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Systems Engineering Life Cycle

Why is everything always “Top-Down?”

o o Systems Engineering “Vee”

« Historically systems modeling is
approached with “top-down”

, Concept «——————————— -+ 0 ti
methodologies P perations
« All training material in industry is also
“top-down”
. Sarr:ple Modeli and Guidance Material Physical <«———» Implementation
are “top-down
« Very few initiatives today are being | >

developed from Concept, “top-down”

» Most system development is an upgrade
to a system, or V&V of a system in
operation today.
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Project Research
* Collaboration with Dassault Systemes and Embry-Riddle Aeronautical Research Questions:
(ERAU) Prescott, Arizona « “Why do | need to conceptualize a system | already
Summer Research with the Undergraduate Research Institute (URI) have?’
« 5 Engineering Students of Varying Disciplines (Aerospace and Mechanical) * “Why doneeda Conceptual and a Logical Domain

o o if | already have a system?”
* Students Pursuing Minors in Systems Engineering

_ ) _ * “Why can't | just start importing physical data into a
* How to approach modeling an As-Is/As-Built system using current model?”

modeling methodologies.

* “Why can’t| go Bottom-up/Reverse Engineer the
« Literature review revealed little to no documentation, step-by-step SRl
guides, or guidance on how to approach an MBSE effort for an As-Built
System

« This project defined several research questions _
o _ Research Questions were also formulated around
« Students were able to attack these challenges with little no bias on how observations of deployment of MBSE in industry.

to attack this challenge

» Ascenario was created to create the mindset needed to support this
work:

incose.org | 5
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Top-Down MagicGrid Framework V2

* Typically MBSE is attempted Top-Down
using a framework such as MagicGrid

» Concept to Logical is most common

* |tis not common to model the Physical
Domain

» Except when you have an as-is/as-built system!

* No guidance on the Physical Domain, or
attempting to Reverse Engineerinto a
model.

* Physical domain is historically captured in
Documents, Databases, CAD models, and
Software Repositories.
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NEoS: Meet-in-the Middle

Nothing Documented in Aerospace, Nuclear, or Missile Systems Yet!

In systems engineering, traditional development processes often follow a top-down approach, progressing from conceptual design to physical implementation.
However, when upgrading existing systems, a "meet-in-the-middle" strategy—integrating both top-down design and bottom-up analysis—can be more effective. This
approach facilitates the alignment of new system requirements with existing system capabilities, enabling more seamless upgrades.

Documented Meet-in-the-Middle Approaches:

Human Systems Integration (HSI): HSI is an interdisciplinary approach focusing on the interfaces between humans and technical systems. It emphasizes integrating
human considerations into system design and upgrades, effectively combining top-down requirements with bottom-up human factors analysis. This integration ensures that
system upgrades are user-centric and operationally effective. Wikipedia

System of Systems Engineering (SoSE): SoSE addresses the challenges of integrating multiple independent systems into a cohesive whole. It employs a meet-in-the-
middle approach by considering both overarching system objectives (top-down) and the capabilities of constituent systems (bottom-up). This methodology has been applied
in various domains, including defense and transportation, to achieve effective system upgrades. Wikipedia

Scholarly Documentation of Successful Applications:
Several scholarly articles have documented the successful application of meet-in-the-middle approaches:

Railway Modernization: Research published in the Proceedings of the Institution of Mechanical Engineers, Part F: Journal of Rail and Rapid Transit detailed the
development of system models to facilitate the adoption of innovative technologies in Great Britain's railways. This study employed a meet-in-the-middle strategy by
integrating top-down system requirements with bottom-up analysis of existing railway operations, leading to successful modernization efforts. Wikipedia

City Waste Management Systems: A novel methodology utilizing middle-out, model-based systems engineering techniques was applied to the development of city waste
management systems. By balancing top-down policy directives with bottom-up operational data, this approach led to more effective and sustainable waste management
solutions. Wikipedia

These examples illustrate the efficacy of meet-in-the-middle approaches in upgrading complex systems by harmonizing new requirements with existing capabilities.

incose.org | 7


https://en.wikipedia.org/wiki/Human_systems_integration?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/System_of_systems_engineering?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/Vitech?utm_source=chatgpt.com
https://en.wikipedia.org/wiki/Vitech?utm_source=chatgpt.com
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" 1 Establish Stakeholder Needs
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Stakeholder Needs

ENGINEERING STAKEHOLDERS

Communicating and agresing to build & system

REGULATORY

INDUSTRY EHD USERS

Why Populate Stakeholder Needs?

« Early VV&A, Completeness Checks

» Customer and Industry Compliance

» Requirement Development for Upgrades

 Traceability in a Source of Truth

» Assessment of Mission Level Changes

 Traceability and Evidence of Standards and
Industry Design Constraints

a— A
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2 Define the Conceptual Architecture
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SYSTEM CONTEXT

The System Context establishes the initial
blocks of the system and its external
connections

This set of blocks defines the Context of the
System of Interest and the Package
Structure

|t enables capture of the external interfaces
and functionality of this system today (the
as-built) as it interacts with the environment
and other systems/entities

bdd [Package] 2 System Context[ SRM System Context IJ

xzystem contexts
SEM Context

wexternals
Atmospheric Effects

wexternals
Launch 5ite

aexternals
Test Equipment

aexternals
Weather

gexternals
Threat Target

aexternals
The US Military

gexternals
Launch Team

wzystems

Solid Rocket Model [SRM]

incose.org | 12



| Conceptual Subsystems & Component Decomposition

Conceptual System Decomposition

bdd [Package] 2 Conceptual Subsystems [ SRM Conceptual Subsystems IJ
#Systems
Solid Rocket Model [SRM]
i It
structure Subsystem, propulsion Subsysteml avionice Subsystemi power Subsystem countermeasures Subsystem_l payload Subsyst ml ignition Subsystem
*sUDSYStEms wsubsystems asubsystems | «subsystems | #SUDSystems stem: | wsubsystems
Structure y Ision Subsyst: Avionics Subsystem | Power Subsystem Countermeasures Subsystem d Subsystem Ignition Subsystem |
.
& & & B = &
Stucture ¢ SR Comp Avionics; Componenl Power Components Countermeasures Components Payload Components Ignition Components
These
Blocks help bdd [Package] lgnition S5 Ignition Components ]J
define
package asystems
structure, Solid Rocket Model [SRM]
libra ries, ignition Subs‘,rst&mi
and the wsubsystems
further Ignition Subsystem
context of | ,
the System
of Interest intialization Component energy Release Component ignition Detection esad
incose.org | 13




INcGSE Conceptual Configuration

Planned upgrade for the Ignition Safety Device to New Technology

ibd [Block] Az-Buit Conceptual Configuration [ Az-Buit Conceptual Configuration ]J

solid Rocket Model [SRM] : Solid Rocket Model [SRM]
th
ignition Subsystem : Ignition Subsystem e
'_ launch Team : Launch Team |
: Electrical Power - - - - Data Sighals [ |
Arming Device : Arming s — eIl < i L operator : Operator
Launch |
|
__________ |
: Electrical Power
: Enwironmental Stimulus:i tmospheric Environment : Atmospheric Effects |
- e Ly L
-
Barometric Pressure, e
: Elg Humiclity,
Temperature
: Data Signal ignition Detection : Ignition Detection
: Data Signals
A : Electrical Powver energy Release : Energy Release
Current [«
- Electrical Power
Y
Povver
power Subsystem : Power Subsystem
: Electrical Power L distribution Controller : Distribution Controller 'j] : Electrical Pdwer
—f_ﬂ A
: Electrical Powe Powver battery : Battery [1..7] Sy=tem Upgrades
: Electrical Powve . Planned Component Uparade
[ Mo Change
ncose.org | 14
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3 Use Conceptual Architecture to “Inform” Package Structure
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4 Define the Physical Architecture
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Negse o
- Physical Domain Data in SysML

» The Physical Domain is not typically modeled in
“Top-Down” model development
° Whyf? IGNlITE;R

»  CAD models, Numerical Models, Prototypes, -k Soun
and Software Repos are more effective at h )T

L
communicating physical design R s
*  These were likely made before the MBSE I !
effort was implemented Dj—\g—% | avrear .
»  What does the system design look like before : M{ BEE B Noprle
SYSM L? gl | Pressure
»  Documents! ! o™ Motor
»  The Physical Domain is what most projects want casing
to import into a SysML Model Bottom N
The Wiring Diagrams _— | T Flsnge
*  Bill of Materials (BOMs) Do : s Ne
«  System Design Documents (SDDs) T2¢Cm;bmez"0:;§ ; e N
Speed controller 1 $8.45

Power supply $15.84
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Physical Configuration —to-Be (Proposed)

Which vendor provided component will be implemented into the new To-Be Design?

bdd [Package] 2.1.7 lgnition S5 Implementation Domain [ 4.1.7 Inttialization Comp Implementation Domain ])

wzubsystems
Initiation Safety Device
75

wfullz
Teltonika CABLE - 4-way

Poweer In: MIL-C-35999 13 pin connector

1 - Povver afully

THREAD - 1316 - 16

2BLACK - Groune

3 GREEM - InfOot
THREAD - SAE J1926-1

4VWHITE - IniCut
A0 -1 - 12 UMJF - 38

1 RED - Powver : ~d-Way Power Cable Energy Out : Energy Transfer Energry Out : Energy Transfer

System Upgrades
. Planned Component Upgrade
[ Ma change

incose.org | 18
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INCOBE
UPGRADED INGNITER SCENARIO
Design, Trades, and Early vv&A

bdd [Packzge] x_Technical Solution Domain [ lanition Concept to Physical ]J

bdd [Package] 4 lgnition Parameters | Ignition Pressure Analysis ] |

Physical-Level of Abstraction

— Generalization

«systems - = =
’ aperformanceReauirements
. Solid Rocket Model [SRM] +blocks
Conceptual-Level of Abstraction Vendor 1 Initation Safety Device Teledyne pstaReshBes
= sconstraint -
wendor 1 TPM: Time to Peak Pressure Time to Peak Pressure d="8e"
«#subsystems = errie: | srefine= ; Text ="The igniter shall
n Subsystemn vendor : String = Teleriyne {TPP < 42} o mdm)
Time to Peak Pressure : Real = 40.0 et pressure outpul in less than
Peak Output Pressure Min : Real = 20.0 TFE - Resl 42 miliseconds.”
Pesk Output Pressure Mas - Real = 45.0 TP 2 =~
et Veight © Real = 250.0 ~ evert
Pyrotechnic Output - BKNOS : Real = 26010 ety
\Wice Operaling Yoltage Range Min - Real = 24.0 ~
\Wice Operaling Yollage Range Max : Real = 34.0 rsquirements L
Pyrotechnic Ignition N
iwhich one will Id="79" AestCases
Sststy i Text = "The pyrotechnic averifys _ |Time to Peak Pressure Test Procedure
equiremer compasition of the igniter - T 7
- o shall be ignitable over the -
ST T Vendor 2 Inifiation Safety Device Contractor X environmental range 7
P ~ required by the application .
- E 3 5 averitys
e e constraint!  Tine to Pesk Pressure (Whatis the range? Is this ",
~ £ = temps?)* P
. ‘endor : String = Teledyne .
Time to Peak Pressure | Real = 50.0 7
Peak Culpu Fressure Min - Real = 46.9 hunclionalRequirement: 4
Peck Cutput Pressure Max - Real = 1407 \gniter Burn Rate
COMmTaTe et Weight - Real = 250.0 d=ar
. Gperating ‘akage : Resl = 250 =
e <b:°l°’<";m e These provided parts from the Text = “The pyrotechnic
‘endor n lon e iti ignit
Safety Device Teledyne Vendor 2 Initiation cantractors are "types" of 2:!??:&'2‘?@’ :;Efnﬁ;n;rxe
-“Eﬂfﬁ‘t!f T:"lc; Initialization Safety Devices" properties requied to
i nacton achieve the necessary
energy output rate without
overpressuring the igniter
Relationships G

Physical Design Domain - Ignitor

Early V&V of New Design




(O3t 5 Import System Requirements
(As-Built Requirements into the Physical Domain)
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~ ldentify Your Modeling Needs/Outputs

Establish the Focus of the Modeling Effort. What needs to be output from the model? What needs to be upgraded?

6 Use the Conceptual Domain to:

- Model the As-Built System for Gap Checking and Requirements Completeness
- Use the Model for Design for Reliability (Top-Down)

- Construct As-Built and To-Be Design Configurations from the Conceptual Abstraction Level
= To upgrade a system evidence must be presented in formal review from the model.
= Utilize Parametric, Queries, and Validation Rules to Analyze “Deltas” Between As-is and To-Be

7 Use the Physical Domain to:

- Import Inventory Lists, Bill of Materials (BOMS), or Logical and Functional Physical Data from 3DX
- Construct As-Built and To-Be Design Configurations from the Physical Abstraction Level

- Perform new item level analysis for Design, Safety, Reliability, and Risk
= To upgrade a system evidence must be presented in formal review from the model.

Note:

« The basic modeling data which has been constructed up to this point will support further SysML analysis
where it is desired in the program.
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- 6 &7 Populate Model with Data that Supports the Upgrade of the System
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INCOBE g Design for Reliability
(FMEA, Hazards, Risk, and Safety Requirements Analysis)
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O3t 8 Design for Reliability

Failure Analysis of Ignition Subsystem

Criteria
’V Element Type: | FMEA Item | Scope (optional): | FEMA Elements iy Filter: |Y‘
L= Hazard Analysis
# 4 ld MName Classification Failure Mode ltem Local Effect Of Failure Final Effect Of Failure | SEV Mitigation Hazard v
- Reference
Analysis
1 1 (® Ignitor Fails electrical ) Ignition Failure B2 Ignition Subsystem 55} '2:::: E);;;Ioswes on the @ Aborted Launch 5 Q 114 gniter Redundancy [ T ® R-1Igniter Failure
Too high thrust u trolled L h 117 Controlled Igniti R-2 Total Syst
1 2 ® Hard Start mechanical @ Ignition Failure | Solid Rockek Madel (SR | 100 Mg s @ Uncontrolled Lounchl, @ 117 Controlied Ignition gy | -2 Total Systern
0 112 Fuel Grain Control Failure
3 F-3 @ Soft Launch mechanical @ Ignitian Failure &= solid Rocket Madel [SRMA] @ Insuficient thrust @ Failed launch 3 o e Complei.:e Ignition B true
0 118 Fuel Grain Contral
4 |ea Rapid Unscheduled hanical @ lanition Failure & Energy Release @ Too high thrust @ Explosion 5 ° 118 Fuel Grain Control u true
) Disassembly mechanica 3 e © 117 Cantralled Ignitian
Criteria
’7 Elermnent Type: | Safety Analysis tem | Scope (optional): | Failures {hy | Filter: |Y’
# Id Initiating Cause FMEA Reference Hazard Sequence Of Event Hazardous Situation Harm
1 R-1 (i) Igniter Failure (£) F-7 Ignitor Fails 2 2 Mo iginition () Mathing happens ) Arrmed explosives on launch pad | () Danger to launch pad/crew
2 R-2 ) Total System Failure @ F-2 Hard Start @ B Cwerighition @ To much dy @ Uncrontolled launch @ Loss of rocket

€5 Aborted Launch
@ Armed Explosives on the launch pad
(® F-1 Ignitor Fails B (® R-1 Igniter Failure

] Ignition Failure
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':CC_* E 9 Populate Viewpoints and Output Design Evidence from the Model
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Bring
Configurations
into the
“Middle” for
Finalization
and Formal
Review.
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Research Findings & Recommendations

Research Questions

“Why do | need to conceptualize
a system | already have?”

“Why do | need a Conceptual
and a Logical Domain if | already
have a system?”

“Why can't | just start importing
physical data into a model?”
“Why can't | go Bottom-

up/Reverse Engineer the
system into my model?

Research Answers

You need to document, understand, and use
the Conceptual Architecture to Inform the Model
Organization.

The Logical Domain should be transformed into
the Physicall Domain, A “Solution” already
exists.

No Framework today addresses the Physical
Domain in SysML Modeling. You need to
Organize the Physical Domain in a way
effectively employ Reuse, Language
Constructs, and Compliant SysML View Points.

SysML was developed with Top-Down model
development in mind, there is little defined in
the physical domain to support an efficient “way

up.

Recommendations

Gain full understanding of the
Levels of Abstraction

Identify Scope of Modeling
Effort and Data Sources

Tailor A Framework to
Manage the levels of
abstraction

Create a new place in the
model to manage viewpoints,
model evolution, and analysis
of the upgraded system.

Stand up Modeling Plan and
Configuration Management
early to mange modeling

workload and outputs,
incose.org | 26
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What is The Way
Forward?

*  SysML V2 Transition

* Ultilize Generative Al Technology

for Rapid Model Development
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