1) Selcuk Cimtalay — Georgia Tech.
Lu Xiao — Stevens (Phase 1) Adam Baker (Grad) — Georgia Tech.
Brian Chell (Grad) — Stevens Marlin Ballard (Grad) — Georgia Tech.
Luigi Ballarinni (Grad) — Stevens
Harsh Kevadia (Grad) — Stevens
Kunal Batra (Grad) — Stevens
Khushali Dave (Grad) — Stevens
Rob Cloutier — Visiting Professor
Robin Dillon-Merrill — Georgetown Univ.
lan Grosse — Univ. of Massachucetts
Tom Hagedorn — Univ. of Massachusetts
Todd Richmond — Univ. of Southern California (Phase |)
Edgar Evangelista — Univ. of Southern California (Phase 1)

William Stock (Grad) — Georgia Tech.
Michael Szostak (Grad) — Georgia Tech.
Donna Rhodes - MIT
Mark Austin — Univ. Maryland
Maria Coelho (Grad) — Univ. Maryland
WRT-1025 (2020)
Mark Blackburn (Pl), Stevens
Mark Austin (Co-PI) — Univ. Maryland
Maria Coelho (Grad) — Univ. Maryland
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Alanna Carnevale (Grad) — Georgia Tech.

Mark Blackburn (PI), Stevens

Dinesh Verma (Co-Pl) — Stevens

Kunal Batra — Stevens

Mary Bone - Stevens

John Dzielski, Stevens

Steven Hoffenson - Stevens

Steve Hespelt - Stevens

Roger Jones - Stevens

Benjamin Kruse - Stevens

Annie Yu

Chris Snyder - Stevens

Brian Chell — Stevens

Daniel Dunbar (PhD) - Stevens

Andrew Underwood (Ungrad) — Stevens
Cory Phillipe (Grad) - Stevens

lan Grosse — Univ. of Massachucetts
Tom Hagedorn — Univ. of Massachusetts
Joe Gabbard — Virginia Tech

Jared Van Dam (PhD) — Virginia Tech
Kelsey Quinn (PhD) — Virginia Tech

WRT-1036 (2020)

Mark Blackburn (PI), Stevens

John Dzielski- Stevens

Russell Peak — Georgia Tech.

Selcuk Cimtalay — Georgia Tech.
Taylor Fields — Georgia Tech.
William Stock (Grad) — Georgia Tech.
Sahil Panchal — Georgia Tech

Jake Sisavath — Georgia Tech

Gabriel Rizzo — Georgia Tech
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Organization

* INTRO: Context and Scope of NAVAIR SE Transformation & Skyzer Pilot

* WHAT: Integrating Digital Engineering Technical Models with MBSE Cost
Models
* HOW: Surrogate Pilot & Experiments to Demonstrate Art-of-the-Possible
* Authoritative Source of Truth

* ”Full Stack” Graphical CONOPS, Mission, System, Multi-physics, Ontologies, Ref.
Architectures

* Stakeholder Analysis Models such as MBSE Cost Model
* Modeling Methods
* Digital Signoffs — Transformation From CDRLs
* HOW WELL: Contributing Modeling Examples transitioning to Support
Workforce Development demonstrating Art-of-the-Possible

* Video of demonstration coming soon: https://www.youtube.com/c/SERCUARC
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Surrogate Pilot Scenario: Skyzer UAS Search and Rescue Mission
Doing Everything in Models to Demonstrate Art-of-the-Possible

Deep Dives by Phases

Performance constraints force
Multi-physics Design
considerations —
similar to Bell Eagle Eye

Graphical CONOPS
Scenario: Search &
Rescue

P3: Cost Modeling

NAVAIR Public Release 2021-807 Distribution Statement A - "Approved for public release; distribution is unlimited"

December 6, 2021 NDIA SYSTEMS AND MISSION ENGINEERING CONFERENCE



Digital Engineering for Systems Engineering Roadmap

Semantic Fully Implemented
Digital Engineering

DIGITAL
ENGINEERING

STRATEGY

Methodology
Artifacts are
Enabler for
Digital Signoff

MBSE
Strengthens
SE
Modeled
Everything

RESEARCH ROADMAPS
2019-2020

Transitioned
Transition Needed

® Projects Underway
® Research Needed

* https://sercuarc.org/wp-content/uploads/2020/0 /ROADMAPS_2.3.pdf

L BYSTEMS
R ENGINEERING
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Context Related to DoD Digital Engineering Strategy Goals

* MBSE Strengthens Systems Engineering (Goal 3)

* Represent Structure, Behavior, Interfaces, Requirements and Operational
related interactions oMission
- . . utcomes
* Can characterize different levels of abstraction — Mission,
System, Subsystem where different types of methods are
nze o 4 ypes o IMEENOSS Mission
Threads

* Can generate “documents/specifications”
based on stakeholder-relevant views

System of
ystems

Need to formalize representation that links information in an
Authoritative Source of Truth (Goal 2 — distributed like Internet)

Need computing infrastructure to access and visualize on need-to-
know basis (Goal 4)

Need to semantically link information from different modeling
levels and types to enable tradespace analyses and decision

Extending the DoD Digital Engineering Strategy to Missions, Systems of Systems, and Portfolios
P. Zimmerman, T. Gilbert, J. Dahmann

L3
maklng (G oal I ) 22nd Annual NDIA Systems and Mission Engineering Conference Tampa, FL| 23 October 2019

Skyzer models are unclassified examples and are being
transformed to support workforce development (Goal 5)
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<yzer Demonstrates Modeling Methods for SET Framework
ements at Different Abstraction Levels

—

m

oy
c
:
. Other Business Models
MBSE (7] Operational Models o
— Personnel, support, training, etc.
m |
tools & .
] £
languages £
gl. gb I N R System Model is Authoritative ;E
a Icabile D Requirements Source (e.g.
PP q:) User Capability Model Gov't Specification)
E (aka Mission Model)
Acquisition
% = T T T TAdreémémt— T T T T ="
L ‘%& System Model Initial System Model Main g
- System b Final System Model Contract E-
MBE e T el _F:nc;or:aI_Ba;:Ii.ne .
£ :
S
tools & = g
) N
Ian uages T Sub-System | Model Sub-System 2 Model Sub-Systerm mModel— = |— = b _ e
L 4 Contracts E
M - - <
applicable subSystem _ _ £

¢ Allocated Baseline
Discipline-Specific Models
(Mechanical, Electrical, SW)

Sub Contractors

Component | Model Component 2 Model Component n Model

Element 4
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“Full Stack” of Skyzer Models

Reference models characterize reusble information and process
Generalization of

Previous
Mission/Systems

Using and Tailoring . Model ! Model ! Model {i Model |
Reference Models Il duleioieleleletule il '::::::::::I':::::::_l-_-_-_-_-_-_-_-_-_,---------I lmmmmmmmmmmm e

" ision | 1 Reliabiieyand {1 Gost |,
| Reference ! NAVSEM Gompliane | Maintainability @i Model
i __Models | “Full Stack” L s
FSystem Skyzer / Stakeholder Analysis Models
| Reference ! Mission Instance of Criteria focused on Capability-based Test &
' Models | Project Model <t CBTSE / MBTD Model Evalgatlon (CBT&E) and Mission-based Test
Usage Design (MBTD)
*
S :
Model Y nstance o Criteria needed and evidence provided for
Model Airworthiness Model getting a flight clearance
*
Contractor '
RFP Response Instance of New Cost Modeling approach
Model Cost Model based on using MBSE artifacts
Avionics f
N  Airframe Surrogate o Program X Substitute
Landing-Gear } Cost Equations R~ Cost Equations Cost Equations
Subsystem Model

W T ey How to model to develop Authoritative Source of Truth
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Cost Modeling

(" Cost Parameters A
+ Hours (Mfg, Tool, QC, Eng, etc.) Contents @ CEMM
» Dollars (Mfg, Tool, QC, Eng, RM / PP,PE, etc.) ~ Model
+ Labor Rates (Direct, Indirect, OH, Wrap, etc.) -- Version - mﬁodouogy
. -- Notes
\ Ete " -- Color Codes —BOE / \
. — Products
T Main Input Phased Input LC/RC Input « Budgets (DON, OSD, PB, POM)
~rial Dicteihution - 9 Option FY o I\NIIIS I.I(;C'E:tim:tles
. . * Naval Aviation Plan
— Al, Steel, Ti, Composites, Other [%] wBs ABC WBS 12...N S
* Avionics:
— CNI, EW, FC, Survivability, etc.

» Software: ESLOC, S/W language

DAS, EAs, Trade Studles)

. 'I:Irogr)‘ul-ls_ion: |I/W Ralt,io , Airleow [Ibs / sec] Ca'cu'itx’i'r'frame Avionics e . Affordable Readiness

* Flight Test: Hours, Points, Type - . -if Dri

+ Risk i i oga'i"at_m”_ _ ‘ . ‘gehnasfitlifvli)tl;lfnalysis
K - Etc. / E=S=== ESEEEE - Risk Analysis
/ \ Input » Briefings

+ IBR’s
rogrammatlc Parameters (ETAB) EEEEE - Claims / Litigation
» Acquisition Assumptions =E=E===

* Negotiation Support

Charts \ /
e ~ A

* Prime / Sub Work Split
« Dates: Milestone, Contract Award, First Flight
« Schedules: Dev., Flight Test, Prod.

A .
» ILS Elements: Data, Trainers, Spares ng?é): reen Bu?{g—ithzgtrmats
* O&S Assumptions P-1
— Maintenance Concept, Spares, Personnel, + PS5 Customers
Reliability CYaTy CY&TY PMAs
« Risk * PEOs
k - Etc. / - AIR-00
« ASN

/ Input N\ /Pollcy & Guidance \ * NAVCOMPT
Supphers » DoDD 5000 Series * NCCA
: + OSD CAPE
PMAs bR (" Analytical Tools h L
- IPTs * OSD Cost Guidebook « MS Excel, Cost Analysis ToolPak, NEMO, AIR-4.2 :
+ AIR-00 ; ﬁfﬁ‘é}’.,'"?;ﬁ”‘m Regression Tool, ACEIT (ACE, CO$TAT), Tableau, Qlik,,
- PEOs ° 3 ” Etc.
« ASN - DoD ACQ Guidebook > < \_ J
. OSD « ETAB NAVAIRINST 5223.2 Data
+ Industry . Navel Sy_stemS_ « CADE (DAMIR, DACIMS, EVM), JCARD (CSDRs,
+ Academia Engineering Guide Expenditures, Programmatic, Weights), BANK
» Etc. \' Etc. / Datasets. eDocs, CBAR, Inflation (OSD, Gl), Etc.

J
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Total Ownership Cost —As-Is Process

MIL-STD-881E

Total Ownership Cost

Development
Material Solution Analy

Fuselage

e MIL-STD-881E Fuselage Aggregate
G e I Forward Fuselage
o e APPENDIX A Center Fuselage
R Aft Fuselage
TR On I Other Fuselage
Wing
I A.3 WORK BREAKDOWN STRUCTURE LEVELS Empennage
e WESE  Levell Level2 Level3 Leveld LevelS e e
10 Alrcraft System 3 8
1.1 Aircraft System, Integration, A , Test and Checkout Abrfeme Infegration
I 2 A::c\’/: hnclf em, Integral ssembly, Test an oul Engine Populsion = - = = =
121 Alr Vehicle Integration, Assembly, Test and Checkout Engine/Propulsion Aggregate [ | | [ | |
l 122 Alr Frame oo I I 1 T T 1
1221 Airframe Integration, Assembly, Test, and Checkout
| 1222 F I
1 uselage
1223 Wing |
I 1224 Empennage
1225 Nacele
I 1226 Other Airframe Components 1...n (Specify) I
123 Propulsion I
124 Vehicle Subsystems
I 1241 Vehicle Subsystem Integration, Assembly, Test, and Checkout I S
1242 Flight Control Su ] t d d WBS t t
I 1243 Aanlnawpmsb::;yestr:m an ar S ruc ure
1244 Hydraulic Subsystem I
I 1245 Electrical Subsystem .
1246 Crew Station Subs:
e s ! defined and leveraged to
12438 Fuel Subsystem
I 1249 L:nong Gi:tl I -
12410 Rotor Group
12411 Drive Grovp I complete consistent cost
| 12412 Vehicle Subsystem Software Release 1...n (Specify)
12413 Other Subsystems 1..n (Specify) | . .
125 Avionics
I 32, ook i, poovst Wk WICiad. | and technical analysis
| 32 Tt
v I
' |

oo o oo e e e e e e e e e Em e Em Em =
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Cost Model Organization

Aircraft
Characteristics

e
=
. r————— 3
Deep Dive . e
L -~ -
Iy odu cton Cost Madel Cost Madan Agg i o oa
System Overview Cost Eguatiom Spred Cham Bl aper AT at ey
ey ok =
TirotorUAVS ruc ure Sky zer Cost Model Const Extimaton Parametic ROTAE - UMCS
Sys term Design Requir ements _N SRR - —
| o o foTes Budpet Adpmtments Table
RN S — SkymWeight Estmate SRR Cost input
P-Sheets Ove~WRIT
1) Pertormance Requiremeats — o & ._
- Skyser CONOPS SRR1 Wput Table SRR1 FYImtances Cost_Rebup_Option u-;:nn
2y 8 s®A2 N k
Skyzee OV-1 AS-S oy = x Sudpst Afgmiment Viswe
SRRI npui Table  SRRZ FYimtances iz 3
SAR2 Cost Analyws - o ::
CovMotup
Totsl Ownership Cost Cost Phasing Wode!
Paramev ic Methadobsgy with Phasing
hgcgol nogm NEXT
2% o8 [:=D
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bdd [Package] Aircraft Systems - Development WBS Cost Elements [ WBS Cost Element Structure ])

Diagram name

WBS Cost Element Structure

Aircraft System Cost Model — Structure Aligns with Mil-STD 88|

Author Alexandra Kilmon
Needs roll-up Creation date 5/27/20 12:40 PM
pattern applied
Modification date || 6/23/20 10:33 AM
ablocks ’ «artifacts O
«blockn .—,| Alrcraft System, = Test, and C Cost- .. . MIL-STD-881D Aircraft Systems (Development)

Aircraft System Cost - 1.0

properties o
p1 : MIL-STD-881D Aircraft Systems (Development) y L
Air Vehicle Cost - 1.2

«blocks l

Payload/Mission System Cost-1.3

«block»s
Ground/Host Segment Cost - 1.4
«blockx
Aircraft System Software Release 1...n (Specify) Cost-1.5 i S——————— — 2022
Total Ownership Cost 2 2 §136
.—)‘ CLZEL ‘ Development
giemmanoincering Cost - 1.6 Material Solution Analysis

Technolo, faturation & Risk Reduction
«block» Engineering and Manufacturing Development
Program Management Cost - 1.7 -
«blocks Airframe S0 S0 S0 S0 S0
System Test and Evaluation Cost - 1.8 Aiframe Aggregate | | | | |
Fuselage S0 S0 S0 S0 S0
«blocks Fuselage Aggregate
Training Cost- 1.9 Forward Fuselage
Center Fuselage
ablocks AftFuselage
Data Cost - 1.10 Other Fuselage
Wing
ablocks :“9""'5'
Peculiar Support Equipment Cost - 1.11 5
Other Airframe
block: Airframe Integration
-—>| CocKs ’ Engine/Propulsion S0 S0 S0 S0 S0
Common Support Equipment Cost - 1.12 Engine/P sion A gate l I I | | —r
Pranulcinn Hardwara [ I I I I I

«block»
Operational/Site Activation by Site 1...n (Specify) Cost - 1.13

«block»
Contractor Logistics Support Cost - 1.14

«block»
Industrial Facilities Cost - 1.15

«blocky»
Initial Spares and Repair Parts Cost - 1.16
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<blocks
«physicals
TiltrotorUAY

CalculateRadi

el
c_WWL : Win gLoad g
c_PL : PowerlLoading

totalCost - R al{r

=

Total Ownership Cost — To-be Process

Contract model is

structured to align
with MIL-STD-88IE

<blocks

powerSubsystem «physicals

rowersubsystem

generator : Gel ne at g
battery : Batte
starter Motor : Start T Motor

<hlocks
. ) «physicals
airframeAssemblies i -
Air
parts
wing © wing
tail - tail
fuselage : fuselage
&
<blocks
«physicals
sensorSubsystem Sensorslmsymem
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aaaa

imaging and Visual : Imaging and Vis

|magngAndSurvelllanceRad Imag gAndS urveillanc

eRadar

NAVAIR Public Release 2021-807 Distribution Statement A - "Approved for public release; distribution is unlimited"

+

Government cost model
rollup patterns MIL-STD-88IE
from AURA Cost Model

11 <hlocks
«blocks B ?Aircraft System, Integration, Assembly, Test, and Checkout Cost - 1.1 I
Aircraft System Cost - 1.0

properties 3
p1 : MIL-STD-881D Aircraft Systems (Development) 12 1 «blocks
;g:r Vehicle Cost - 1.2
13 <hlocks
Payload/Mission Syst Cost-1.3
14 <«hlock:s
Ground/Host Segment Cost - 1.4
&
15 <hlocks
Aircraft Syst e Rel 1...n (Specify) Cost - 1.5
5
16 <blocks
|Systems Engineering Cost - 1.6
57
17 «blocks
Program Management Cost - 1.7
)
18 <hlocks
em Test and Evaluation Cost - 1.8
ol
19 <blocks
Training Cost - 1.9
110 «hlock:s
Data Cost - 1.10
111 <hlocks
;:%elculiar Support Equipment Cost - 1.11
el
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Benefits

* Improve ability to

rapidly access
change impacts in
Authoritative Source
of Truth

Enable comparison
of contractor model

to government
model

Relate technical data
to cost data
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Generate Cost Data based on Airframe Weight Rollups

Cost Model Instance Total Ownership Cost
D (TOC) Report
Skyzer System
A R RRI Rollup Pk OEMI
Model SRRI Rollup Pke

SRRI | | $$ (TOC)

Skyzer Contractor

Modal SRR2 Rollup Pkg

SRR2 | | $$ (TOC)

Viewpoints generated
using DocGen

Cost Model
Rollup Cost estimation
patterns equations

Goal: Leverage the system design data to gain insights into total ownership cost

Goal: Reduce the burden to navigate the system model

NDIA SYSTEMS AND MISSION ENGINEERING CONFERENCE



Automate Cost Estimates as Technical Data Changes

* Cost rollup changes based on the fidelity of the data, generally related to overall program
phase

* Phase |: Simple analogy and historical (SRR1)
* Phase 2: Analogy and parametric (SRR2)
* Phase 3: Engineering buildup (PDR/CDR)

* Phase 4: Extrapolation of actuals (Prod)

* Approach

* Use cost analysis patterns which relate to technical data fidelity, tracking contractor cost over the
program lifecycle

* Cost estimation approach is tailored by the fidelity of data on hand
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Cost Model Schema (v58)

Deep Dive on Aircraft Characteristics
(see next slide for details)

vvvvvvvvvvvv ‘ [— OV e TY adars
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A craasrtctes : e / 1
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I g chaxacoabadc 2 Fed - grve - praveran i : E—
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i I ooy cavphdy facer cake 1Coop e ~characersdc 1 1 e
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. QEM In pUtS Srucosewe | Raal s abkposal caac Arnud Dapasal Cose -
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Observations based on Version #58 of AURA MBSE Cost Model
* Schema captured, identify cost analysis inputs, outputs, and phases
* Approach documented MIL-STD-881 relationships
* Rollup patterns were early in concept, not high in fidelity
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Deep Dive Focused on Aircraft Characteristics and Equations

e Airframe characteristics
* Weight empty

* Airframe unit weight

Structure weight

Material distribution

* Propulsion characteristics
* Thrust to weight ratio
* Airflow
 Turbine inlet temperature
* Avionics characteristics
* Space weight and power
* Cooling
* Number of circuit cards

* Type of circuits

Max speed at optimum altitude

lpb’l g Jur

«blocks
Aircraft Characteristics

vales

— ™ characteristic1 : Real
characteristic2 : Real
characteristic3 : Real
service life : Real

aircraft Characteri:
—_—

«hlocks
Airframe Characteristics

vakes
‘hanacteristics |vweight empty : Real
airframe unit weight : Real
structure weight : Real
material distribution : Real of
max speed at optimum aftitude : Real
technhology baseline factor : Real

‘hatacteristics «hlocks
Propulsion Characteristics

values
thrust to weight ratio : Real
airflowy : Real
turbine inlet temperature : Real

zhlocks
'ham Avionics Characteristics

values
space weight and power : Real
cooling : Real
number of circuit cards : Real
type of circuits : Real

Air vehicle parameters of
interest

¢ MaxMach

¢ MaxSpeed

e MaxThrust

e EmptyWeight

«blocks

1.2 Air Yehicle Equations

«constraints
Development Hardware Cost

«constraints
Honrecurring Airframe Raw Material Purchased Parts with Burden

constaints
{ProdCost = a + (b * MaxThurst) + (c * MaxMach) + (d * TurbinelnletTemp) }

.

constaint:
{NRAFMatl = ALMEMpty * DollarPerLB}

ProdCost : Real

a: Real

b: Real

c: Real

d: Real

MaxThrust : Real
Maxhach : Real
TurbinelnletTemp : Real

pammeters
MNREAFMatl : Real
AUNEmMpty : Real
DollarPerLB : Real

«constraints

Honrecurring Quality Control Hours

constraits

{NRQCHrs = NR:radlingHrs * Factor}

parameters

NRQCHrs : Real

NRToolingHrs : Real
Factor : Real /

/

«constraints
Airframe Honrecurring Engineering Hours

constaints
{NRENGRHrs = (((a * EmptyWWeight)"h) * (MaxSpeed”c)) * WeightedMatiCostFactor }

parameters

NREMNGRHrs : Real

a: Real

b: Real

c: Real

Empty'Weight : Real
MaxSpeed : Real
WeightedMatiCostFactor : Real

NAVAIR Public Release 2021-807 Distribution Statement A - "Approved for public release; distribution is unlimited"
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Skyzer UAY System_v2

values
operationalRadius : nm
endurance : hr
operationalAltitude : ft
cruiseSpeed : kis

SRR1 - Model Development

* Model established with

target design constraints,
such as Take Off Gross
Weight, Max Speed, and
Number of Test Aircraft

recoveryVWeight : |b

takeOff GrossWeight : Ib = 5000.0
maxSpeed : kts = 200.0
currentMass : kg
systemServicelife : hr

e Default values can be
allocated or inherited from

et HighSinkRate : ft/s = 25.0 “ )
NumTestAircraft : Real = 2.0 Shoer Ul Setteet e Subsystem blocks, dependlng

|oBW: Ib e | : .

e | on maturity of the design
\ [gfggﬁmgméiﬁa : b = 5000

maxSpeed : k"ls =200.0 I

ur(eMMass.kg }

S hkRate fis - 25.0 |

\ umTestAircraft : Real = 2.0

OB b I'
\ operations

merm - s . .

PowverDown()
FlyMissionPlan()

sigral meeptions
Emergency Shutoff()

avionics
«blocks communications &
Avionics «hlocks power propulsion Sensor payload

: BE/ERORS Communications hlocks <hlocks «blocks shlocks
Navigate( Position ) P a3 o e P d
Loiter() . operations ower rrop ayloa:
Hover() EstablishConnection() operations
TurnOnComputer() %o oS disperse( Target )
TurnOffComputer() “uency=406 MH ;
Check¥ehicleHealth() ;acon( Freguency=406 MHz, Location )
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Cost Equations (S

et inaiMist s
»

fegies s g "o
. Y

] Yoo TMe I’*vﬁn

~00" Y Y.

Bon o, By gt l oo ore
QB o W Serolupeteg O Vs s hera e

-

[l

urrogate or Actual)

par [Block] Skyzer Cost Model[ Cost Estimation Parametric ])

\

COST EQUATIONS FROMRAND. "Arcraft
o Tigage Cost Estimating Relations: AllMesions"

I RegressionOffset : Real «cons fraints
W : ProgramCostEstim ate
I . y I | { FrogCast = 4.372.57"(BN".798) (Spd. 726}
RegressionSlope : Real Spd :| ProgCost 1 s]
I I FrogCost
I TrendOffs et [TrendSiope: I
cons traints
I «constraints I | A EN of & ;"uran Estimat:
: EmptyWeightEstimate S A "
{  OBW=10%TrendSlopetiog 10(MTOW)+TrendOffs e} RIS (102 {EWA.777)(Spd" 394} 0 s
I I >
I I «constraints
[—l [—l | A N : LabrHoursEstimate LabrTime
I oBN MTOWN I {LabrTime = .141%(EN* 820)*(Spd.484)} E“ LaborTime100: hr
: Skyzer UAV System_v2
I «cons fraints e
: @CHoursEstim ate E
| (B o e
EM :lb %
= 2 Spd «constraints
Eml‘esmlrcraﬂ :Real :l : ToolTimeEstimate
BN | {ToolCost = 02014(EW".777)Spd" 696)}
maxSpeed : kts [ il :l
Spd j «cons fraints
- I I I I S S e e . - : DevSupportCostEstimate
DevSup =
= { DevSup = 4.2°0.0251°(EWA 620)*( Spd*1.30)} [:—{ DevSupportCost : cost[dollars]
L
Spd «COons traints
JEm e nxts i ate E;‘“‘C“‘ MaterialCost100 : cost{dollars]
eN { MatiCost = 4.2* 241*(EW".921)%(Spd”.621)}
I
Spd :l «consfraints
:FlightTestCost o
i {FTCost = 4.3°0.687+(EWA.325)( Spd".822)*( TestAC*1.21)} ':5—" FlightTestCost : costidoliars]
TestAC :l
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NDIA SYSTEMS AND MISSION ENGINEERING CONFERENCE

December 6, 2021




SRRI — Model Instance in Cost Model

=)
E D SLance o = H
'a. - Create instances of for technical model in
T B Cost Model, establishing source of truth
B0« Associabion Blodk
3 - . v data for cost model
::E . ' P s e vy Divgwm Whant }7
) lee Kuatns Cwer '. N e
B-R @B ey Lottt on
T80 — [ — O R, < -+ <~ Mosebs
[D s " s [ DeveigportCost : cost{dolars) 14790.4671
LR B R . (¥ EngTmel00 : he S17.9189
it RN 9 Fhght TestCont : contf{dolars) 6794,62%
ﬂg o Wl : [ LaborTime100 : br 131,253
& gé mm Mo, S ¥ MaterisiCost 100 @ cost{dolyrs) VN34S
s ) 2 Proglont ; cont{dolars) 284265
Parametric Rollup [P QCTmel00 : he 150.4567
- B , . (9 RegressionOffset : Real 0.0870
s Sconain _/—EW:] :Engln::r(l’:l‘:‘:’:::;wnno EngTime i - - e
OEW = 10;(?:‘;‘:;"0::":05‘16(*“M.'1rz>wrﬁm0ﬂw» Spd R R IOSEWETTT)( Spd. 854)) L]
H
[1] ] | EW ] :m:fnmrf:m. LabrTime
OEW MTOW {LabrTime = .141*(EWA.820)"(Spd* .484)} Em
Spd o o .
u Run parametric simulation
rrT———=—=== " ’
Syzor UAY By 2 I e for cost methodology model
I .oc.tl:onstrant ELabr
| ] takeonGrossweignt b | I {(QCHours = 133Labr) —{QCHour | acTime1o0 :hr | to determine system cost
I ToEw: b | l .
i el | » . | estimates, such as
: —— 1] o | s o "] development support cost
L e ——— I ribution is unlimited"
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SRR2 — Cost Rollup Pattern based on RFP Model

«blocks M
«physicals D e S Ig n t rad e S
TiltrotorUAY
constaints M M
Cacuerass * |) Subsystem/component cost data organization
endurance : endurance_estimation . . .
c_WL : WingLoadin ] 2 P I h
Skaet ) Project use relationship
parts .
dor: o Roll h
G * 3) Rollup cost pattern ownership
p1 : Powertrain
vales
cost : Real{redefine:
totalCost : Real{redefines totalCost} bdd [Packagelevel 4 Level 4 B DQ/I
fer
«block»
Supercomponent
(blol.j:k» constrains sc
powerSubsystem «physicals cs1: CostSum 0.*
PowerSubsystem
values
pats .
generator : Generator cost:$
battery : Battery
starter Motor : Starter Motor T AN yay
«hlocks «block»
irframed. bli diysical Component
St emesSectivles AirframeAssemblies P Somp
e constrains
wing : wing L ms1:MassSum 0.~
tail : tail
fuselage : fuselage values
mass : Kg
€1
«blocks
sensorSubsystem giaicah
EensiSubeystem «block» «block» «block» «block» «block»
paits
imagingAndSurveilanceRadar : ImagingAndSurveilanceRadar Differential Transmission Chassis Driveshaft Cabin SW
imaging and Visual : Imaging and Yisual
«block» «block» «block» «bloc k» «block»
Vehicle Engine Drivetrain Body Engine SW

Figure 16 Two levels of Inheritance for Roll-up Calculations
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Total Ownership Cost Approach

Cost Reference :> :> Total Ownership

Project Instance

Model Cost Table
Representative Implementation
par [Block] FYCost[ FYCost]
Development : cost[dollars] ' R it
: Total Ownership Cost

V] {TOC=Dev+PD +0S}

e rRott-costidollars] | PD j l: ToC Total Ownership Cost : cost[dollars]
0S :|

Production & Deployment : cost[dollars] 4

Figure 12. Methodology
NAVAIR Public Release 2021-807 Distribution Statement A - "Approved for public release; distribution is unlimited"
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EMD Build Cost — Example Parametric Equation™

Inputs
link back to
contractor

model

<

par [Block] FYCost[ EMD Build Cos} J

Yearindex : Real
Year «constraint»

B : Phasing
: Costlnputs Phasing 171 {FY = Phasing(Year) “Total ( «constraint»
Total FY _AirVehicleCost : EMDBuild EMDBuild -
ProductionPhasing : Real [1..7] l._ — L] D {EMDBuild = AirVehicleCost EMD Build : cost[dollars]
S
\ o
l MaterialCost : cost[dollars] Il

*Equations are surrogate derived from older reports

Figure 14. EMD Build Cost
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Generation of Total Ownership Cost Table

p|  awme | Towoweshe | oevelopmen: | EMODesn: | EMDBUM: |y (Ll |0 evuaton: | Supports
cost{dollars) cost[dollars] cost{dollars)

1 =] FY2020 69411.66 < 31109.62 ¢ 29003.46 ¢ 1516.54 < 38302.05 ¢ 589.62 < $

2 =] FY2021 173529.15 ¢ 77774.04 ¢ 72508.65 ¢ 3791.34 ¢ 95755.11 ¢ 1474.05 ¢ 0%

3 =] FY2022 240877.15 S 106819.99 < 101512.11 5 5307.88 3 134057.16 5 0s $

B =) FY2023 275288.17 & 122079.99 ¢ 116013.84 ¢ 6066.15 ¢ 153208.18 ¢ 0s $

5 =] FY2024 275288.17 & 122079.99 < 116013.84 5 6066.15 S 153208.18 < 05 $

6 =) FY2025 240877.15 ¢ 106819.99 ¢ 101512.11 ¢ 5307.88 ¢ 134057.16 ¢ 0% $

7 =] FY2026 189260.62 < 83929.99 < 79759.52 S 4170.48 5 105330.62 < 05 $

8 =) FY2027 120438.58 ¢ 53410 ¢ 50756.06 ¢ 2653.94 < 67028.58 < 0% $

9 =] FY2028 86027.55 S 38150 36254.33 S 1895.67 5 47877.56 S 0s $

10 =) FY2029 51616.53 ¢ 22890 ¢ 21752.6 ¢ 11374 ¢ 28726.53 ¢ 0% $

TOC reviewable from ViewEditor, removing

stakeholder navigation of containment tree
(NOT Actual Data)
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Budget Adjustment Use Case - (See Video)

uc [Package] Use Case[ Budget Adjustment Use Case ])

_—

|/1Make Request for
Budget Adjustment

The Actors are Roles
/
G g Walkthrough

3 Cost Team Lead

(s ccenario
for demo

K Update cost

l: model with budget
adjustment

————_(Discipline-Specific

2 Cost Modeler

: Modeler)

|

/""'-— - Can be any
( 5 Reeavluate cost discipline specific
model instances modeler
Bk =~ S Columns B Export§ ~ 2 & - - a FH- - Q D ~
r Criteria
|| Classifier: Budget Adjustment Scope (optional): Budget Adjustment Instances y Filter: Y~
# Name [V value : cost[dollars] [¥] Reasoning : String [V Date : String Adjustor : String From : String [¥ To : String r
1 = 05 ‘ l
Increased 2022 Program 2024 2026
2 = Increased Govt Budget 5000 § Government
( Spending
1]
3 = Pandemic Adjustment 1 -10000 § COVID-19 Pandemic 2020 Taylor Fields 2020 2022 l
= budget Adjustment 05S '

|
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Budget Financial Manager

) Surrogate Pilot switch Org

oject: Skyzer Cost Model ~ @ > [k Budget Adjustments

I @ | B + o & pocLIB < 8 © O 13 a8 &Ex

Document Last Modified: 2/11/21 5:04 PM
Filter table of contents

*gumsmeen " Budget Adustments Used DocGen

Last Modified: 2/9/21 2:40 PM by taylor.fields

i S eI 1 Adjustment Summary Table and Excel for
Synchronization

T Last Modified: 2/11/21 5:04 PM by taylor.fields

v

' Budget Adjustment

# EXPORT CSV Y FILTER TABLE

e R, Adjustor Date Reasoning Value From To
/"1 Update View Editor
| with budget (no name) (no valug o value) (no value) 0.0
\ adjustment
budget Adjustment (no value) 0.0 (no value) (no value)
Value: [@ 4 x
2024
Increased Govt Budget Program 2022 Increased Government Spending 5000.0 2026
4
ADD
= 7 - - -10000.0
Pandemic Adjustment 1 Taylor Fields 2020 COVID-19 Pandemic 2020 2022
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OpenMBEE DocGen/Cameo Publisher

package OpenMBEE[ [£ Spruill Chart ]J

«Document»
1D = 295 Spruill

I

December 6, 2021

wview» «conformy» «viewpoints
1D = 296 RDT&E
\: posar Ve wpoint »
method = T&Instance Specifications Table
RD‘I’&E operations
«CreatesView()
o]
«conform» KVisWpOInty
D at Table 1. <>
method = ﬂlh\;t;nbé‘Speciﬂcatbns
Budget Adjustor
«Lreate» i < Date
i Adjustment
=]
(no name) (no value) [0
value)
budget Adjustment  (no value) 0
w g ' value)
Increased Govt
Program 2022
Budget
Pandemic Taylor
: 2 2020
Adjustment 1 Fields

Element History
~) Compare versions

2/18/21 10:29 AM by mark (Latest) ~

Last modified 2/18/21 10:29 AM by mark

Property Value
2023

Property Type
From

Documentation </>
(no text)

Used by Documents/Views
I Budget Adjustments > i Adjustment
Summary Table

Reasoning — T value - From O
(no value) 0.0

(no (no
(no value) 0.0 i Vo)
Increa'sed Government 50000 1 2023 2006
Spending
COVID-19 Pandemic -10000.0 2020 2022
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Final Synchronization Done in Model to Establish

Authoritative Source

(Discipline-Specific
Cost Modeler)

ource of Info

Containment

=X = w Q

B-57 Budget Adjustment Instances
/£ Budget Adjustment Instances (by markblackburn)
= : Budget Adjustment
= budget Adjustment : Budget Adjustment
&2 Increased Govt Budget : Budget Adjustment
& Adjustor = "Program”
& Date = "2022"
% From = "2024"
& Reasoning = "Increased Government Spending”
& To = "2026"
& Value = 5000.0 §
= Pandemic Adjustment 1 : Budget Adjustment
[ Budget Adjustments
|2 Budget Adjustments 02 05 2021

FHH

2 Update cost m
with budget
adjustment

Bzoom B @ Change sets.

Change Sets
%2 Updated 24 minutes ago

[hange Sets (1)
H A Default (Active)
e No Local Changes Found. Click “Refresh" to check for changes.

Bl ] pise) tan X | )
BB 0 VN & -

Selection

:-'j-'u '.n.pz >
Tools
L$I7T
[J Common .
|£ Block Definiti... —— =
£ Package «block» : Budget Adjustment
E Block budget Adjustment : Budget Adjustment Adjustor
[ Interface Block S‘;{‘:&’_’_' g:taesonlng
£ Constraint Bl... From =™ Value =0.0 §
[ Value Type _F;:a:gnlng .
[8 Enumeration Value =0.0 §
Signal Increased Govt Buc:b‘::(;ud Adjustment
= Instance Ad}ustorz =0 ;;rogram-

Proxy Port ~ ="2022"
]/EL Linky : Budg:tb.:::stmom = Som.= -202_4.

Adjustor / To = "2026"

E Association ...
/" Directed A... v
" Directed A... v
«" Directed C... v
' Generalization
%5 Item Flow

Date
Reasoning
Value=0.0

Value = 5000.0 §

=
Pandemic Adjustment 1 : Budget Adjustment

Adjustor = "Taylor Fields"

Date ="2020"

From = "2020"

Reasoning = "COVID-19 Pandemic”
To = "2022"

Value =-10000.0 §

%

@ Element Validation

> 0 O \

B Mg - F - B e X B

(= Notification Window:

X458 RPG

lement I Severity ylwﬁia... Message Not... ¥ [2021.02.18::10:13:35] Incon
= [J ValidationSuiteSubstitute [2021.02.18::10:13:43] [INFO
m 2021 Sandbox | ®error | [INOT EQUIVALENT] Package 2021 Sandbox  [Notign...|\HES) [PI PSRN eSS EE: A NV
@ From = *2024" T R e e S - -T | . [(2021.02.18::10:23:33] [INFQ

Commit Element to MMS
Update Element from MMS

Ignore for Me
Ignore for Everyone

[2021.02.18
[2021.02.18
[2021.02.18
[2021.02.18
[2021.02.18:
[2021.02.18:

mn21 n2 10

10:28:26] [INFO
:10:28:26] [INFO
:10:28:26] [INFO
10:28:26] [INFO
10:28:26] [INFO
10:29:17] [INFO

1n.20-171 OINEN

Environment —Fn_hn-
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Actual Commit by Role With Additional/Appropriate Privileges

il

Open a project from Teamwork Cloud

December 6, 2021

Select a server project to open. The Online Projects tab lists all server e ® History
server projects available on your machine. Working with offline proje«

a server.

Online Projects ]

BB =20 @ e

Name
LI ™AL ULIgiIc_r tuine

[ NAVAIR Classification Profile

[ NAVAIR General Model Profile

[ project-bundle

[ project-bundle-mdcustomizations
[ project-bundle-oclvalidation

[ SAIC Classification Profile [v1.0]
[ SAIC DE Library

[ SAIC DE Profile

[ SAIC DE Style Guide

[ SAIC DE System Model Example
[ SET Surrogate Pilot Issue Tracking
[ SET Surrogate Pilot Project

[ SET_Framework_Surrogate_mrb2

[ SET_Framework_Surrogate_Skyzer_..

[ Skyzer Airworthiness Model

[ Skyzer Contractor SFR Compliance
[ Skyzer Contractor System Model
[ Skyzer Cost Model

[ Skyzer Launch & Recovery Model

[ Skyzer Launch & Recovery Model D..

[ Skyzer MBTD Model

[ Skyzer MBTD Model v2

[ Skyzer Mission Model

[ Skyzer Mission Model Document

[ Skyzer Mission Model RFI Document
[ Skyzer Profile Overview

[ Skyzer SOW

[ Skyzer Stakeholder Model

[ Skyzer System Estimation Model v2
[™ Skyzer System Evaluation Model

Q Type here to filter projects

1 Last modified
SEPLEHIVEN 7, LULV AL L.VD.OV

November 13, 2019 at 10:34:1
November 13, 2019 at 10:37:5
November 13, 2019 at 10:04:5
November 13, 2019 at 10:08:5
November 13, 2019 at 10:12:0
September 9, 2020 at 2:03:05
September 9, 2020 at 1:03:31
September 9, 2020 at 1:05:17
September 9, 2020 at 1:57:31
September 9, 2020 at 1:06:12
November 15, 2019 at 9:38:16
November 15, 2019 at 10:05:4
November 13, 2019 at 3:43:04

. November 13, 2019 at 3:54:08

January 16, 2021 at 1:44:13 PN
November 15, 2019 at 9:33:11
November 10, 2020 at 9:45:45
February 11, 2021 at 5:01:46 F
March 12, 2020 at 4:22:00 PM

. February 12, 2020 at 8:21:12 #

November 15, 2019 at 8:32:58
July 14, 2020 at 9:54:21 AM EC
September 11, 2020 at 10:05:4
July 14, 2020 at 10:05:32 AME
November 14, 2019 at 3:42:31
May 1, 2020 at 3:19:04 PM ED]
June 22, 2020 at 9:12:08 AM E|
September 8, 2020 at 2:35:23

March 19, 2020 at 1:46:37 PM

lune 22. 2020 at 12:46:49 PM L.

History Browser

In order to open a specific project version, select a node with a
corresponding version number in the Version tree and click Open.

Skyzer Cost Model [trunk]

Project Version Author Date Comment

[ Last week
135 taylor.fields February 11, 2021 ... Organizational upda...
133 taylor.fields February 11, 2021 ...
132 taylor.fields February 11, 2021 ... Budget Adjustments...
131 taylor.fields Fel.uary 11, 2021 ... budget adjustment ...
130 jake.sisavath February 11, 2021 ...
129 taylor.fields February 11, 2021 ... Use case diagram f...
128 jake.sisavath February 11, 2021 ... budget adjustments
127 taylor.fields February 11, 2021 ... updates to budget ...
126 jake.sisavath February 10, 2021 ... budget adjustment
125 taylor.fields February 9, 2021 at... fix to budget adjust...
124 jake.sisavath February 9, 2021 at...
123 jake.sisavath February 9, 2021 at... Budget adjustment ...
122 jake.sisavath February 9, 2021 at... Budget Adjustment ...
121 jake.sisavath February 9, 2021 at... Budget Adjustment ...

E This month
118 taylor.fields February 5, 2021 at... saving
117 taylor.fields February 5, 2021 at... Notes for budget ad...
116 taylor.fields February 5, 2021 at... Budget adjustment ...
115 taylor.fields February 4, 2021 at... updates to viewpoin...
114 taylor.fields February 4, 2021 at... Updates to views fo...
113 tavior fields Fehruarv 4 2021 at  viewnoint method di...

Q Type here to filter project versions

Set as Latest

Compare

O~en

Properties

Cancel Help

=T
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Update to P-5 Rollup

TS . - i\ - Columns Export iR P -
Criteria- ~ Excel/CSVFile »
Classifier: CostRollupPattern Scope (0 Read from File
Write to File T
Excel Import Status: [ | New [ | Updated [ | Obsolete [ | Unchanged
# Name Mu SynC_OpEIOE bve ;sT
1 |B@ = Fr2033 0s 1 201.75 ‘ExceI/]
2 E = pS.flyaway Cost 0§ 1 60.75 §
3 E = pS5.flyaway Cost.recurring Cost 0Ss 1 52.75 §
4 = pS.flyaway Cost.recurring Cost.armament 0.25 § & 15§
5 = pS.flyaway Cost.recurring Cost.cfe avionics-mission electi3.25 § - 13 §
H 6 = pS.flyaway Cost.recurring Cost.eCO-Flyaway 0.25§ - 18
Can do u pdates In 7 = pS.flyaway Cost.recurring Cost.gfe avionics 0s - 0s
8 = pS.flyaway Cost.recurring Cost.engine-Accessories 0.125 § 8 15§
exported Excel 9 = pS5.flyaway Cost.recurring Cost.other GFE 0s <~ 0S§
10 = pS.flyaway Cost.recurring Cost.airframe-CFE 12.25 § 3 36.75 §
SpreadSheet and > 11 E = pS.flyaway Cost.other Flyaway Cost 0Ss 1 85§
H 12 E = pS.flyaway Cost.other Flyaway Cost.nonrecurring Cost 0s 6 63
Synchronize back :
13 = pS5.flyaway Cost.other Flyaway Cost.nonrecurring Cost.'1 $ 1 158§
: 14 = pS.flyaway Cost.other Flyaway Cost.ancillary Equipment |1 § 1 18
into Model for
15 = pS.flyaway Cost.other Flyaway Cost.software Cost 18 1 18§
: 16 = pS.flyaway Cost.other Flyaway Cost.other Flyaway-Specify0 $ 0S$
Commit
17 E = pS.support Cost 0s 1 28 $
18 = pS.support Cost.airframe PGSE 35§ 1 358
19 = pS.support Cost.engine PGSE 15§ 1 15§
20 = p5.support Cost.avionics PGSE 15§ 1 158§
21 = pS.support Cost.peculiar Training Equipment 15§ 3 358
22 = pS.support Cost.publications/Tech Data 158 6 6 S
23 = p5S.support Cost.eCO-Support ltems 15§ 13 13§
24 = pS.support Cost.production Engineering Support 0.25 § 4 15§
25 = pS.support Cost.ils support 0s 0 0S§
26 = pS.support Cost.other Support-Specify 0Ss 0 0S
27 = pS.other 0s 0 0Ss
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Video Shows Demonstration for Several Scenarios

* Walkthrough Skyzer Cost Model

* Discuss Model Organization and Navigation

* Look at a few scenarios
* Cost roll-up pattern

* Mechanisms that allow subject matter experts to adjust cost values through using
Export/Import spreadsheet that are synchronized back into the Cost Model
* Automated cost equation substitution

* Check Systems Engineering Research Center YouTube for Video to be posted
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Accomplishments

* Demonstrated Cost Model Stakeholder Analysis Model linked to Skyzer technical
models for cost model criteria, relationships and to generate various reports

* Demonstrated how standard cost-estimating relationships (CERS) and
methodologies (CEMs) are applied to these models

* Used technical data for parametric total ownership cost (TOC) estimates
* Aligned MBSE Cost Model with with MIL-STD-88IE
* Automatically generated reports (e.g., P-5 sheet, Spruill Charts)

* Demonstrated approach for Cost Model modularization (e.g., Project Usages) for
access and control

* Ready to initiate on small number of DoD programs as trials
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Thank you!

* Dr. Mark Blackburn

* Senior Research Scientist

* Principal Investigator

* Member of SERC Research Council

* Member of OpenMBEE Leadership Team
* School of Systems & Enterprises

* Systems Engineering Research Center

* Stevens Institute of Technology
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