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Digital Transformation
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Digital Engineering: MBE and PLE e
Digital Engineering Goals for Transformation
— MBE: “Leverage” the transformation to digital representations and communications through digital artifacts
— FfI?-F?LE: “Integrate” tenets of Product Line Engineering with Feature Based Variation to manage Product
offerings
—  Ecosystem with interconnected infrastructure, environment, and methodology to exchange digital artifacts
from an authoritative source of truth
Model Based Engineering (MBE) Feature-based Product Line Engineering (FbPLE)
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SHARED ASSET SUPERSETS
MBSE = Model-Based Systems Engneering  MDSD = Model-Driven SW Development
MBD = Model-Based Definition MBM = Model-Based Manufacturing
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MBSE: Reference Missile Model Library of Reusable Modeling {'f\.
Elements and Behavior ¥
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MBSE: Missile Composing with Open Systems Architecture

Compliance

Composing a Missile
Model

T v _Bew. wawd WAL Al AR e
—.
VI T -, - e

i
N .

D e Ini am e w

Generate Block

Feature Models Identify
Component Selections

’
| DAl e

P e

Missile Model Populated
with Feature Selected
Components

Validate Open

Systems Architecture

S~ e
LU
e
[}
’
3 s
g ¢ 9
i i |
W Nl 2 - .
. _ . '
9 N e ~ LI ] L]
= <4 - =8 ‘B i
- e =0 5
e e LN 1 )
o Covwers i i ]
- -— “ . _ '

Components Mapped
to Architecture Domains

Interface Simulation
Generated Sequence

Analysis of
Alternatives
Simulations

6 Degrees of Freedom
Performance
Simulation

Generate System
Design Specifications

—> and Interface

Diagram State and Activity Flows Compliant Interfaces Diagrams Specifications

6

Raytheon Unrestricted Content U
This document does not contain technology or technical data controlled under either the U.S. International Traffic in Arms Regulations or the U.S. Export Administration Regulations.



Trade Space Design: @\\.
Composing Disruptively-Lower-Cost Solutions

- Proliferation of modular design configurations (purple dots)
— Fall on a LOWER cost curve than parametric solutions
— Performance evaluated in simulations using composed configuration input files
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Trade Space Selection using Proliferation

Digital Library Dynamic Rule-based System:
- Mission rules

L 4 \ @i, | - Platform rules
54 »

> e - Physics-based rules

- Interface rules
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Techniques to Pare Down the Trade Space
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Enabling Teams-of-Teams s

Allowing teams-of-teams to produce systems-of-systems that are modeled as
product-lines-of-product-lines

Missile (Level 1)

* Top level of product line that manages the complete product

Section (Level 2)

= Assemble modular and reusable sections of the missile

Corporate
Governance

Technology (Level 3)

+ (Govern missile technologies and their interconnectivity to abstract away from component
design teams

Component (Level 4)

* Physical component development

Individual Team
Governance
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Technical Data Package (TDP) Generation
using FOPLE

Configurable ltems:

Architectural Models

Interface Documentation

Technical Drawings

Component models

* Requirements

« Design Elements:
software, firmware,
hardware

Design Documentation

 BIill of Materials

« User and Training
Manuals
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2 Requirements

2.1 Performance Requirements

The system shall have a mass of Ilb +/. 0.51bs

2.2 Non-Functional Requirements

When (Pesformance >= {Mass))
Select,
When (Pesformance >=
{Frequency])
Select

{
Apply *_HZ_" > 300"

The system shall be colored red as defined by the RGB  When (Functional >= (Red})

value [255,0,0]

Select;

2 Requirements
2.1 Performance Requirements

The system shall have a mass of 1lb = 0.5Ibs

The sytem shall operate at a frequency of 500
—_

2.2 Non-Functional Requirements
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Component Design Acceleration and Cost Avoidance

" Accelerates reaching major milestones
(SRR/PDR/CDR) in a few weeks/months

" Increased cost avoidance with each new
product added to the product line of missile
products

" Reduce program development time by having
defined functional and interface specification
configured in the model

]

EFFICIENCY

= Ability to rapidly develop and compose affordable
systems using modular open system components
connected through consensus-based standards

" Provides visualization to assess the impact of

variation on product designs enabling informed and

deliberate cost benefit decisions

= Common approach to identifying variant features
across the portfolio of missiles

Missile Configuration Options

Digital Library
Component
Products

Design to 3 3 3 Assemble
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1 Design to Order
Il Assemble to Order
I Purchase to Order
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PERFORMANCE

® Rapid automated configuration of operational and
logical designs to meet future program’s needs such as
critical timelines and cost for delivery.

® Future proposals are more competitive through the
ability to propose reduced NRE due to re-use

= Common missile designs reduce development and
manufacturing cost using common components

® Programs gain additional capabilities from sharing
improvements across adopting programs

® MOSA and interface standards compliance (WOSA,
UAI) to support customer required open architectures

RISK MITIGATION

" |ncreases quality, reliability and reduces escapes by
centralizing updates and bug fixes across adopting
programs

® Reduce program execution risk by supporting
programs with a core team of experienced experts
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Conclusion

Provide a subset of input parameters to generate validations and simulations for chosen candidates, to speed
up qualification (or dis-qualification) of design candidates

Establish a trade space by proliferation — that is, automatically generating all possible
solutions -- allowing us to explore never-before-tried innovative solutions

Manage the complexity of our product space by capturing tribal knowledge
through configurator-provided capabilities such as product families, partial
binding, component omission, feature down-selection, bundles, and assertions

Structuring our product line as a product line of subsidiary product lines, allowing
teams-of-teams to specialize in various subject matter areas without unnecessary
FbPLE overhead

i

Generate a technical data package for a chosen solution, including SysML models,
interface control documents, requirements specifications, drawings, bills of materials, and more

Increase process efficiencies and performance while mitigating risk and reducing time to market through a
migration from a design-to-order to an assemble-to-order paradigm
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