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Sandia National Laboratories (SNL) Enterprise
Pillars

The Foundation

Murture and advance our
capability-based science
and engineering foundation
through innowvation to enable
maore 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 dispasal far all current
and future weapons are
resilient to subversian
attempts
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Integrated Weapon
and Physical Security

Create system solutions
based on intelligpence-
informed threat
assessments that provide
security for LS. nuclear
weapons throughout their
lifecycle
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PEOPLE, FACILITIES, AND TECHNICAL CROSS-CUTS
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Stockpile Evaluation
and Assessment

Drive agile, sustainable,
forward looking assessment
of U.S. nuclear weapons
safety, security, and
effectiveness through
engagement and application
of Sandia's broad
capabilities
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3 ‘ Current Stockpile, Nuclear Triad, & Design

-
ALWAYS perform when intended

WNEVER at any other
unapproved time
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NS4 WEAPONS PROGRAMS




3 ‘ Unique Nuclear Weapon

Warhead systems engineering
& integration

Multi-disciplinary capabilities required
for design, qualification, production,
surveillance,
experimentation/computation

Major environmental test facilities & diagnostics
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Materials
Science

Computational
analytics

Light
initiated
high
explosive

Activities

Design agency for
Non-nuclear components

Safety systems

Gas
transfer
systems

Arming, fuzing & firing systems

Neutron generators

Production agency

Sandia External Production

MESA
microelectronics

Thermal
battery back up

Neutron generators



5 | Phase 6.X Process for NW Product Realization Lifecycle

Nuclear Weapons Product Realization Lifecycle: System Level Milestones

Version 1.1
>3 - o ,: .
1A ‘

Feas. Study & Option 624 Development Production E
6.X 671 Concept G, 2 Down Select . .:'-’..‘s.'fi’ 6.3 Engineering 5'4 Engineering 555
Development roduction uantity Prod,
Phase 3 Engineering Engineerin & Life Ext.
Concept Feasibility Cost Conceptual Baseline e o I
SIS Assessment Stucy  Study D:;f.uj-: Design Engineering Al A

Field an appropriate response to a high-confidence Draft Goals and Ends for
~— assessed threat before Initial Operating Capability of that

(o]0)

=

o]0 .

T threat. the Nuclear Security

- 55 - . o - Enterprise (NSE)

Q . :
=8 Agree upon the appropriate response to a technological 1. Reduce Time to Perform a Life
+ ‘q:) surprise within three months of discovery. . Extension Program.

_g O s T e 2 - Field an Inherently Safe and

@) QCJ e Secure Stockpile.

% - ~ Perform Phasgs 2.through 5 within three years of a new o Improve Stockpile Affordability.
O weapon authorization from the Nuclear Weapons Council. N

T S o 4. Improve NSE Agility and

ek e n Resiliency.

= | Complete full production cycle for each new weapon 5. Improve NSE’s Ability to Respond ‘
% within two years. - to Anticipated Mission

o

Requirements.




Two methods
toward
achieving the <
dramatic
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Modular architectures

some qualification after FPU
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8 I Focus Area Representatives

NW DESIGN
LIFECYCLE
FOCUS AREAS

Casey Noll

* Verification & Validation MBSE

e Complex testing and environment reference
architectures

b

Erik Olson

Current Cycle " p . . Objective Cycle
Time . -. Reduced qrder.mod.elln.g . Time
~12 Years e Interrelating high fidelity physics codes for <3 Years

early design engineering

Ryan Coleman

* Digital Twin data strategy for integrated
models

» Ontologically based integrated data sets




How Modeling Verification and
Validation Activities Reduce the NW
Development Time

Casey Noll

R&D Systems Engineering Served as a Nuclear Weapon (NW) component Product Realization Team (PRT) Lead
responsible for the development and transition to production of custom high reliability
components supporting multiple programs impacting the NW stockpile. Casey has his BS/MS
in Engineering Management, from Missouri University of Science and Technology and is
currently pursuing his Master in Systems Engineering from Stevens Institute of Technology.
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Verification & Validation
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How can V&V modeling contribute to reducing the lifecycle for NW?




Verification & Validation
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Verification & Validation
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Verification & Validation
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How Bridging MBSE with Reduced
Order Modeling Reduces
Development Time

Erik Olson - L P

R&D Electrical Engineering Erik Olson has a background in both Electrical and Mechanical Engineering. He has his PhD in
Electrical Engineering from University of Wisconsin. He spent the last ten years working in

Sandia’s satellite programs, and spent two years as an R&D engineer at Tyco thermal
Controls in Menlo Park, California.




s | The Role of MBSE and Reduced Order Modeling

System Architecture
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o | The Role of MBSE and Reduced Order Modeling
System Architecture
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The Role of MBSE and Reduced Order Modeling

System Architecture

e N4
e
I > TS Derived Requirements Validation
Jerlflcatlon

20

poy fﬁ;,xat
- . ; e . = %
++ _;gx«' — o - 3 — ""—
| w17 "
Functlon o - = = == T
o|——a [FF s e e | - I i e L= "-'.T:i-- 5 = o }
Models ° B e B T ok = i T — & 8 :
= = = —

i

i
N
N

I

il
o~
WY

I

Reduc = — > A
Order | — — . E'
Model ;

AT =
— .I - K . -.: = -.: : . _- -
D =R »

of]
Iy
o,

Al
[—— | ===
; A i ) N - ~I Circti
Mecha.mcal @%%v:‘.\_ Mecha.nlcal ﬁ?}.\ Therm?l ﬁ’v‘xv“b Electro . Circait __
Modeling- % Modeling - X, Modeling—  %.* magnetics RAMSES  Modeling - Xycg

Vibration  COMPSIM Kinematics COVPSIM Conduction COVIPSIVI Digital

SSSSSSSSSSSSSSSSSSSSSSSSSSS






,, | Equivalent Simulink Models
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Ryan Coleman
R&D Computer Scientist

How Data Strategy For The Digital
Twin Reduces NW Development
Time

Ryan has experience in abnormal environments and detonator modeling, and many of the
advanced simulation and computing analyses for nuclear weapons qualification. Immediately
prior to joining Sandia, Ryan was an academic postdoc in Pharmaceutical Chemistry at
University of California San Francisco, where he built and used software systems for drug
discovery. Ryan has degrees in Computer Science, Philosophy, and his PhD in Computational
Biology.
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Library of Functions; Books of Compbonents
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A Digital Twin for Components allows them to be reused to shorten development time




26 I Library of Functions; Books of Components
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s | Architecting the Connections Between Diverse and Disparate
Sources
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Connecting Data Sources will be Necessary For Success



9 | Architecting the Connections Between Diverse and Disparate
Sources
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But A Quadratic Number of Data Translations Will Be Unmanageable



;0 | Merging Complex Data Sources
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Build a Single Data Layer (Road) to Move Data, along with one Adapter (Truck) per Data Source




;1 | Merging Complex Data Sources
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Version
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Continuous .
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Allows Data Storage, Warehousing, Version Control, Access Control to be built in a Single Place
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Tip-to-Tail System Modeling
Using Reduced Order
Modeling
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.. | The Role of MBSE and Reduced Order Modeling
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| The Role of MBSE and Reduced Order Modeling
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. | The Role of MBSE and Reduced Order Modeling

System Architecture
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Interfaces:

Thermal

Mechanical - Shock / Vibe
Mechanical - Kinematic
————— Electrical — Digital

———— Electrical — Power

———— Electrical — Analog
—— Fluids

. | Tip to Tail System Level Model

Modeling of Components and Interfaces

Chassis

. Environmental Conditions

Component 3

Component 2 H — Shock/Vibe
Thermal flux
I Electromagnetic Fields

Component 4
Thermal Flux
.

Component 1

Component 5 Component 6 Component 7



« | Physics Variable Trajectories
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. ‘Connecting Passive Electrical Components
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40‘Electrica\ Modeling
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Electrical Modeling

LTSpice SIMULINK
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lectrical Modeling

LTSpice SIMULINK
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- ‘Electrical Modeling
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« | Electrical Modeling — Power Converters

LTspice FE
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. ‘Sweeping Variables to extract Behavioral
Parameters
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. ‘ Modeling Parameters as Multi-Dimensional
Polynomials

Output
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s |Power Converter ————————
Modeling Results
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» | Electrical Modeling - Charge Pump

Charge Pump LTspice Load Model Topologies
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. |Charge Pump Modeling Results
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52 ‘ Physics Model - Finite Element Model
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1 Top Level Simulink Model for Reduced
Order Shock/Vibration
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y ‘Simulink Model Reduced Order Shock/Vibration
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o ‘ PFC - Simulink Model
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. ‘Simplified Five-Mass Model
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» |Connecting Linear Continuous Time Models

Mechanical Shock/Vibe Inputs
Thermal Conduction (Force, Thermal Flux, etc)
Electrical Conduction i
Points are spatial nodes Component 1 ‘ Component 2 .
ith physi f
with physics degrees o P P P
freedom:
« Temperature Inputs P P Pis
* Displacement (Position, P P P
o 3 o 11 o 19
* \Voltage Temperatures,
ect) P P P20
Component 3 Ps P13 P
,Pe P P2
,P7 P15 P2
,Ps ,P16 ,P24
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” ‘Connecting Linear Continuous Time Models
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’ ‘I\/Iodeling Interconnects in System Model
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p ‘ Modeling Nonlinearities
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| Electrical Modeling

* Analog
* Digital |

* Power
e Electrical - Thermal
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« | Electrical Modeling

Power Supply

Ou Voltage

Outp




6 ‘Capacitive Networks
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6 ‘ Inductive Networks
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« | Electrical Modeling — Digital FPA Model Example

Modeled components:

Configuration Registers
Digital Signal Processors
Ping-Pong SRAM Memories
Counters

Comparators

Latches

Other state machines

Functions:

High-pass/low —pass image
filtering
Auto trigger threshold shifting
Commandable windows

* Force trigger

* Mask

* Return to normal
Persistence latching
Data Prioritization modes
Noise threshold pointers

A Matlab model was made of a Sandia-designed High Speed Focal Plane Array (FPA)
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| Electrical Modeling - Digital
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. |Electrical Conduction

* Chassis Currents
e Faults
e Common mode currents Ny
* Lightning
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|Mechanical

 VVibration / Shock
* Peak Stress |
* Fatigue

* Kinematic Behavior
* Deformation |



» | Lumped Mass Reduced Order Modeling




, ‘Coupling Elements as Tensors vs Constants

Displacement / “Stretching”
Force

Stiffness Tensor |
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4 ‘Stiffness Tensors in System Matrix

kxx11 kxyll klel kxx12 kxy12 kxz 12 kxxl':’, kxy13 kle3 kxx14 kxy14 kle4
kyx11 kyy11 kyzll kyx12 kyy12 kyz 12 kyx13 kyy13 kyzl3 kyx14 kyy14 ky214
klel kall kZle kzx12 kzy12 kzzlz kzx13 kzy13 kzzl3 kzx14 kzy14 k2214
kxx21 kxy21 kx221 kxx22 kxy22 kx222 kxx23 kxy23 kx223 kxx24 kxy24 kx224
kyx2 1 kyy2 1 ky22 1 kyx22 kyy22 ky222 kyx23 kyy23 ky223 kyx24 kyy24 ky224
kzx21 kzy21 kzzZl kzx22 kzy22 kzzZZ kzx23 kzy23 k2223 kzx24 kzy24 k2224
kxx31 kxy31 kxz31 kxx32 kxy32 kxz32 kxx33 kxy33 kx133 kxx34 kxy34 kxz34
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kxx41 kxy41 kxz41 kxx42 kxy42 kxz42 kxx43 kxy43 kxz43 kxx44 kxy44 kxz44
kyx41 kyy41 kyz41 kyx42 kyy42 kyz42 kyx43 kyy43 kyz43 kyx44 kyy44 kyz44
kzx41 kzy41 kzz41 kzx42 kzy42 kzz42 kzx43 kzy43 kzz43 kzx44 kzy44 k2244



- | Modeling Mechanical Vibrations and Thermal
Conduction in Simulink

Stiffness Tensors
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« | Vibration Example — Shell




- ‘Vibration Example — Beam
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s ‘Vibration Example — Shell
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. ‘Vibration Example — Circuit Board

gl:],?ﬂ

%'-l:r"‘
A

ae2t

[Click on Video]
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» | Thermal Modeling d

e Conduction
e Thermal Resistance
* Thermal Capacitance

* Convection
* Free e R
* Forced 9 |

¢ Radlatlon ) .:-":‘. — . | o :> ain Tout b

Thermal model
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. ‘Thermal Modeling - Conduction
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. ‘Thermal Modeling — Conduction Matrix
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= | Thermal Modeling - Radiation

q AT
Tl A A T2 I
(T1 - Tz) I

R= k(T2 =T,9)



. | Electro-Mechanical

 Motors / Actuators
 Electrical Connectors € Thermal < shock/vibe |
* Pyro € Thermal €< Pressure Waves



- | Fluids

Gasses / Pneumatics
Pressure Waves / Pyrotechnics




« | Electro-Magnetic Fields

Radiated EMI (Power Converters)
Radar
Other..




- | Backup Slides




” ‘ Extraction of Parameters

Four Element Example in 1D

M

5;1”5'301)("0 —X;) + (Ky#5by ) (X, = X;) + (Kg+Sbs ) (X5 = %) + (Kgq+Sby, ) (X, — %;) = M 52X,
$§z+5boz)(xo —X,) + (Ky#5by ;) (X, = X,) + (K3p+Sbs,) (X5 = X,) + (Kgp+sby,) (X, — X,) = M,s2x,
553"’5'303)()‘0 —X3) + (Ky3+sby3)(X; = X3) + (Kyg+Sb,3) (X, = X3) + (Kyz+Sby3) (X, — X3) = M3s2x,
(_k:4+sb04)(x0 —Xg) + (kyg#+sby,)(X; = Xg) + (K +5b5,) (X, = X,) + (Kgg+Sbs,) (X5 = X,) = M,s2x,

Multivariable Regression

M,
kLl(xo =Xy +h(vo —Vy) +&(xz —Xy) +E(Vz —Vy) +MX3 = Xg) + 3y (V3 = vy) + Kyy (%5 — %)) +i("4 —-Vv)=a;
M, M, / M, M, M, M, M, M,

Known /

Unknown

Solve for Unknowns = Extract Stiffness and Damping tensor components
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M2
g Kig 3 Ky3
Kso K
AN 24 vs
K4o

>
Xo » Vo

M4




‘ 4 Element System in 1D

Input: x,, v,

KZO
M2
g Kia g Kys
K3p K
WA = M3
Kso

Xy » Vo

M4

(11111

Matrix
Multiply

Diagonal

Diagonal

Element
Multiply

oa
1/M,
1/M,
1/M,

1/M,

Position

Acceleration

integrator

—>{ 1/s

Velocity J

integrator

1/s
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Inputs

-ull System Model Simulation Indicates when
Model Components go out of spec

Component 1

Component 2

Time

Component 3

"

Component 4
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