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SYSTEMS ENGINEERING Outllne

Researc h Center

e Context on NAVAIR Systems Engineering Transformation

e Overview of using Digital Signoffs as a new type of
Digital Engineering Competency

e Use Skyzer UAV for Search and Rescue Mission for use case

e Mechanics for using Digital Signoff in View Editor web browser
e How Digital Signoff created in a descriptive model (e.g., SysML)
e Measure and metrics using Digital Signoffs

e Example Digital Signoffs used in Video
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Capability Based Acquisition - Outpacing the Threat

SYSTEMS ENGINEERING Digital Thread enables rapid delivery of Integrated Capabilities

Research Center

Integration and Interoperability (I1&l)

Integrated Warfare Analysis
establishes CONEMPS
and Effects-Chains

Capabilities-Based T&E

Virtual

System models form “Constructive”
basis for LVC M&S environment

Constructive

? L .
= HARDWARE IMN
DIGITAL MODELING THE LOOP

SE TRANSFORMATION - e P

SYSTEM MODELS

1. Structure

el

. 2 Eglha\rior

SoS MODEL ¥

. i INSTALLED
| oetem i : SYSTEMS TEST
3 Reguirements 4 Parametrics FACILITY

Systems are developed in a

CONEMPS and Effects Chains are
modeled at the System of Systems
(SoS) level

LVC-based Training

maximizes Fleet proficiency

Model-Based environment

NAVAIR Public Release 2017-370. Distribution Statement A — “Approved for public release; distribution is unlimited”
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Surrogate Pilot focused is on Characterizing

SRS A Assessing, and Refining SET Framework for Model-Based Acquisition
Element 1 =—Ehm+nat|en Transformation 9f paper CDRL
artifacts and large-scale design reviews
S isso using Digital Signoffs

Effectiver§ess

otmizgn_/ o Continuous insight/oversight via digital
‘ collaborative environment and interaction
) | Rebalanceps | with the Single Authoritative Source of Truth

required
p— I S | ("A design review a day”)
; Right-size CDD - very
few KPPs, all tied to
mission effectives
- vIT §
Instantiate and
F I'a mework u = . validate design in
Conc ept Instantiate System Single-Authoritative Sourcd of Truth .
Initiall — £ Beberle ) y\—q €§lgn & Manufacture Release
nitia y N Mechanica L‘ﬁ_si n=ModeIs — 5
Rolled Out =5 —— s = 48
201 6 Electrical De ‘,&Iodels (._g; S 3
| — 2 ol &
(D COhen) Software )e'% Do clels g E'
S £8 m @
PR S s Q = f<D (7]
erit g e Testing Methc@: @vn:dels El -~
. Requiremen 4. Parametrics L 0 () (7]
g2
[ Analysis Toc»l% = /

Move rapidly to mfg.
Substantiation and insight
via modeling
environment

Reauomant Lo MDAO*/SET-BASED DESIGN

* Multi-Disciplinary Analysis & Optimization

NAVAIR Public Release 2017-370. Distribution Statement A — “Approved for public release; distribution is unlimited”
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| Surrogate Pilot Scenario: Skyzer UAS & Launch
" Hasnarch tenter and Recovery for Landing Gear Deep Dive

Graphical CONOPS Scenario: Performance constraints force Multi-physics Design
Search & Rescue considerations - similar to Bell Eagle Eye

)cue Domain [ E& Search & Resc

adomaine /
) &

. _Search & Resue Domain '-_ z
J
Phase Il is v o = e
adding | i e P |
ship-based B | =1 EE— -
: Suppart C3 Mission #blocks «Perfarmers
LaunCh and gﬁ &:ilgrtlbs:lms(beralmns Mssion _:;lm_ —GP;';-'B""E [ «blocks [ eblocks
Recovery (L&R) e R R e
Capgblllty Eggc %Wmﬁ;m Descriptive
. u:« ‘l’n = i ég:j;gg&g:}}:\umnmv F- 'bbﬂkpr MOdel
Deep Dive = I L Ems (g
Su pports bbc' . . o | ‘&ecu;;'ﬁs's‘-bn S )
. . B . s - ysML)
Airworthiness = L) o replace
Use Case o .
Skyzer System & Mission Models developed using SysML Documents

NAVAIR Public Release 2019-443. Distribution Statement A — “Approved for public release; distribution is unlimited”
IVIdI K R DIdCKRDUII, Fru 7
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Context Related to

SYSTEMS ENGINEERING

DoD Digital Engineering Strategy Goals

e MBSE Strengthens Systems Engineering
(Goal 3)

— Represent Structure, Behavior, Interfaces,

Requirements and related interactions Ope_rat_ional
Mission
— Can characterize different levels of abstraction Outcomes
— Mission, System, Subsystem where different

types of methods are needed 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) Systems

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

Need to semantically link information from
Extending the DoD Digital Engineering Strategy to Missions, Systems of

different modeling levels and types to Systems. and Portfolios
o o P. Zimmerman, T. Gilbert, J. Dahmann
ena ble tradeSpa ce ana |ySGS d nd dECISlOn 22n(I1 Annual NDIA Slystems and Mission Engineering Conference Tampa,

FL| 23 October 2019

making (Goal 1)

DAU / SERC WRT-1018 Mark R Blackburn, PhD 8



Skyzer Demonstrates Modeling Methods for SET
M e © - Framework Elements at Different Abstraction Levels

i
) | | | |
[ o 1 | " 1 .
£
. Other Business Models
Q Operational Models o 1
E Personnel, support, training, etc. :
1
<1
21
System Model is Authoritative lttu :
Requirements Source (e.g. g 1
User Capablllty Model Gov't Specification) :
(aka Mission Model) H
Acquisition Pl
= = = = Agreement — — — = :_':
Lo
e\% System Model Initial System Model Main g : J:
1 = Final System Model |~~~ T T Contract™ = =~ — 7 g 171
System t : :
~ FeVEl T TR nctional Baseline . | H
) P
o I 1
E
S o
Sub © i
— e = —— @ —
Sub-System 1 Model Sub-System 2 Model ° . Sub-Syster -Medel Contracts E ' 1
sub-System o | !
“levér = T
Y Allocated Baseline g P i :
Discipline-Specific Models :‘;5 : : : :
(Mechanical, Electrical, SW) ‘E 1 : : 1
s ' a0
[§) 1 1 1 1
Q | 11
a 14 1o
Component 1 Model Component 2 Model 000 Component n Model I R
1 L J
vV VV YV

NAVAIR Public Release 2017-892. Distribution Statement A — “Approved for public release; distribution is unlimited”
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How MBSE Strengthens SE by Characterizing the
Analysis of Structure, Behavior and Interfaces

SYSTEMS ENGINEERING

4:Block Definition 5:Blocks/Parts/Interfaces
Diagram Internal Block Diagram

10:Test /Plans
Scripts

6:Activity Diagram 7:Scenario
Sequence Diagram

Traceability

12:“lities”
Fault Tree

L 11:Mt-Physis Anslysis |

11:Multi-Physics Analysis

HHH

13:Next-level of Requirements
Requirements Diagram

A

14:Traceability Matrix

MBSE Artifacts — More than just Requirements

DAU / SERC WRT-1018 Mark R Blackburn, PhD
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VSIS ENGINEERING “Full Stack” of Models using Digital Signoff

Research Center

Reference models characterize reusble information and process

. o Model Model Model Model
Using and Tailoring |—_—_— . M -
Reference Models / L

NAVSEM Compliant Reliability and | | SRR-Il || SFR

"Full Stack” | Maintainability | | Model || Model More...
Skyzer 7 - B

Mission | Instance of Process, Info_rmation model &
Model | CBT&E / MBTD Model View/Viewpoints for V&V
/vA ?
Uses !
L&R Sys Skyzer » Instance of Requirement for MIL Std. 516C
Model SI\%S;GT /| Airworthiness Model tailored to program
ode

RFP Response Instance of gﬂioﬁilfi gfgigggg:n\g:h Digital
Model SRR-II Model >19NoTL
L o--bw_-j o RFP Evaluation Calculates Performance
Landing-Gear Model Margins for KPPs in RFP

Subsystem Model

DAU / SERC WRT-1018 Mark R Blackburn, PhD 11



Digital Signoffs Leverage
" Hasnarch tenter Capabilities of OpenMBEE

Model Development Kit/DocGen
View and Viewpoint Hierarchy

i Frat Smemed £t e Foal s [t Same]

r Model Management System

e | o MMS repository

View Editor

-

= Anan = 2.1.6 Time to execute g
’’’’’ [T oty W T T— =3
5 _ il

= s

- i

e Riceia, ot e | by Bt | rieeg Ay wa B e T 1

Visualization in e
View Editor
(allows edits to e

be pushed back
into model)

e
I

i
|
i
I
i

NAVAIR Public Release 2017-370. Distribution Statement A — “Approved for public release; distribution is unlimited”
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.
e o o
°.0.°
ce0 oo
o'0%
e o o

v erenne,. ENabling Elements of Authoritative Source of Truth

Research Center

Government-side of Authoritative Source of
Truth (AST) for Surrogate Pilot

Docker Installer Cameo Teamwork
(script installs g | Collaborator |} Cloud

OpenMBEE)

Users
Anywhere

No Magic
Clients with

MDK/DocGen*
(all team members)

Amazon Web
Services (AWS)

Surrogate Contractor+

View Teamwork
Editor* Cloud

A 4

Stevens**

Model

lolF?? Center

[ Teamwork
Activate+ Unlimited+ Cloud
Display OpenMBEE* Other
MDAO+ Manager+ * Model Management System (MMS) Tools
+ View Editor &
CAD/CAE+ Other+ * Model Development Kit (MDK)/DocGen Simulation
** Integration and Interoperability Framework

NAVAIR Public Release 2018-194. Distribution Statement A — “Approved for public release; distribution
is unlimited”
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CYSTEMS ENGINEERING Digital Signoff Uses and Scenarios

Researc h Center

e Digital Signoffs provide a means to continuously and
asynchronously approve the developed model artifacts that
comply with recommend methods for MBSE

e Digital Signoffs provide a means to transform from traditional
document-based reviews and signoff processes by locating signoff
with modeling artifacts that satisfy analysis or design criteria

e Digital Signoffs can be approved by Subject Matter Experts (SME)
directly in web-based browsers (e.g., View Editor) reducing the
need for SME to have expertise in a model-authoring client (tool)

e Digital Signoffs are template-based allowing for tailoring such as
having two approvals

e Digital Signoff measures & metrics can be collected automatically

DAU / SERC WRT-1018 Mark R Blackburn, PhD 14



SYSTEMS ENGINEERING
Research Center

Models Methods Guide Production of
Artifacts/Work Products for NAVSEM Method

Mission
Model

Uses -

\‘h rh

RFP Response
Model

Subsyste
Mode

Landing-Gear
Subsystem Model

_—
i

DAU / SERC WR

.
[ 2.0Analyze
Operational
Stakeholder
Needs S X |
_____ ~—
\, I'h ' :
. ' A -
( 3.2 Select ) d
[

I
[CDD Com pletﬂ(

< - -~

Operational Use Case

ov-2

_, -
-
-

Requirements
I

(" 3.4 Capture Critical System
Properties and Constraints

- I

S —
| 3.5 Define System |

Context

EXTUSE CASE .\1,

)

4.0 Define
Logical (White
Box)
Architecture

th )

|
. 0om

L&R SyS '.Lr (" 3.3 Define Mls;:;on Solnaﬂ:s i
3.0 Anal System ‘ em Black-box)
Model 3 [Bla:kmﬂui} R— }‘ ~ Ov-sb Activiy

|IBD_Example. pptxl
|~
}

|

" Diagram_Example.l
- I pptx I

|
|
|
|
|
|
|
|
J

~

(" 3.6 Identify System |
W ) | Design Censtraints |

5.0 Synthesize |
Candidate
Physical
- Architectures
. th)
m B
ward/System Level) W

NAVAIR Public Release 2020-280. Distribution Statement A — “Approved for public release; distribution is unlimited”
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DocGen

SYSTEMS ENGINEERING
Research Center

Generated View Hierarchy to Comply

with NAVSEM System Model Step 3.0 and 4.0

GE Surrogate Pilot Switch Org

I
é—ge':::z]z; Project: Skyzer_bek1_IM90-30_etc @A > B Skyzer Syste
Preece @ ®@ | B + @
Mission L h
Model | A ¢ Filter table of contents
|_—"A (oo Cmplem& v [ Skyzer System Model
Uses——1 | ~—~~~~ 7 - v [ 1 System (Black Box) Requirements
L&R Sys Skyzer p W I 1.1 Technical Domain Stakeholders
Model S“%(S):jeerr u?;:algkm;i}stem » [ 1.2 Selected Operational Use Case
Requirements » B 1.3 Mission Scenarios (System Black-box)
» [ 1.4 Critical System Properties and Constraints
RFP Response | » [ 1.5 System Context
Model r'TDe;ikrm—' I 1.6 System Design Constraints
/\ Logical (White I 1.7 Black-box System Requirements
nml?;:c}tum » [ 1.8 System State Machine
PrOpUISion th I 1.9 System Requirements Variation Analysis
SUbSyStem Model \ | I I 1.10 System Requirements

Landing-Gear
Subsystem Model

ward/System Lavel]

NAVAIR Public Release 2020-280.

DAU / SERC WRT-1018

. m v [ 2 Logical (White Box) Architecture

i%ig:m:;he B 2.1 Logical Decomposition
Physical B 2.2 Interaction Between Logical Components
Architectures
th I 2.3 System Logical ibd
. }
R ] I 2.4 Logical Components

I 2.5 Alternate Logical Components Evaluation

I 2.6 Logical Component State Machine

Distribution Statement A — “Approved for public release; distribution is unlimited”
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DocGen Generated View for Skyzer System
" Hasearen tanter Model with Digital Signoffs

GE Surrogate Pilot Switch Org

z—\l;_
| 20Analyze | Project: Skyzer System Model Document ~ &

% Operational
Stakeholder

Needs ¥
N % | L @ @ | B + @
|
T 3aselst 17
[CDD Camplee} i = cne oz T Filter table of contents
______ _}"\[}6 o ,7_'_ ) P \ED_Example.ppb(l , /s
" L ’ , ) « [ Skyzer System Requirements Analysis (Step 3)
e [ 3.3 Define Mission Scenarios
3.0 Analyze Syste T Bt ’ - . .
e i ,,,F ovsonctty | I 1 Technical Domain Stakeholders
R raerte ’ y Ell:s.amgram_Example.l
| ‘ "'gmnmsmm \ b =ML i
b ) ) \ Design Constraints ) . ) )
| | e el I I 2.1 Operational Use Case Signoff
5 | ) |
(" aaDene ) Bk | " | » [ 3 Mission Scenarios (System Black-box)
Logical (White | o . N .
X Box) T | » & 4 Critical System Properties and Constraints
. - Architecture Context | )
th ,_,_ﬂ' | » & 5 System Context
| I L . .
| EXTUSECASE | | - 6 S}I'Etem Demgn Constraints
[ R <@ (CT T
5.0 Synthesize | | . _ i
Candote » [ 7 Black-box System Requirements
Physical L £
. e » [ 8 System State Machine
- v [ 9 System Failure Analysis
ward/System Level] v . ) )
———————— L& P § 9.1 1.6 Failure Derived Requirements

|
I 2.2 System Failure Analysis Signoff

I 10 System Reqguirements Variation Analysis
NAVAIR Public Release 2020-280. Distribution Statement A — “Approved for public release; distribution is unlimited”

DAU / SERC WR 17



Digital Signoff for Operational Scenario
" hesnaren tamar Applicable to System

# » Skyzer System Model Documents : [l Skyzer System Requirements Analysis (Step 3)

£ DOCLIB L~ &

«Pertormers L -~
UAV Ope ram:_\_\_\—‘k_/ Resupply Ship using >~ fleonzg Ezponsiveness, Safdty

|
{concern = Responsiveness, Mission Performanca) | Autonomous

A Cargo-Hauling
/ S
«blocks
wblocks «Performers
wPerformers Skyzer System
Navy Ship :
ublocks i
«Performer» ublocks
Maintenance Team «Performers
. Support Team

1 ) Enable Edltlng . Figure 2. Resupplying ships using autonomous cargo-hauling

2) Add Approval i
Status

3) Add Risk .1 Operational Use Case Signoff

Last MoM{jed: 4/17/20 8:15 AM by ben

Digital Signoff get
“pushed” back into Model
(continuing theme of AST)

B EXPORT CSV FILTER TABLE

2. Operational tge Case Signoff
Approved Approval Status Approved By Completeness Comment

Value : [ 4 %

Selected Operational Use Case 50 undefined &g a 0
ADD

DAU / SERC WRT-1018 Mark R Blackburn, PhD 18




Digital Signoff Are Placed in View Hierarchy
Theaen e \With Model Artifacts that Should be Exposed

View and Viewpoint Hierarchy

aDocuments
: . I = 435 Skyzer System Requirements Analysis (Step 3)
Y|ews def|r1”e | M kil e S
Document” Structure ;

: «iew» «conforma -
VieW . |0 = 410 Technical Domain Stakeholders - -

al . = xposer
exposes ; ~~
Model Elements — >
Viewpoints \ | S
is “program” to extracts . weonformy ]

specific information from
exposed model element
to generate View

i
il |

 {approval_tatus = undefined, *

G

«viewpointe

" | Actors Table

> 3. Mission Use Cases

-—

= .

_asign offs

SN

ID = 432 Operational Use Case Signoff

L~ : :
ayiews
I0 = 413 Mission Scenarios (System Black-box)
«exposen

o .
—

ission Use Cases Resupplyiflg ships usin

-+ wconforms - -

T . ueXposew

‘ﬁ—' Z "

S—

—_— .
—

—]

SignOff Table

e :

=

Behavior Overview s

/

3. Mission Us; Cases

DAU / SERC WRT-1018
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VSIS ENGINEERING Digital Signoff for Subject Matter Experts

Research Center

- dconformi’ ©

ayiewr S ayiewpoints
ID = 409 System Failure Analysis I I Z Z Block Structure Recursive
i : : : :‘“"ﬁ';';aéj{p-c@s'e'n";""éf-
" {approval status = undefined, L B 3.9 Fault Tree Analysis
approved. by = ¥, : . .
_approved by 2=""_ | «expose» =
: : comment= " - asign ﬂﬂ!l{_ﬂ_ﬁ - . . .
: : completeness = 0, L= : : :
| T «conform» | «yiewpoints _ |
1D = 442 System Failure Analysis Signoff : SignOff Table : :

DAU / SERC WRT-1018 Mark R Blackburn, PhD 20



SYSTEMS ENGINEERING

Research Center

Digital Signoff In View Editor for Subject
Matter Experts

bdd [Package] 1.6.4 Imaging System Failurg &) 1.6.4 Imaging System Fa\lurp/'

Risk Matrix
Near Certainty E

8 [ Highly Likely D

% Likely C

= | Low Likelihood | B

N Not Likely A
3
Very Low Low Moderate High Very High
Consequence
9.2 System Failure Anal Signoff
Last Modified: 5/13/20 9:36 AM by ben
i EXPORT CSV T FILTER TABLE
Table 176. System Failure Analysis Signoff
Approved Approved .
Elements Approval Status By Completeness Probability Impact
val Value : Value : Value :
alue :
) vy B w4 Fil w4
[ 4 =
3.9 Fault Tree * * *
’ : A Adam Baker
Analysis reected [ - - -
oo 75 & 25 75 K
ADD ADD ADD

P

|

«OR Gater
Imaging System Failure

[ «OR i}at&»
Camera Malfunction

«Basic Events
Optical Hardware Failure

«Basic Event»
Communication Failure

«tracew

«functionalRequirements
Relay distressed vessel/
individual VHF
communication to ground

station

Id ="1431"

Text = "The Skyzer UAV
shall be able to relay
distressed vessel/ individual
WHF communication to
ground station”

atracen

«requirements
Video Transmission Link
Robustness

1d = "1437"

Text = "The video link from
the UAV to ship shall be
easlily reestablished in the
event of temporary loss of
signal.”

[ «Ba.sic-Evant»
False Positive

wtracen

arequirements
Verification of Camera Data

Id = "1436"

Text = "An operator shall
verify that the lost personnel
are present in the camera
images or video transmitted
from the UAV to ship.”

Figure 43. 1.6.4 Imaging System Failure

Comment

may need an extra
basic event added

DAU / SERC WRT-1018

Mark R Blackburn, PhD
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SYSTEMS ENGINEERING
Research Center

Digital Signoff are Template-Based and Can

Have Multiple Approvals

1 hﬂg Eacﬂage Eangmg éear Componentg Landing Gear Logical Archi:ecture])

[N

Weight on wheels sensor
Down Lock Sensor
Up Lock Sensor

wblocks
Landing Gear

Subsystem Context

BOD would be NAVSEM 4.1 - Logical

‘ Decomposition element

IBD in Landing

structural Support

wblock»
Structural Support

wblocks
Brakes
brakes -
percentApplied : Real
friction : N
frictionCoeff : N

vsluss
Shear Force : N
Tension : N
Compression | N
Torsion : N
maxG

ground Contact

ublocks
Ground Contact

values
frictionCoeff : Real
wblocks
Skids
wblocks
Wheels
.

«comments

Assuming LG has
wheels as main focus

r Lock

«blockn

1 Door Lock

vaives
DoorLockEngagement : Boolean = true

gear Actuator
ablocks

I Gear Actuator

valuss
LandingGearExtended : Boolean = trug
—_— )
gear Cover S

ablocks ~

— Door Actuator ~
valves ~

DoorOpen : Boolean = true AN

L | N

ground Steering
spring Aspect 0.1

ublockn
Ground Steering

«blockn
Spring Aspect
vaiues
minSpring : N/m

valuas
steerAngle : rad

woWSensor

ublocks
WoW Sensor

| values
WeightonWheels : Boclean

maxSpring : Nfm

gear Lock
ublock» shock Damper
— Gear Lock 5 «blocks
P values Shock Damper
GearLockEngaged : Boolean = true [ s

minDamping : Naim
maxDamping : Ns/m

1.1 Logical Decomposition Signoff

Last Modified: 4/17/20 2:44 PM by ben

B EXPORT CSV

T FILTER TABLE

Table 1. Logical Decomposition Signoff

Approved Elements

Landing Gear Logical Architecture 50

Skyzer UAV System_v2

Risk

undefined

50 undefined

Approval Status

Approved By (SME)

Approved By (Class-Desk)

Completeness

Comment




Digital Signoff Can Align with Traditional
T e Baseline Criteria (SRR-11) in Skyzer RFP View

Legend - Skyzer UAV System
y Model artifact
7 Satisfy (Implied) B | ﬁ é 3 = o e a | ac
S SE385%9 F
Jipiifiz provides
25835358 7FE
(RS R RS [Rum—— :
sBestgic evidence for
B A . .
= [ 1.3 Performance Requirements A BN BIE TR TE B E SETR t
- [F 1.3.1 Max Speed o crl erla
- [# 1.2.2 Cruise Speed ¢
- [# 1.3.3 Max Payload Weight '
- [# 1.3.4 Operational Radius " v
+ [# 1.2.5 Recovery Condition s
- [E 1.2.6 Operational Altitude v
[l 1.3.7 UAV Operation Pericd e v

PerformanceRequirements

+ ADD

Performance parameters are used in Evaluation model. To maintain the evaluation process, these value can't be redefined in contractor's system model. Therefore, this performance table inherits the

value properties defined in Skyzer UAV System. C riteria i n existi ng

NAVAIR Systems Engineering
2.56.3.1 Performance Requirements SignOff Technical Review (SETR) for SRR

+ ADD

Last Modified: 12/7/18 11:47 AM by ben (can Dig ital Signoff subsume SETR)
+ ADD
® EXPORT CSV T FILTER TABLE
Performance Requirements SignOff
Approved Elements Risk Approval Status Approved By Comment
PerformanceRequirements  medium vaiue | B 4| x - Criteria SRR-II 1.f. - Requirements traceability from the CDD to the requirements baseline has been documented
to be defined
¥ undefined
Cisizay

rejected

RFP: Request for Proposal
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Digital Signoff for Source Selection Technical
Evaluation Done In the Model

SYSTEMS ENGINEERING

VE Surrogate Pilot Switch Org

Search selected project

Project: Skyzer_RFP_Altair_v2 v @ > B Skyzer_RFP_Response

® @ &% | B + O & DOCLIB

v [l Skyzer RFP_Response
» [ 1 Volume | Executive Summary
» [ 2 Volume Il Technical Descriptic

@ EXPORT CSV Y FILTER TABLE
» [ 3 Appendix

Technical Cross Reference Sign Off

Approval Approved

Approved Elements Risk Status By
Air Vehicle Performance; medium  approved Donald
Operational Radius Polakovics
UAS Capability very undefined  N/A

small
Air Vehicle Performance; medium  approved Donald
Endurance Polakovics

DAU / SERC WRT-1018 Mark R Blackburn, PhD

@ & © |5 & &EXPORT

2.1.1 Technical Cross Reference Sign Off

Comment
Evaluation Worksheet: Overall the aircraft far exceeds the operational radius
KPP.

Potential Strengths: Very significant margin for additional mission capability
and versatility.

Weaknesses: Aircraft may be larger and more expensive than necessary to
do the mission.

Deficiencies: None

Uncertainty: Performance analysis could not be reviewed in its entirety due
to some inconsistent data. Margins seems large enough to cover this
however.

N/A

Evaluation Worksheet: Overall the design appears to have sufficient
endurance, with adequate development margin.

24



SYSTEMS ENGINEERING
Research Center

Used Hyperlinks to Discipline-Specific Models and Researching

How to Create Digital Signoffs for these Analyses & Tools

VE Surrogate Pllot Switch Org

UAT Help ~ M

Branch: master

Project: Skyzer_RFP_Altair_v2

# » B Skyzer_RFP_Response

B @ £ L i £ DOCLIB £ @ O |5 = LEXPORT~
Filter items in the tree Engineering Activity Checklist @
+ [ Skyzer RFP_Response |
« [ 1 Volume | Executive Summary Offeror's Proposal System Model Element or (£4
B 1.1 ES-1 Offeror Summary Table Documentation Base Vol/Annex and Associated Page S
B 1.2 Technical Summary ENGINEERING ACTIVITY DELIVERABLES Number o)
~ [ 2 Volume Il Technical Description . . ) —_—
B 2.1 Technical Cross Reference M Eagle Eye Surrogate Engineering system model, supporting CAE models and EagleEye Surrogate Benchmark
« [ 2.2 Design Overview - Diagram Benchmark performance results to satisfy the “Requirement Model" or “System  J
B 2.2.1 Propulsion Subsystem Model" (IM30) and KPP metrics. 1_
: ;:; ::::;Zi;:sz::;m Sizing Study Take off weight, empty weight, fuel fraction, warm up, take off, and  Sizing Script @ Altair365 |;
B 23 Iﬁs.sign Analysis v landing weight fraction. Mission segment fractions. 1
~ [ 2.3.1 EagleEye Surrogate Ben Conceptual Trades - Tilt Rotor  Airframe CFD models, co-efficient's of lift and drag, respective Conceptual Trades - Tiltrotor vs Ducted Fan
I 2.3.1.1 Aerodynarmic Analy vs Ducted Fan propulsive performance results for both concepts.
B 2.3.1.2 Endurance Study
B 2.3.1.3 Maximum Speed ar Initial Weight Targets Targets set from task 1C. WeightBudgetScript@Altair365
I 2.3.2 Sizing Study and Initial ¥
~ [ 2.3.3 Conceptual Trades - Tiltt Vehicle CAD and packaging Vehicle package space definition and majoj tem locations. Vehicle CAD and packaging
B 2.3.3.1 Tiltrotor Design Technical Data Package.
I 2.3.3.2 Ducted Fan Design i ) ) ) ) . _ ) )
B 2.3.3.3 Rotor Selection Tat Thrust/Weight Wing Loading Airframe load case matri Thrust/Weight Wing Loading Calculation
i 2.3.4 T)5) Applications Places System = -I i = o) #® Thu Nov 29, 13:54
D = o )=
k2352 Untitled - HyperWorks 2017.2 ~alix
L c File Edit View Model Results Annotations Tools Preferences Applications Help
h236¢
v Barsife-a--%-%-Z-| 0 - i#l 0 d[EESHIR B QLA R QG4 U ¢ QinBR Lol
hz3 8 el
Il 2.3/Session Results x
. B = o 2 5 antour Plof ’ ;
23 ‘E < r% oo [y ﬂ e i 2D & 3D)(vonMises, Max) v plm,s:: ‘;‘
‘238\4”'“ IDQ: m@
L & Model 1 @ @ -,,.' o .
K239 7 8 750E+05 lculations
L 2 7 500E+05
» [ 2.4 Perfor [2]/subcase 10 (LC_10_seaLev 45 deg) E L ¥
v i 3 Appendix |21 static Analysis =i g- ‘.,w
B 3.1 Attair |~ = Ll — Los0e
B 3.2 Atair] F 0 & ok 22 m e RS
i ' Entities i D@ & ;‘B@‘ ‘_;ég‘“"
g Assembly Hierarchy
5@ Components (27)
& Load Cases
= g% Plot Styles (3) - Q@ @pyom B-@-BhF I 1SR L VILFES LB LS SRR
@ sets () ©-00000———=0
8 Views (1) |
& g Measures (2) Result type: -] Selection: Averaging method: Value filter: Display | Legend | Result
Resufts | [Element stresses (20 & 3D) () ¥ ;l Components |_4] [None o] Nne el
| [vonmises ~|  Resolved in: r 10 (%)  Min: )
Name!Valus -l Layers:  |Max |- Analysis Systam - | Averaging Optior Multiplier: 1
‘ B ;}ﬂ Envelope trace plot: Offset: 0
| « —o ) <« Edit Legend... | ls
DAU / SERC WRT-1018 o entites selected 25
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VST NN NG Need for Further Maturity/Assessment

e We still have to formulate the various categories of Digital
Signoffs —and associated templates to support them

e We have to formulate the set of Digital Signoffs that would
represent classical baselines at key review points such as the SRR,
PDR, CDR, TRR, and so on

e \We have to investigate the measures used to create
Digital Signoff Metrics

2 Signoff Metrics

: 4 Number Of |, Number Of High 4 Ratio Of Approved | ., Ratio Of Rejected _ .

r ] — M |l I M

& caDate  '<h gonoffs |V  RiskSignOffs |  SignOffs  |™  Sign Offs wa Average Risic
1 2020.04.17 1344 5 1 0 0 55

2 2020.04.29 16.54 5 1 0.6 0.2 40

Figure 6. Signoff Metrics
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Continuous Updates of Discussion Threads Provided
S eagaton fantar o on Public All Partners Network

®  © @) (5)SET Surrogate Pilot - APA! x e
& C | & Secure | https://community.apan.org/wg/navair-set/set-surrogate-pilot/

4 opon = Search
This is a Private Group - Content is only visible to group members.
SET Surrogate Pilot m

Announcements Discussions Documents Resources Members Mentions More
Today 306 Member as of 7/7/2020 £ e - Briefings
. Mark Blackburn L4 VideOS

Ontologies for Systems Engineering
Barry Smith conducted an ontology bootcamp for the Systems Engineering Research Center (SERC) on Dec 5, [:‘Sh[-"fup ‘S'EE‘ED She_d ford‘_he j:p?se M Od e I S
2017. The videos for that meeting did not come out all that well, but Barry did a similar set of videos on the same of sharing information regarding the S&

Transformation § te Filot as 1 1
subject in January 2018. There are five related videos that completes this bootcamp. The first vidgo is here: p_;??;,g:gauf;gir[igzEH[IJO[ ® b D ISCUSSION th read S
https://www.youtube.com/watch?v=bj8mSbHh-ga&list=PLyngZglI3WTgK3gMmOWt4VDIbh-xB3Ejk Barry also
discusses a related effort that is being worked by the new organization... You are an Owner of this group. ° | nstru CtS to see

Email digest options

models on AWS

Manage members

Jeff Hopkins and 1 other joined the group SET Surrogate Pilot Export group

APAN options

More

21 May 2018
Access at:
Brittany Friedland and 8 others joined the group SET Surrogate Pilot.

@ https://community.apan.org/wg/navair-set/set-surrogate-pilot/

o

Mark Blackburn
' TR Siyeer Mission Model -May 21, 2018 NOTE: Currently updating Research Group for Phase II
This is the Skyzer Mission Model that was generated from the Openiv . .
sion model that is provides as part of the Request for Proposal (RFP) https ://Com m U n Ity- a pa n 5 0 rg/Wg/n ava I r'Set/resea rCh/

. Mark Blackburn
There is a way to add distribution statement, and the most easy way is to use the View mechanism through DocGen

Digital Signoff Video with Overview: http://www.markblackburn.com/MBSE/WRT_1006_Digital_Signoff Video 4 29 2020.mp4
Digital Signoff Video Example: http://www.markblackburn.com/MBSE/Digital_Signoff Example July 2020.mp4

DAU / SERC WRT-1018 Mark R Blackburn, PhD 27


http://www.markblackburn.com/MBSE/WRT_1006_Digital_Signoff_Video_4_29_2020.mp4
http://www.markblackburn.com/MBSE/Digital_Signoff_Example_July_2020.mp4

SYSTEMS ENGINEERING
Research Center

Thank you!

Dr. Mark Blackburn
Dr. Benjamin Kruse
Dr. Cliff Whitcomb
Marlin, Ballard, PhD Candidate
Adam Baker, PhD Candidate
Wil Stock, Graduate Student
Systems Engineering Research Center
Stevens Institute of Technology
Naval Postgraduate School

Georgia Institute of Technology
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