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2 I Purpose of our Presentation

We are presenting to the following working groups:

•Lean

Requirements

•Agile

Model Based Conceptual Design

We hope to gain feedback and information
on how each of these focus areas help us
achieve our goal!

Lean

MBCD RWG

Agile



1 Overview
SNL Nuclear Deterrence Mission

Reducing the Nuclear Weapons Development Cycle

How MBSE fits and objectives

-Life Extension Programs (LEPs)

How MBSE Benefits NW Development

•Descriptive Modeling Activities

•Obstacles and Challenges

MBSE Intersection Points
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4 1 Sandia National Laboratories (SNL) Enterprise Pillars

The Foundation

Nurture and advance our

capability-based science

and engineering foundation

through innovation to enable

more agile and effective

fulfillment of Sandia's

nuclear weapons mission

Flexible and
Responsive (Sustained)

Deterrence

Strengthen the U.S. nuclear

deterrence posture in

an uncertain and rapidly

changing global environment

Nuclear Enterprise
Assurance

Ensure research, design,

development, production,

testing, storage, packaging,

transportation, maintenance,

surveillance, dismantlement,

and disposal for all current

and future weapons are

resilient to subversion

attempts

Integrated VVeapon
and Physical Security

Create system solutions

based on intelligence-

informed threat

assessments that provide

security for U.S. nuclear

weapons throughout their

lifecycle

I IES, AND TECHNICAL CROSS-CUTS

Stockpile Evaluation
and Assessment

Drive agile, sustainable,

forward looking assessment

of U.S. nuclear vveapons

safety, security, and

effectiveness through

engagement and application

of Sandia's broad

capabilities

deb

- /



5 Sandia's Nuclear Deterrence (ND) Mission

c
National a
Global

•Safe, Secure,
effective U.S.
Nuclear

Security Deterrent

 J

>
1

Today and
in the
Future

>

• Flexibility
• Responsiveness

c --
Provide •R&D

•Development

Systems •Production
•SurveillanceEngineering •Retirement

 ...1

>

Committed to MBSE as a means to reduce NW Cycle Time



6 
1 What is a Life Extension Program?

As weapons systems age sustainment activities may warrant a life extension program (LEP)
to address material aging or performance issues, enhance safety features, and improve
security.

An LEP is intended to evaluate an entire weapon system and refurbish, reuse, or replace
components to extend the service life of a warhead while increasing safety and improving
security.

Our work will focus on two LEPs to showcase MBSE
implementation efforts:

oW80-4: Thermonuclear Warhead selected for the Air Force's new
nuclear cruise missile, Long-Range Standoff (LRSO)

oW76-2: Low Yield Ballistic Missile mentioned in the 2018 Nuclear
Posture Review



7 
I Necessity for Development Cycle Reduction Activities

Uncertainty in threat evolution drives a need for rapid, responsive reaction to
non-U.S. "surprise" capabilities.

Advances in computer simulation accelerate innovation and can offer ways to
combat the increasingly long and expensive weapon-system development cycles.

Industry is evolving toward flexible manufacturing approaches, such as additive
manufacturing, that enable rapid design evolution and can lead to surprising
advances, but also to new threats.

WHY

Reduce NW development cycle time to be

responsive to rapidly emerging national security

threats.

HOW

Reach across the laboratory to enable and

leverage industry and best in class architectures,

technologies, tools, and processes tailored for NW

applications.

OUTCOM E

Reduce the 1114/ Development cycle from 12 years

to 3 years with no conlpronlise to quality, safety or

surety.



8 I NNSA Stockpile Goals for the NSE

Draft Goals and Ends for the Nuclear

Security Enterprise (NSE) 

1. Reduce Time to Perform a Life Extension Program.

2. Field an Inherently Safe and Secure Stockpile.

3. Improve Stockpile Affordability

4. Improve NSE Agility and Resiliency.

5. Improve NSE's Ability to Respond to Anticipated

Mission Requirements.

Phases 2 through 5 (Phase 6.2 — 6.5 for LEP) 
Phase 2 — Program Feasibility Study

Phase 2A — Design Definition and Cost Study

Phase 3 — Development Engineering

Phase 4 — Production Engineering

Phase 5 — First Production

Rapidly
respond to
emerging
deterrence
needs

3.1 Field an appropriate
response to a high-confidence
assessed threat before Initial
Operating Capability of that
th reat.

3.2 Agree upon the appropriate
response to a technological
surprise within three months of
discovery.

3.3 Perform Phases 2 through 5
within three years of a new
weapon authorization from the
Nuclear Weapons Council.

3.4 Complete full production
cycle for each new weapon
within two years.



9 Strategy

Two methods
toward
achieving the
dramatic
speed up:

Current Reality Alternate Reality Modified
12 seconds 3 seconds Parameters

•. .
.

..
•

•

9

•

Further Modified
Parameters

•

OM 60M 90M 100M

Move the starting line by building infrastructure

clA • Model-based design

• Common testers
• nincian lihrariec___

Component reuse

Modular architectures

etc1

i
May shorten the required
distance by possibly performing
some qualification after First

1 Production Unit (FPU)



10 1 Formation of the MBSE Department
Functional Objective 1-Conduct engineering activities using systems engineering models
and simulations to support the realization of current and upcoming NW Programs,
systems, components, and other ND related projects.

Functional Objective 2-Populate and develop a NW digital environment for integrated
models to be leveraged throughout the ND stakeholder community and establish a
foundation for the NW digital twin.

Previous efforts helped provide
the basis for the MBSE

department

7: • ;1! 11 ;1
A MODEL-BASED ENGINEERING (MBE) MANIFESTO

—11E1101CTMTPIKKIIrref N SMICKTRETEAM
COLLABORATED EXTENSIVELY ON THE AGENDA

Our concern was to ensure that we had a week-long agenda that would produce worthwhile, engaging, and conclusive conversations. The resultant
starting agenda was far too ambitious for time available. However, we had agreed before corning together that the agenda would be ours to
manipulate and adjust as the week progressed.

The final agenda that emerged encouraged conversation flowing through the
5*System of Innovation paradigm, starting with the system model of the target
system (51), working upward toward the model of life cycle domain system - the
system that manages the target system model (52), and then on to the model of
system of innovation - the system that evolves the life cycle domain system (53).



1 1 Why Use MBSE for Nuclear Weapon Development?

istisiciaini
•

Functional II
Requirements
•••••11

Interface Control

•
a Design
KKK...

Tests, Inspection Et
Evals.
EI11111111

System
Model

Analytical Models a •
Design Decisions
KREMER

P

A Model Based approach can protect you from the
challenges of your predecessors:
Aides in cost impacts of requirements changes

O Traces info throughout development and reduces data loss

O Manages information complexities across documents

O Prevents defects from arising late in the development lifecycle

Models clarify system complexities; Model-Based
Systems Engineering (MBSE) enables complex systems
engineering comprehension through:
O Improved Communication & Quality

O Design Patterns and Architecture Analysis



12 I What activities are currently being applied on LEPs?
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13 I MBSE Efforts at Sandia: Past, Present, & Future

Traditional Verification Matrix
MC•Source,-Section,-and/or.

Paragraph-lDn
Requirement.

httgencyu
Requ irement.
Passed-to-System•
Componentri

- Qualification-
Activity(iespa

Compliance-
Documentationn

Cornmentsa

MC.31.2—Gas-Transfero Yes/LANLD a 0 0

MC-3.1.3--Automatic-Disarming -
Provisionsa

Yes/S N Lc' AF&F -4 -CD414280.
Secs. -4.4.2.1,-
5.3.2[141

JT4A-17010 JT4A-1701-TR[110]&
4-i
AF&F -QER[98]0

MC -3.1.4—Fuzing -Optionsa Yes/SN LO AF&F -4 -CD414280.
Secs. -5.4.4.1[12]a

FCET-32,-FCET-35,-
FCET-36,-JT4A-1762,-
JT4A-17C2 , -JT4A-
17D2 -a

FCET-32 -TR[70],-FCET-
35 -TR[96], -FCET-36-
TR[97],-JT4A-17B2 -
TR[52],-JT4A-17C2-
TR[53],-JT4A-1702-
TR[54].-0
4-
AF&F -QERE98i0

a

MC-3.2--Environmental-and-
Survivability -Considerationsa

Noa a a Headinga



14 Descriptive Modeling: Entities and Relationships

REQUIREMENTS
ARCHITECTURE

Specifications

refined by refined by

CR.1.1

Shall perform functions on non-
nuclear subassernbly

Requirement

refined by

CR.1.1.1

Shall perform fundions allocated
to Component A 

Requirement

sped
outpi

refined by

CR.1.12

Shall utilize input One

Requirement

I Subassembly Functions

Function

refined by

CR.1.1.3

Shall provide Output One

Requirement

•••1,040•TrfM,......OVTIPIMPIPRIOT.•••••

to Component A

Requirement

erification Tree

1

ill perform functions on non-
nuclear subassembly

Requirement

basis of

F.1.1

Perform Component A Functions

Function

verified by

VR.1.1

Verify system performs functions
allocated to Component A 

VerificationRequirement

fulfilled by

VE.1

Verification Event A Test

VerificationEvent

CR.1.1.2

F.0

Perform Nuclear Weapon
System Functions

Function

decomposed by

Drm Non-Nuclear
Functions

Fundion

decomposed by

F.2

Perfoffn Nuclear
Subassembly Functions

Function

decomposed by decomposed by

F.1.1 

Perform Component A
Functions 

Function

Shall utilize input One

Requirement

verified by

VR.1.2

decomposed by

F.1.3

Perform Component C
Functions 

Function

Shall provide Output One

Requirement

verified by

VR.1.3

Verify input One utilizi

VerificationRequir

IIVE2

fulfil

Verification Event B Dei

Verification

F.2

PerFomn Nuclear
Subassernibly Functions

PHYSICAL

ARCHITECTURE

Parts and
Interfaces

1.0

Nuclear Weapon
System 

Com anent

built from

-Nuclear
issembly

I Component

built from

12

Nuclear
Subassembly

Component

built from

1.1.1 

Component A

built from

1.12

Component B

built from

1.1.3

Component C

Nuclear Subassembly
Component Component cp



15 Obstacles to and Challenges for MBSE Still Exist

• MBSE initiation (beginning vs. later

stages)

• Model acceptance as integral part of

nuclear weapon development by
project teams at Sandia

• Cultural acceptance of modeling as
discipline at Sandia

• Model utilization beyond v&v

Topic

MBSE Initiation

Description

Transitioning from MBSE as an add-on
late in the program to at the
initialization of the program

1 Single source of truth across all

Model internal program interfaces

Acceptance • A
Cultural

Acceptance

Model
Utilization

Gaining participation to build the
model accurately and keep it current
as changes are introduced

Training and awareness for users and
receivers of information provided in
the model



16 I How can we apply MBSE to reduce cycle time for
LEPs?

Lean — streamline SE Processes

Requirements — develop and manage
requirements, and tie to v&v

Agile — respond to changing requlrements

MB Conceptual Design — use requirements
architecture to create/validate conceptual design

Lean

1


