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WELCOME TO THE 61°" ANNUAL

FUZE CONFERENCE

On behalf of the NDIA Fuze Conference Steering Committee
Members and the NDIA, | would like to welcome you to

the 61st Annual NDIA Fuze Conference. This international
conference brings together the work of the top professionals

in the fuzing industry from government, private industry, and
academia; and provides an opportunity for the exchange of the
latest research and development on fuzing, with the common
goal of improving safety for the warfighter. While the history of

fuzing dates back several hundred years, and the advances
in technology have been significant over that time, many
challenges remain. Through the continuing, passionate work
of the authors, presenters, sponsors, and attendees at this
conference and across our worldwide defense industry, these
challenges will be overcome, resulting in safer, more reliable
fuzes being fielded to our warfighters.

Roy K. Streetz
Vice President Advanced Electronic Systems
Excelitas Technologies Corporation

SCHEDULE AT A GLANCE

Lunch
West Lawn
12:00 — 1:00 pm

TUESDAY, MAY 15

Registration & Opening Reception
Rio Vista Grand Foyer
4:00 — 6:00 pm

Concurrent Sessions
Salons F - H & Salons A-D

1:00 - 5:20 pm
WEDNESDAY, MAY 16

Registration
Rio Vista Grand Foyer
7:00 am = 5:20 pm

Rio Vista Pavilion
5:30 = 7:00 pm

Continental Breakfast
Rio Vista Grand Foyer

7:00 — 8:00 am . .
Registration

Rio Vista Grand Foyer
7:00 am - 12:00 pm

General Session & Keynote
Speaker

Rio Vista Grand Ballroom, Salons A-E
8:00 — 8:45 am

Grand Reception

THURSDAY, MAY 17

Continental Breakfast
Rio Vista Grand Foyer
7:00 — 8:00 am

Concurrent Sessions
Salons F - H & Salons A - D
8:00 am - 12:00 pm

Lunch
West Lawn
12:00 - 1:00 pm

Concurrent Sessions
Salons F-H & Salons A - D
1:00 - 5:20 pm

Conference Adjourns
5:20 pm
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WHO WE ARE

The National Defense Industrial Association is the trusted leader in
defense and national security associations. As a 501(c)(3) corporate

and individual membership association, NDIA engages thoughtful and
innovative leaders to exchange ideas, information, and capabilities that
lead to the development of the best policies, practices, products, and
technologies to ensure the safety and security of our nation. NDIA’s
membership embodies the full spectrum of corporate, government,
academic, and individual stakeholders who form a vigorous, responsive,
and collaborative community in support of defense and national security.
For more information, visit NDIA.org

LEADERSHIP AND
COMMITTEES

Timothy Bagniefski
Munitions Division Chair

Roy Streetz
Fuze Committee Chair

Melissa Hobbs-Hendrickson

FUZE MUNITIONS
Energetic Materials Committee

MISSION

Chair

The purpose of the Fuze Section shall be to promote an open exchange of technical

information among government and industry technical personnel, and to identify and address changes in standards, guidance,

policy, and organizational functions that impact the development, production, and performance of fuzes.




EVENT INFORMATION

LOCATION San Diego Marriott Mission Valley
8757 Rio San Diego Drive
San Diego, CA 92108

EVENT WEBSITE NDIA.org/Fuze18
WI-FI Network: Marriott_Conference | Password: fuze18
EVENT CONTACT Reneé Despot Meredith Mangas
Manager, Meetings Associate Director, Meetings
(703) 247-2599 (703) 247-9467
rdespot@ndia.org mmangas@ndia.org
PLANNING Roy Streetz Frank Fairchild Bill Kurtz Telly Manolatos
Event Chair Lawrence Fan Homesh Bob Metz
COMMITTEE Nassir Alaboud Doug Harms Lalb_ahadur Bafrry Neyer
Ray Ash Thomas Harward David Lawson Eric Roach
Ed Cooper Robert Herlein Homesh Perry Salyers
Chris DeWitt Br.uc.:e Hornt?erger Lalb.ahadur James Sharp
Mark Etheridge William Konick David Lawson Don §hutt
Byron Lee Martin Tanenhaus
ATTIRE Business casual for civilians and uniform of the day for military personnel.
ATTENDEE ROSTER, A list of attendees (name and organization only), presentation proceedings, and conference
SURVEY. AND survey will be emailed to you after the conference. NDIA would appreciate your time in
PROCEEDINGS completing the survey to help make our event even more successful in the future.
SPEAKER GIFTS In lieu of speaker gifts, a donation is being made to the Fisher House Foundation.
HARASSMENT NDIA is committed to providing a professional environment free from physical, psychological
STATEMENT and verbal harassment. NDIA will not tolerate harassment of any kind, including but not

limited to harassment based on ethnicity, religion, disability, physical appearance, gender, or
sexual orientation. This policy applies to all participants and attendees at NDIA conferences,
meetings and events. Harassment includes offensive gestures and verbal comments,
deliberate intimidation, stalking, following, inappropriate photography and recording,
sustained disruption of talks or other events, inappropriate physical contact, and unwelcome
attention. Participants requested to cease harassing behavior are expected to comply
immediately, and failure will serve as grounds for revoking access to the NDIA event.
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AGENDA

TUESDAY, MAY 15

4:00 - 6:00 pm REGISTRATION
RIO VISTA GRAND FOYER

Sponsored By L3 Defense Electronic Systems

4:00 - 6:00 pm OPENING RECEPTION

RIO VISTA GRAND FOYER

Sponsored By L3 Defense Electronic Systems

WEDNESDAY, MAY 16

7:00 am - 5:20 pm REGISTRATION

RIO VISTA GRAND FOYER

Sponsored By L3 Defense Electronic Systems

7:00 - 8:00 am CONTINENTAL BREAKFAST

RIO VISTA GRAND FOYER

Sponsored By PCB Piezotronics, Inc.

SESSION 1 - WELCOME, ADMIN REMARKS & KEYNOTE ADDRESS

RIO VISTA GRAND BALLROOM, SALONS A - E

8:00 - 8:05 am INTRODUCTION & ADMIN REMARKS

RIO VISTA GRAND BALLROOM, SALONS A - E

Roy Streetz
NDIA Fuze Committee Chair, Excelitas Technologies Corp.

8:05 - 8:15 am NDIA OPENING REMARKS

RIO VISTA GRAND BALLROOM, SALONS A - E

CAPT Frank Michael, USN (Ret)
Senior Vice President, Programs and Membership, NDIA

8:15 - 8:45 am KEYNOTE ADDRESS

RIO VISTA GRAND BALLROOM, SALONS A - E



SESSION 2 - U.S. GOVERNMENT SCIENCE, TECHNOLOGY &
ACQUISITION

RIO VISTA GRAND BALLROOM, SALONS A - E

Don Shutt
Orbital ATK, Session Chair

Roy Streetz
Excelitas Technologies Corp., Session Assistant

8:45-9:10 am ARMY S&T STRATEGY

RIO VISTA GRAND BALLROOM, SALONS A - E

Shannon Haataja
U.S. Army RDECOM AMRDEC

9:10 - 9:30 am ARMY S&T STRATEGY

RIO VISTA GRAND BALLROOM, SALONS A -E

Charles Robinson
Mechanical Engineer, U.S. Army RDECOM AMRDEC

9:30 - 10:00 am NAVY S&T STRATEGY

RIO VISTA GRAND BALLROOM, SALONS A -E

Brandon Stewart
Safe/Arm Development Branch Head, USN NAWCWD China Lake

10:00 - 10:30 am NETWORKING BREAK

RIO VISTA GRAND FOYER

Sponsored By Pacific Scientific Energetic Materials Company

10:30 - 11:00 am AIR FORCE S&T STRATEGY

RIO VISTA GRAND BALLROOM, SALONS A - E

George Jolly
Technical Advisor, Air Force Research Library/RWMF

11:00 - 11:20 am OSD PERSPECTIVE/FUZE IPT

RIO VISTA GRAND BALLROOM, SALONS A - E

Lawrence Fan
JFTP Manager, Naval Surface Warfare Center - Indian Head Division

11:20 - 11:50 am JOINT FUZE TECHNOLOGY PROGRAM (JFTP)

RIO VISTA GRAND BALLROOM, SALONS A - E

Lawrence Fan
JFTP Manager, Naval Surface Warfare Center - Indian Head Division



12:00 - 1:00 pm

LUNCH

WEST LAWN

Sponsored By Excelitas Technologies Corp.

NDIN

CONCURRENT BREAKOUT SESSIONS

1:00 - 1:20 pm

1:20 - 1:40 pm

1:40 - 2:00 pm

2:00 - 2:20 pm

SESSION 3A - OPEN SESSIONS
RIO VISTA GRAND BALLROOM, SALONS F - H

Homesh Lalbahadur
U.S. Army ARDEC
Session Chair

Bob Metz
PCB Piezotronics, Inc.
Session Assistant

Non-Contact Monitoring

of a Setback Zig-Zag Switch
20386

Mike Campbell
L3 Defense Electronic Systems

Design Guidelines for
Implementing a Low Voltage

Distributed Fuzing System
20411

Mark Etheridge
U.S. Army AMRDEC

New Generation Naval Fuze
FREMEN - Efficiency Against New

Threats
20355

Max Perrin
JUNGHANS Defence

Small Thermal Battery for High

Spin Environments
20464

Chase Whitman
EnerSys Advanced Systems

SESSION 3B - CLOSED SESSIONS
RIO VISTA GRAND BALLROOM, SALONS A - D

Robert Hertlein
L3 Defense Electronic Systems
Session Chair

James Sharp
Naval Surface Warfare Center - Dahlgren Division
Session Assistant

Overview of ARDEC Fuzing Efforts

to Meet DoD Cluster Munition Policy
20326

Sandy Risha
ARDEC Fuze Division

High Reliability DPICM Replacement

(HRDR)
20433

Kevin Cochran
Naval Surface Warfare Center - Indian Head Division

Proximity Sensor for High

Reliability DPICM Replacement
20428

Patrick DeLuca
U.S. Army ARDEC

Target Detection Data Collect

Results for the HRDR Program
20352

Hung-Sheng Chern
L3 Defense Electronic Systems




2:20 - 2:40 pm Flow Curve and Failure A Novel Approach to Defeat High

Conditions for a MEMS-Scale Speed Surface Targets Using the MK
Electrodeposited Nickel Alloy 419 Multi-Function Fuze
20296 20429
John Geaney Jason Koonts
ARDEC Fuze Division Naval Surface Warfare Center - Dahlgren Division
Jim Ring
Orbital ATK
2:40 - 3:00 pm Dynamic High g-Shock Fuze FMU-139 D/B Fuze Development

Testing with Support of a Reverse 20437

Ballistic Gun and Sled Track

Wayne Steege
20319 y 9

Orbital ATK

Christian Euba
TDW / MBDA

8:00 - 3:20 pm NETWORKING BREAK

RIO VISTA GRAND FOYER

Sponsored By Pacific Scientific Energetic Materials Company

CONCURRENT BREAKOUT SESSIONS

Continued SESSION 3A - OPEN SESSIONS SESSION 3B - CLOSED SESSIONS
RIO VISTA GRAND BALLROOM, SALONS F - H RIO VISTA GRAND BALLROOM, SALONS A-D
Homesh Lalbahadur Robert Hertlein
U.S. Army ARDEC L3 Defense Electronic Systems
Session Chair Session Chair
Bob Metz James Sharp
PCB Piezotronics, Inc. Naval Surface Warfare Center - Dahlgren Division
Session Assistant Session Assistant
3:20 - 3:40 pm PBXN-5 Mechanical Using Modeled Impact Response of
Characterization and Proposed 3-D Printed Materials for High-G
Constitutive Model Survivability
20383 20445
Dr. Dan Peairs Ezra Chen
L3 Defense Electronic Systems Naval Surface Warfare Center - Indian Head Division
3:40 - 4:00 pm Low G MEMS Inertia Switches for Smart Embedded Fuzing with Layer
Fuzing Applications Counting Ability
20430 20349
Todd Christenson Curtis McKinion
HT MicroAnalytical, Inc. Air Force Research Laboratory



4:00 - 4:20 pm

4:20 - 4:40 pm

4:40 - 5:00 pm

5:00 - 5:20 pm

5:30 - 7:00 pm

Mechanical Aspect of Fuze MEMS

G-Switch Encapsulation
20345

Jintae Kim
U.S. Army ARDEC

DoD MEMS Fuze Explosive Train

Evaluation and Enhancement
20440

Taylor Young

Naval Surface Warfare Center - Indian Head Division

Embedded High G Shock Sensor
Behavior Analysis for Severe

Perforation Tests
20370

Sérey Chhim
CEA

Advances in Neutron
Radiography using a High-
Flux, Compact, Thermal Neutron

Generator
20348

Katie Rittenhouse
Phoenix, LLC

GRAND RECEPTION

RIO VISTA PAVILION
Sponsored By Orbital ATK

THURSDAY, MAY 17

NDIN

Miniature Low-Cost Standoff Sensor
20379

William Elkins
Kaman Fuzing & Precision Products

Layer Detection for Embedded

G-Switch
20418

Joshua Dye
Sandia National Laboratories

Environmental Safety Pressure

Switch
20375

Jason Cahayla
U.S. Army ARDEC

Session 3B Complete

7:00 am - 12:00 pm

7:00 - 8:00 am

REGISTRATION

RIO VISTA GRAND FOYER

Sponsored By L3 Defense Electronic Systems

CONTINENTAL BREAKFAST

RIO VISTA GRAND FOYER




CONCURRENT BREAKOUT SESSIONS

8:00 - 8:20 am

8:20 - 8:40 am

8:40 - 9:00 am

9:00 - 9:20 am

SESSION 4A - OPEN SESSIONS
RIO VISTA GRAND BALLROOM, SALONS F - H

Nassir Alaboud
Lockheed Martin
Session Chair

Lawrence Fan
Naval Surface Warfare Center - Indian Head Division
Session Assistant

Unmanned Systems Safety

Precepts
20283

Jeffrey Fornoff
U.S. Army TACOM-ARDEC

Modular Smart Airburst Fuzing
Solution for Shoulder-Launched

Systems
20368

Wolfgang Karl-Heinz von Entress-
Fuersteneck
Junghans Microtec GmbH

Observations and Solutions of
High Voltage Issues for Electronic

Safe and Arm Devices
20366

Murat Yazici
Roketsan Missile Industries, Inc.

The Use of Software Quality
Assurance Towards the
Development of VHDL-Based

Safety Critical Hardware
20365

David Geremia
Orbital ATK

SESSION 4B - CLOSED SESSIONS
RIO VISTA GRAND BALLROOM, SALONS A - D

Bob Metz
PCB Piezotronics, Inc.
Session Chair

Mark Etheridge
U.S. Army AMRDEC
Session Assistant

Distributed Embedded Fuzing
System (DEFS) R&D for Next

Generation Weapons
20347

Daniel Kang
Air Force Research Laboratory

The Influence of Explosive Fill
Dynamics on Embedded Smart

Fuzing for Hard Target Munitions
20360

Philip Marquardt
Applied Research Associates, Inc.

Embedded Fuze Environment
Requirements for Large Penetrating

Weapons
20372

Ericka Amborn
Applied Research Associates, Inc.

Mechanical Testing of Powered and

Instrumented Embedded Fuzes
20341

Hayley Chow
University of Dayton Research Institute




9:20 - 9:40 am

9:40 - 10:00 am

10:00 - 10:20 am

Continued

10:20 - 10:40 am

10:40 - 11:00 am

State of the Art Fuze Batteries

and Their Performance
20455

Roland Hein
Diehl & Eagle Picher GmbH

Dynamic Characterization of
Shock Mitigating Materials for
Electronics Assemblies Subjected

to High Acceleration
20434

Dr. Vasant Joshi

Naval Surface Warfare Center - Indian Head Division

NETWORKING BREAK

RIO VISTA GRAND FOYER

NDIN

JFTP Project 14-G-005, Hardened

Selectable Multipoint Fuzing (HSMF)
20424

Michael Connolly
U.S. Army AMRDEC

Optimized Potting Solutions for
High G Electronics: Optimization

Methodology
20346

Dr. Aisha Haynes
U.S. Army ARDEC

Sponsored By Kaman Fuzing & Precision Products

CONCURRENT BREAKOUT SESSIONS

SESSION 4A - OPEN SESSIONS
RIO VISTA GRAND BALLROOM, SALONS F - H

Nassir Alaboud
Lockheed Martin
Session Chair

Lawrence Fan

Naval Surface Warfare Center - Indian Head Division

Session Assistant

From Vacuum Tubes to SoCs: 80
Years of Electronic Fuzing - a
Global Perspective Essential for

the Future?
20215

Harald Wich
NGF Next Generation Fuze

Applied Tests Simulating the
Impact Shock on an Operating
ESAD inside a Missile/Smart

Munition
20367

Cemil Gokge
Roketsan Missile Industries, Inc.

SESSION 4B - CLOSED SESSIONS
RIO VISTA GRAND BALLROOM, SALONS A - D

Bob Metz
PCB Piezotronics, Inc.
Session Chair

Mark Etheridge
U.S. Army AMRDEC
Session Assistant

Imaging Fuze Experimentation: 3D
Imaging Results Against Complex

Targets
20327

Dr. Matthew Burfeindt
Air Force Research Laboratory

Experimental Validation of Fast
Synthetic Scene Generation
Software for Fuze Sensor

Development
20329

Dr. Matthew Burfeindt
Air Force Research Laboratory



11:00 - 11:20 am

11:20 - 11:40 am

11:40 am - 12:00 pm

12:00 - 1:00 pm

CONCURRENT BREAKOUT SESSIONS

1:00 - 1:20 pm

Development of Low Energy

Electric Initiator
20303

Berkay Akyapi
ASELSAN Inc.

Laser Ignition
20446

Stephen Redington
U.S. Army ARDEC

Rosenthal Model and the Thermal

Time Constants of EEDs
20436

Benjamin Lang
Fraunhofer Ernst-Mach-Institut (EMI)

LUNCH

WEST LAWN

SESSION 5A - OPEN SESSIONS
RIO VISTA GRAND BALLROOM, SALONS F - H

Perry Salyers
L3 Defense Electronic Systems
Session Chair

David Lawson
L3 Defense Electronic Systems
Session Assistant

Green Stab Sensitive Energetic

Research
20351

Charles Romaniello Il
Picatinny Arsenal

Programmable Multi-Shot

Munition Fuze
20350

Lei Zheng
U.S. Army ARDEC

Adapting a Common Safety
Architecture and Modular

ESAD Design
20432

Sarah Steffen
Orbital ATK

40mm C-UAS Grenade Fuzing
Technology for Today and

Tomorrow’s Threats
20444

Tim Hoang
Naval Surface Warfare Center - Indian Head Division

SESSION 5B - CLOSED SESSIONS
RIO VISTA GRAND BALLROOM, SALONS A - D

Byron Lee
Orbital ATK
Session Chair

Frank Fairchild
Air Force Research Library
Session Assistant

Tailored EFls for Enhanced Safety &

Performance
20387

Dr. Nate Sanchez
Los Alamos National Laboratory




1:20 - 1:40 pm

1:40 - 2:00 pm

2:00 - 2:20 pm

2:20 - 2:40 pm

2:40 - 3:00 pm

3:00 - 3:20 pm

Test Method to Evaluate High-g

Component Susceptibility
20384

Nathan Millard
L3 Defense Electronic Systems

Reactive Materials for Electrical

Initiators
20313

Yao Wang
Institute of Chemical Materials

A New High-Overload Loading
Technology Based on Structural
Vibration under Periodic Impact

of Elastic
20302

Wanjun Wang
Institute of Chemical Materials

Statistics for One Shot Devices

Dr. Barry Neyer
Excelitas Technologies Corp.

Statistics for One Shot Devices

Dr. Barry Neyer
Excelitas Technologies Corp.

NETWORKING BREAK

RIO VISTA GRAND FOYER

NDIN

An Overview to Qualification of
a Direct Header Deposition (DHD)

Slapper Detonator
20380

Jerome Norris
Sandia National Laboratories

Muzzle Velocity Correction for

Medium Caliber Munitions
20356

Alexander Neeb
U.S. Army Fuze Division

Harvesting Energy from Angular

Acceleration
20358

Alexander Neeb
U.S. Army Fuze Division

Defining Structural Dynamic

Environments for Penetrator Fuzes
20361

Alma Oliphant
Applied Research Associates, Inc.

Development of Setback Locks for
High Reliability
20297

John Geaney
ARDEC Fuze Division

Sponsored By Kaman Fuzing & Precision Products




CONCURRENT BREAKOUT SESSIONS

Continued

3:20 - 3:40 pm

3:40 - 4:00 pm

4:00 - 4:20 pm

4:20 - 4:40 pm

4:40 - 5:00 pm

SESSION 5A - OPEN SESSIONS
RIO VISTA GRAND BALLROOM, SALONS F - H

Perry Salyers
L3 Defense Electronic Systems
Session Chair

David Lawson
L3 Defense Electronic Systems
Session Assistant

Statistics for One Shot Devices

Dr. Barry Neyer
Excelitas Technologies Corp.

Statistics for One Shot Devices

Dr. Barry Neyer
Excelitas Technologies Corp.

Statistics for One Shot Devices

Dr. Barry Neyer
Excelitas Technologies Corp.

Statistics for One Shot Devices

Dr. Barry Neyer
Excelitas Technologies Corp.

MEA Capabilities
Philip Comer

Defense Microelectronics Activity

David Flowers
Defense Microelectronics Activity

SESSION 5B - CLOSED SESSIONS
RIO VISTA GRAND BALLROOM, SALONS A - D

Byron Lee
Orbital ATK
Session Chair

Frank Fairchild
Air Force Research Library
Session Assistant

Development of a Fuze_Safety and
Arming Device for the ALaMO 57mm

Projectile
20381

Marc Worthington
L3 Defense Electronic Systems

Material Compatibility of Fuze

Components
20317

Jason Sweterlitsch
U.S. Army ARDEC

Using Finite Element Models to
Evaluate Component Functional

Risk in High-G Environments
20373

Frank Marso
Applied Research Associates, Inc.

Gun Hardened Command Armed

MEMS Fuze
20438

Dr. Daniel Jean
Naval Surface Warfare Center - Indian Head Division

JOTP-51 Complex Logic
Development in Fuzing Systems

Utilizing Flash
20385

Nicholas Adams
L3 Defense Electronic Systems



5:00 - 5:20 pm Take the Fuze Safety Design Quiz,
Part |
Homesh Lalbahadur
U.S. Army ARDEC

5:20 pm ADJOURN

NDIN

Session 5B Complete

The NDIA has a policy of strict compliance with federal and state antitrust laws. The antitrust laws prohibit competitors from engaging in actions that could

result in an unreasonable restraint of trade. Consequently, NDIA members must avoid discussing certain topics when they are together at formal association

membership, board, committee, and other meetings and in informal contacts with other industry members: prices, fees, rates, profit margins, or other terms

or conditions of sale (including allowances, credit terms, and warranties); allocation of markets or customers or division of territories; or refusals to deal with or

boycotts of suppliers, customers or other third parties, or topics that may lead participants not to deal with a particular supplier, customer or third party.

SPONSORS

‘ B Defense Electronic Systems

L3 DEFENSE ELECTRONIC SYSTEMS

OPENING RECEPTION & REGISTRATION SPONSOR

L3 Defense Electronic Systems (L3 DES), a division of L3
Technologies, Inc., provides precision electronic components,
subsystems, and systems for the Department of Defense

and international allies. L3 DES specializes in the design and
manufacture of build to print and modernized fuze solutions,
ignition safety devices, proximity sensors, inertial measurement
and GPS navigation systems, assured position, navigation, and
timing (A-PNT) capabilities, aerospace status indicators, and
intelligence management systems. As a trusted partner, you
can count on L3 DES to deliver quality products and develop
superior solutions that enhance capabilities and provide
overmatch superiority to the warfighter.

Headquartered near Cincinnati, Ohio, L3 DES’ primary
manufacturing facility was specifically designed and
constructed for the manufacture of fuzing and ordnance
systems and precision electronic components. With additional
locations in Anaheim, CA, Budd Lake, NJ, and San Diego,
CA, L3 DES has strategically located its resources, including
program management, engineering, and quality assurance, at

each site to ensure complete adherence to programmatic and
technical requirements, enabling process efficiencies.

Dedicated to continuous improvement, L3 DES operates a
quality management system certified to AS9100D and ISO
9001:2015 standards. With highly flexible manufacturing
operations, L3 DES can accommodate a variety of products,
with run rates that can exceed 40,000 units per month down
to individual production units for development efforts. L3 DES
also has on-site inspection and test capabilities to perform all
required environmental test procedures.

At L3 DES, customer focus is a key element of who we are

and how we operate. Our customers are the foundation of

our success and we are committed to establishing long-term
relationships and ensuring collaboration throughout the product
lifecycle.

L3 DES is committed to supporting the warfighter. We

will continue to innovate and develop unique solutions by
leveraging our valued workforce. To learn more, please visit
www.L.3T.com or call 513-943-2000.



Orbital ATK

ORBITAL ATK

GRAND RECEPTION SPONSOR

Orbital ATK is an industry-leading developer and manufacturer
of defense and aerospace components and armament
systems. Among our extensive portfolio of highly engineered
products are some of the most technologically advanced
intelligent fuzes available today, including the hard and deeply
buried target defeat FMU-167/B void sensing penetrating bomb
fuze, the FMU-139D/B all-electronic general purpose bomb
fuze, the Multi-Function Fuze (MFF) for the 5 Inch 54 naval

EXCELITAS

TECHNOLOGIES®

EXCELITAS TECHNOLOGIES CORP.

surface deck gun, and the Precision Guidance Kit (PGK) field
artillery fuze for the U.S. Department of Defense and allies. In
addition to munitions fuzing, Orbital ATK designs and produces
proximity height of burst sensors for direct attack munitions,

as well as rocket motor Ignition Safety Devices (ISD) and Flight
Termination Systems (FTS) for the missile community.

For more information about these and other fuzes offered by
Orbital ATK, visit us at www.Orbital ATK.com.

WEDNESDAY LUNCH SPONSOR

Excelitas Technologies Corp. is a global technology leader
focused on delivering innovative, high-performance, market-
driven photonic solutions to meet the lighting, detection, and
optical technology needs of global customers.

Excelitas Technologies is a supplier of energetic safety systems
for initiation, actuation, and detonation applications. Our
scientific and engineering personnel have spent many years
developing a fundamental understanding of all aspects of
energetic device performance and testing. Knowledge of the
basic properties of these devices allows the performance of

=) PRESIDIO

PRESIDIO COMPONENTS, INC.

Excelitas’ products to exceed typical aerospace and defense
requirements and makes them the energetic safety systems of
choice for many defense and aerospace systems.

Leader in providing innovative defense and aerospace
solutions, Excelitas Technologies is committed to enabling
our customers’ success in their end-markets. Excelitas
Technologies has approximately 6,000 employees in North
America, Europe, and Asia; serving customers across the
world. Connect with Excelitas on Facebook, LinkedIn, and
Twitter.

CONFERENCE PROGRAM SPONSOR

PRESIDIO COMPONENTS offers high-reliability pulse energy
capacitors for EFl detonators and ignition systems, single
or multi-pulse firing operations. Available in a wide variety of

dielectrics, voltages, and case size configurations, with bleed
resistors for added safety. Lead frame options for board flex
compliance also offered. Call (858) 578-9390 or visit www.
PRESIDIOCOMPONENTS.com.
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THANK YOU TO OUR SPONSORS

( B Defense Electronic Systems

Orbital ATK

EXXCELITAS KAMAN

TECHNOLOGIES® Fuzing & Precision Products

P Pacsciemc  CPCB FIEZ0TRONICS

MTS SYSTEMS CORPORATION




SAVE THE DATE

2018 INTERNATIONAL EXPLOSIVES
SAFETY SYMPOSIUM & EXPOSITION

August 6 -9, 2018

Sheraton San Diego Hotel & Marina
San Diego, CA

NDIA.org/Events




UNCLASSIFIED

Unmanned System Safety Precepts

NDIA 2018 Fuze Conference

Presenter:
Jeffrey Fornoff, US Army

UNCLASSIFIED
Distribution A. Approved for public release; distribution is Unlimited




UNCLASSIFIED

UxS Safety IPT Objectives

v Updated 2007 Guide and Developed New Precepts
v Filled critical gaps in Al, Autonomy, V&V
— Subsequent to the 2007 UMS Safety Guide, the DoD perspective on autonomy evolved
— 2016 study by the Defense Science Board titled, “The Role of Autonomy in DoD Systems,”
highlights need for a dynamic approach to evolving DoD policy regarding autonomous systems

v Interfacing with Services
— DOA - integrate Networked Munitions Requirements
— DON - interface with DASN UxS & RDT&E
— DAF — interface with USAF Safety Directorate

v Collaborating with stakeholders

— Collaborating with DOS [the UN CCW LAWS talks] and Defense Science Board
— Ensure unique interests, capabilities, and concerns are shared, leveraged, and addressed
— Integrate other Federal Agencies with similar interests

— Institutionalize UxS Safety Guidance

Guide sets threshold of rules of behavior that manage programmatic, design & operational characteristics aligning associated requirements.

Programmatic Safety Precept (PSP) = Program management principles that help insure safety is adequately addressed throughout the lifecycle process.

Operational Safety Precept (OSP) = A safety precept directed at system operation setting operational rules to be adhered to. These safety precepts may
generate the need for DSPs.

Design Safety Precept (DSP) = Design guidance that facilitates safety of the system and minimizes hazards. Safety design precepts are intended to
influence, but not dictate, solutions.
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UxS Safety Challenges

Critical Gaps
[no meaningful safety guidance or policy in place]:
1. Diverging & Missing Definitions 4. Fail Safe Autonomy
2. Authorized Entity Controls 5. Autonomous Function V&V
3. Flexible Autonomy 6. Artificial Intelligence (Al)

Highly Complex & Evolving Technologies
— Understanding technological complexities associated with Gap areas and their relationship to safety

Unmanned Systems (UxS’s) cross many boundaries
— Cross Service and Cross Agencies - all Department of Defense (DoD) services and operational domains

— Research & Development and S&T organizations
— Various Federal Agencies & Industry e.g., DOT, NGA, DOE, DHS, USCG, etc.

Al technology advancing faster than expected and with less safety assurance

UxS Lexicon
— Taxonomy gap bigger / more central than expected
— To ensure guidance is effective terminology, lexicon, and definitions must align
« New and unique terms evolve as a result of on-going scientific research and engineering

Al risk mitigation methodologies and techniques are at best immature
— E.g., V&V, Probabilistic software analytics; code level analysis techniques; etc.

— Difficulties exacerbated in a Rapid Acquisition environment
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Key Autonomy Safety Focus Points

Achieving Safety with Autonomy

— When tasks are assigned, the assigner bounds the assignment when issuing the task, and checks the bounds
when the plan is generated

— When autonomous functions are operating in a semi-autonomous mode, the human does the bounds checking

Bounding Autonomous Functionality

— Once the human is out of the loop (fully autonomous), deterministic bounded software becomes a real-time
validator of the autonomous function or a notification for a human that an autonomous activity is taking place

— Without separate deterministic bounding software, hazards may increase and trust may decrease when novel
solutions are offered by the autonomous functions
Managed Machine Learning & Learning Mode
— A side effect of machine learning is the potential to execute unsafe decisions
— The use of machine learning is expected to increase
— Managed machine learning, or the concept of “Learning mode”, provides a tool to enable or disable machine
learning and a mitigation to associated potential risk
Flexible Autonomy

— Flexible autonomy allows, without reprogramming, rapid safe reconfiguration of the system based on validation
results, field experience with the system, changing mission parameters or rules of engagement, DoD policy.

— It allows people to rapidly grant the system more autonomy as trust is developed. It also allows people to
rapidly revoke autonomy where trust has been compromised.
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Safety Issues with UxS

Autonomous UxSs inherently introduce potential mishap risk to humans for many
different reasons, ranging from unpredictable movements, to loss of absolute
control, to potential failures in both hardware and software.

Weaponized UxSs present even more significant and complex dangers to humans.

Typical safety concerns for military UxSs, that apply across semi-autonomous,
supervised, and fully autonomous UxSs include:

— Loss of control over the UxS

— Loss of communications with the UxS

— Loss of UxS ownership (lost out of range or to the enemy)

— Loss of control of UxS weapons

— Unsafe UxS returns to base

— UXS in indeterminate or erroneous state

— Knowing when an UxS potentially is in an unsafe state

— Unexpected human interaction with the UxS

— Inadvertent firing of UXS weapons

— Erroneous firing of UxS weapons

— Erroneous target discrimination

— Enemy jamming or taking control of UxS
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Unmanned System Safety Guide

The purpose of this guide is to aid the PM’s team, the operational
commander, and the systems engineer in recognizing and mitigating
system hazards unique to partially or fully autonomous design
capabilities.

It augments the tasks within MIL-STD-882 with additional details to
address UxSs and the incorporation of greater levels of autonomy and
machine learning.

Autonomous capabilities create unigue safety challenges beyond those
addressed in other safety guidance.

This guide lists safety precepts that must be followed in order to address
safety with respect to programmatic, operational, and design
considerations
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Safety Precepts

 Programmatic

— directed specifically at program management. These principles
and guidance are designed to ensure safety is adequately
addressed throughout the UxS lifecycle process.

e Operational

— directed specifically at system operation. These precepts
contribute to operational rules that must be adhered to during

system operation.

e Design
— provide detailed and specific guidance to address safety issues
associated with UxSs.
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Programmatic Safety Precepts

PSP-1

— Establish and maintain a Systems Safety Program (SSP) in accordance with MIL-STD-882
(current version) for all life cycle phases.

PSP-2

— Establish consistent and comprehensive safety precepts across all UxS programs under their

cognizance to ensure:
* Mishap risk is identified, assessed, mitigated, and accepted
» Each system can be safely used in a combined and joint environment
* That all safety regulations, laws, and requirements are assessed and addressed

PSP-3

— Ensure that off-the-shelf items (e.g., COTS, GOTS, NDI), re-use items, original use items,
design changes, technology refresh, and technology upgrades (hardware and software) are
assessed for safety, within the system.

PSP-4

— Ensure compliance to and deviation from the UxS safety precepts are addressed during
program reviews such as System Safety Working Groups (SSWG), System Readiness
Reviews (SRR), Preliminary Design Reviews (PDR), & Critical Design Reviews (CDR) and
Internal Program Office Reviews (IPR).
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Programmatic Safety Precepts

PSP-5

— Ensure the UxS complies with current safety policy, standards, and design requirements.

PSP-6

— Ensure that the UxS, by design, does not allow subversion of human command or control of
the UxS.

PSP-7

— Ensure that safety significant functions and components of an UxS are not compromised when
utilizing flexible autonomy where capabilities or functions can be added, removed, enabled or
disabled.

PSP-8

— Prioritize personnel safety in unmanned systems intended to team with or operate alongside
manned systems.

PSP-9

— Ensure authorized & secure control (integrity) between platform and controller to minimize
potential UxS mishaps and unauthorized Command and Control (C2).

PSP-10

— Ensure that software systems which exhibit non-deterministic behavior are analyzed to
determine safe employment and are in compliance with current policy.
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Operational Safety Precepts

OSP-1
— The control entity of the UxS should have adequate mission information to support safe
operations.

OSP-2

— The UxS shall be considered unsafe until a safe state can be verified.

OSP-3
— The control entity of the UxS shall verify the state of the UxS to ensure a known and intended
state prior to performing any operations or tasks.

OSP-4
— The UxS weapons should be loaded and/or energized as late as possible in the operational
sequence.

OSP-5
— Only authorized, qualified and trained personnel using approved procedures shall operate or
maintain the UxS.

OSP-6
— Ensure the system provides operator awareness when non-deterministic or autonomous
behaviors are utilized in the various phases of the mission.
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Operational Safety Precepts

OSP-7

— The operator should establish alternative recovery points prior to or during mission operations.

OSP-8

— Weapon should only be fired / released with human consent, or control entity consent in
conjunction with preconfigured criteria established by the operator.

OSP-9

— When the operator is aware the UxS is exhibiting undesired or unsafe behavior, the operator
shall take full control of the UxS. [manual override]

OSP-10

— The operator must have the ability to abort/terminate/kill the mission of the UxS.
[Terminate system]

OSP-11

— During mission operations the operator shall enable or disable learning mode to avoid
hazardous or unsafe conditions. [learning mode]

OSP-12

— The control entity must maintain positive and active control of the UxS when any transfer of
control has been initiated.
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Design Safety Precepts

DSP-1

— The UxS shall be designed to minimize the mishap risk during all life cycle phases.

DSP-2

— The UxS shall be designed to only fulfill valid commands from the control entity.

DSP-3

— The UxS shall be designed to provide means for C2 to support safe operations.

DSP-4

— The UxS shall be designed to prevent unintended fire and/or release of lethal and non-lethal
weapon systems, or any other form of hazardous energy.

DSP-5

— The UxS shall be designed to prevent release and/or firing of weapons into the UxS structure
itself or other friendly UxS/weapons.

DSP-6

— The UxS shall be designed to safely initialize in the intended state, safely and verifiably change
modes and states, and prevent hazardous system mode combinations or transitions.

DSP-7
— The UxS shall be designed to be able to abort operations and should return to a safe state.
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Design Safety Precepts

DSP-8

— Non-deterministic software, as well as safety critical software, shall be physically and
functionally partitioned.

DSP-9

— The UxS shall be designed to minimize single-point, common mode or common cause failures,
that result in high and/or serious risks.

DSP-10

— The UxS shall be designed to mitigate the releasing or firing on a friendly or wrong target group
selection.

DSP-11

— The UxS shall be designed to transition to a pre-configured safe state and mode in the event of
safety critical failure.

DSP-12

— The UxS shall be designed for safe recovery if recovery is intended.

DSP-13

— Use of the UxS newly learned behavior should not impact the UxS’ safety functionality until the
newly learned behavior has been validated.
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Design Safety Precepts

« DSP-14
— Autonomy shall only select and engage targets that have been pre-defined by the human.
« DSP-15

— Common user controls and display status should be utilized for functions such as: Manual
Override (OSP-9), Terminate Mission (OSP-10), and Learning Mode (OSP-11).
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TEV&V Challenges

« The relative magnitude of the challenge as a function the extent of
autonomy in the system has been estimated as being exponential due to
state-space explosion and increasing lines of software

Increasing TEV&YV Challenge

Semi-autonomous Supervised Fully autonomous

Increasing Machine Autonomy—
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TEV&V Challenges

« The challenge to make the system capable and safe while meeting policy
and passing the TEV&V portion of the acquisition process increases both
as the machines decision making capabilities increase and as the degree
of autonomy that it is prowded increase.

Fully Autonomous
(Human Outside the Loop) T

Supervised Autonomy . For defense &

Increased Machine Autonomy

(Human On the Loop) - HWS A non-human
/ targets
DoDD3000.09
Policy as of 6/17
for weapons
H \\
Semi-Autonomous \ )
"""""""""""""""""""""""""""""""" Otherwise
(Human In the Loop)
Machine Decision Making Capability —
Technicall
Verifiable echnically Non-Verifiable TBD
Verifiable
Data Expert Machine
S le Technol TBD
ample fechnology Processing System Learning
Complexity Simple Complex Highly Complex TBD
Outputs Deterministic Probabilistic TBD
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1, I'ntroduction

o High overload in penetrating will lead to failure of projectile-born devices,
such as fuze, detonator, and other electron device.

* In order to reinforce the projectile-born devices, it is necessary to study the
failure mechanism caused by high overload during penetrating.

« Numerical simulation is unusable in most cases because of the structural
complexity of the devices.

« Existing experiment method, such as Split Hopkinson Bar, Light-Gas Gun,
Machete Hammer, etc. is limited because the peak magnitude and duration
of the acceleration is insufficient compared with that in real penetrating.

« A new-type indoor method for high overload loading is proposed in this

presentation, which is characterized by high peak acceleration, long duration,

. high efficiency and low cost.






2. Qutdrne of; the net-hod

1+ The proposed method is based
' on a viewpoint that devices failure

» during penetrating is due to the

| stress wave propagation.

* In case of structure impact by

\ high pressure and high velocity

i explosion product, the propagation
i of stress wave in the structure is
similar to that in penetrating.

e Cylindrical LLM-105 explosive is
used. A specific structure
containing a sample is impact by
the explosion product in this

presentation- Fig.1 Schematic of the proposed method






3. Experinent: and Liscussion

i « The experiments were conducted indoor. A structure
i as shown in Fig.1 was impact by explosion product.

' P4A0mmx23mm LLM-105 explosive was used and

' initiated by a 8# detonator.

i » The explosive was 500m, 400mm and 300mm away i
| from the structure, respectively. An acceleration sensor i
i was fixed by two M2 bolts inside the structure, as i
' shown in Fig.3. |

. *No plastic deformation happens in the structure, so it

' can be reused for many times.

Fig.2 Experiments arrangement

v Bottom of the sensor was lef
t blanket, in order to protect th
e sensor from the impact of str

wave.
€SS wave Fig.3 Schematic of the installation of the sensor



3. Experinent: and Liscussion

i « Typical voltage signal from experiment is
i shown in Fig.4. The voltage signal can be

i translated into acceleration if the

E sensitivity of the sensor is given.

E e In the case of explosive 400mm away

i from the structure, the peak acceleration

' was 330009, while the duration is 1.5ms.

'« The peak acceleration could be even
higher if the distance between the
explosive and the structure was shorten.

e The overload level in real penetrating
could be achieved without difficulty by
changing the distance between the
explosive and the structure, or the size of

Fig.4 Typical Voltage Signal in Experiment

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

~

he explosive.






4. Ernite Eenent: Siimulation

| . . . o o . .
1  In order to reveal the mechanism of the acceleration history, a finite element simulation
|

'with LS-DYNA code was conducted.

« From the simulation, we can conclude that both the shock wave in air and the explosion
product contribute to the acceleration.

o It is clear that the stress wave reflection at the material interface will influence the
' acceleration history.

Fig.5 Simulation Model Fig.6 Stress wave propagation in the structure






5. Future Vork

The future work will be focused on the following 3 directions:

« More accurate simulation will be conducted, in order to give more insight
into the relation between the stress wave propagation and the acceleration;

« By designing the structure carefully, the acceleration history will be controlled.

« The application of the proposed method: such as evaluating the anti-
overload performance of electronic devices, studying the failure mode of the
rojectile-born devices during penetrating, reinforcing the projectile-born

P
devices.
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Electric Initiator aSEISan

* One of the most important requirements for an ammunition is its
explosion in the specified time and reliability. The unit that initiates the

reaction is called Electric Initiator.
 Initiation of energetic explosive mixture by use of electro thermal heat
obtained through thin film chip.

e Starting element of the explosive train.
e Accuracy, low energy, short function time

ASELSAN’s 35 mm Air Burst Ammunition’s explosive chain reaction



Electric Initiator Usage 353|san

MILITARY APPLICATIONS

Smart munitions,

Ejection systems,

Pyro components,

Missiles 1]

3] (2]

L 2 ASELSAN’s 35 mm Air Burst Ammunition
ASELSAN’s 40 mm High Velocity Smart Grenade
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(2]

Electric Initiator Usage

CIVIL APPLICATIONS

Automotive safety (airbags, seat belts)

Space applications (separators, explosive bolts)

Mining (rock extraction)

Industry (demolitions)

(4]

(5]

(2]



Comparison with Bridge Wire aSEISan

Classic technology uses bridge wire instead of thin film initiator chip.

This low cost initiators are produced since many years.

Bridge wire initiators have many types and different sizes.

But these products have disadvantages

- Limited all-fire values, to obtain low energy initiators it has to use ultra
fine(<10 micron) bridge wire

- Difficult welding process and controlling resistance value

- Not suitable for high shock, vibration and spin applications, e.g. smart
munitions

(6]
(2]



Comparicon aselsan

New technology uses thin film initiator chip to activate energetic materials.

Advantages Disadvantages
Low firing energy Cost
Low firing time Need ESD filters
High [no fire/all fire] ratio Need specific headers for soldering or bonding
Easy manufacturing, using automatic reflow- Standart surface month resistors can be difficult
machines for tiny initiators

Almost constant resistance value
Withstands difficult environmental conditions
Suitable for high accelarations and spin rates




Components aSEISan

Electric Initiators are mainly composed of
¢ Glass to Metal Seal Header

+** Thin Film Initiator Chip

s Explosive Mixture

s Casing

Explosive €— \ Casing

Chip

Header



Test-general aSEISan
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Test-general aSEISan

TABLE 1: ENGINEERING DESIGN TEST SCHEDULE

REF. NUMBER OF INITIATORS (GROUPS) TOTAL
TEST PARA [50] 6 ] 6 20 2020 20 20 20]20]20] 2 [ 2] 22222122176 418
Dielectric
Withstanding 44.1 X x| x| x{x|x|x|x|x|x|x|x|[x|x|x]|x[x]|x]x|x|x 416
Voltage
Radiographic a2z x| x| x]xIx)xxx]xPx] x| x[x]xx{x]x[x]x|x]|x 116
Inspection
Leakage 4.1.2.3 X XIXIXIX|IX]IX|IX|X|IX|X[|X]|X 416
Bridge Circuit 442 X x| x| x| x]x x| x]x{x]x|x[x]x|[x]x|x|[x]x|x]|x 416
. . . Resistance
Engineering Design Tests, were performed Sitc Dcharge 14,037 [ ¥ i
Tiage Lircu
: 442 X 5
by the reference of MIL-DTL-23659F. Resistance
Stray Voltage 4433 X St
. Bridge Circuit 442 X <
But we modified some of test routes. b
Stimulus 707 F 4.4.5.1 X 3
H H Resistance 4.4.2 X 500
Omit some of them and increase/decrease o1 <
M Six Foot Drop 4.6.2 X i
some test numbers according to our Shock T3 X T X XX XX x
. Vibration 1.6.4 X X X [ X [ X[ X | x| X|x]|x 3
req U I re m e ntS . Temperature-
Shock/Humidity!  [4.6.5 X i
Altitude
Cook-Off 4.6.6.1 X 2
I!lgh Temperature 4662 X 2
Exposure
Salt Fog Test 4.6.7 X 2
Radiographic 4122 x| x| x]x x x| xxx]x|x]x]|x 34
Inspection
Bridge Circuit 442 X x|x|x X | X x| x{x|x|x|x]|x]|x 124
Resistance
Leakage 1103 X x| x| x Xl x [ X [ X[ x| x| x| x[x =4
Static Discharge 4432 X[ X [ x| X X NI X [ X [ X[ X[ X[ X[ xX][x 124
Bridge Circuit 442 x| x| x]x > X x| x| x| x]x|[x]x]|x 124
Resistance
Power Current or  |[4.4.3.1 or . , ., , ., . .
Stimalus 70° F 415 x| x|{x]|x X X|x[x x| x| x|x]x|x 104
Power Current or - |[4.4.3.1 or .
Parmeters 225°F  |4.4.5.1 X X 40
Bridge Circuit . , .
5 442 X|x|{x]|x x| x| x N x| x| x| x| x|x]x|x 144
Resistance
Min, 50 Milli sec. ] ] }
AlLFire 707 F 444 X x| x| x X X X X X 298}
Min. 50 Milli sec. i )
AllFire -80°F | **6 X X X X X 46
Min, 50 Milli sec. . }
Al-Fire 225 F [+ X X X x X 9

(8]



Test-general 353|san

TABIE 1- ENGINEERING DESIGN TEST SCHEDIITE

TEST ROUTES S
23659F AIB|C|IDIE|{F|G|H|I|[J|K|L|M|N /| TOTAL (212121176 46

TESTS REFERANCE |50|10|10(20(20|20|20|20({20|20|10|10|10|176 Al6|| x| x| x| x 416

Radiografic Inspection 4.1.2.2 50(10(10(20({20({20(20|20|20|20|10|10|10|176 416 x| x| x 16

Bridge Circuit Resistance 4.4.2 50(10|10|20(20|20|20|20(20|20|10|10(10(176 416 | XXX 46

. . 4.4.3.1 XXX X 416
Engmeermg Power Current or Stimulus 70° F 4451 50 50 il
by the refer Bridge Circuit Resistance 4.4.2 50 50 ;
But we mod Forty Foot Drop (12 m) 4.6.1 10 10 5
Siz Foot Drop (1,5 m) 4.6.2 10 10 el

Omit some dShock 463 20 10|10|10 50 =
some test n\Vibration 4.6.4 20 10|10|10 50|t _,,;
requirement] Temperature/Shock/Humidity/Altitude |4.6.5 20 202 -
Cook-off 4.6.6.1 20 20 x

High Temperature Exposure 4.6.6.2 20 20 2

Radiografic Inspection 4.1.2.2 10|20|20|20 101010 100 ?

Bridge Circuit Resistance 4472 10|20|20|20 20 10| 10|10 120 x| x| x 84

4.4.3.1 XXX 124

Power Current or Stimulus 70° F 4.4.5.1 10|20|20|20 10|10 10 100X =1 x 34

4.43.1 X X[ X 124

Power Current or Stimulus 225° F 4451 20(20 40 X \ i -

Bridge Circuit Resistance 4.4.2 10|20|20|20 20|20 10| 10|10 140 i =

Min 50 ms all fire (70°F) 404 so| |10[20]20 10 176 286/ -

Min 50 ms all fire (-80°F) 4.4.6 20 20| |10 50[ -1~ -

Min 50 ms all fire (225°F) 4.7 20|20 10 50|l i

T ' T+ -

AI]—I.'-in: 225° T T X X X X X 46

(8]



Functional tests were done at factory level. During all-fire tests we double
checked the explosion time with oscilloscope and fast-cam.



Activation of explosive train tests: Initiation of Safe and Arm

Dent in block tests



Series of environmental tests were done according to MIL-DTL-23659, STANAG
4157 and AOP-20.

Temperature and humidity cabinets Vibration and Shock Tests

12m Drop Test Jolt Test Jumble Test



e Electrostatic Discharge(ESD) tests were done.
e >10kV tested.



Characteristics aSEISan

Initiator 1 Initiator 2

All-Fire: 700 mA 350 mA
No-Fire (5 minutes): 450 mA 150 mA
Ignition time (max): 150 microseconds 100 microseconds
Firing Energy: <1mJ] <1lm)
Resistance: 2.5-3.5 ohm 4-5 ohm

~7 mm diameter ~5 mm diameter

~10 mm length ~10 mm length
Dimensions: double pins single pin
Operation Temprature: -54 +71 °C -54 +71 °C
Service Life: > 15 years > 15 years

< 100 miligrams of primary < 100 mg of primary
Explosive Amount: explosive explosive
Qualification Standard: MIL-DTL-23659 MIL-DTL-23659



Characteristics aSEISan

Note: The dimensions provided can be customized.



Conclusion and Future Work aSEISan

* Low Energy Thin Film Electric Initiators are developed, qualified and field-proven

e Thin Film Electric Initiators have many advantages compared to bridge wire
initiators.

* The developed Electric Initiator, which is very fast and requires low energy,
meets the design and performance requirements to be used in various kind of

fuzes of smart munitions.



Development Partners aSEISan

Development studies and qualification tests were conducted together with MKEK.
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® ignition:

Resistance wire
Resistance bridge
SCB

Exploding wire

® Explosion:
Exploding foil

Electrical initiators




Reactive Materials

SANDO8-1176C reactants adiabatic reaction state of products gas production heat of reaction
To'be presented at the 24™ International Pyrotechnics Seminar, - temperarare (R)
- constituents | pryp, || W/o phase | w/phase | state of | stateof | moles gas | g of gas -Q, -Q,
Monterey, CA. July 1998 6 ﬁ ,\Lt g/cm® | changes | changes | oxide | metal [ per100g | perg calig | cal/em’
( R2Al+ 3Cu.0 5.280 4132 2843 liquid i-g 0.1221 0.0776 5755 | 3039
THEORETICAL ENERGY RELEASE OF THERMITES, 2Al +3N10 5.214 3968 3187 liquid I-g 0.0108 0.0063 8223 | 4288
INTERMETALLICS, AND COMBUSTIBLE METALS* Be + CuQ 5.119 3761 2820 s-1 liquid 0.0000 0.0000 1221 6249
[2Al + 3CuO 5.109 5718 2843 liquid I-g (.5400 0.3431 974.1 4976
. - 2Al + 3Co0O 5.077 3392 3201 liquid l-g 0.0430 | 0.0254 8247 4187
S.H. FI_SChﬁl' and M. C. GFUb,ElICh 3Ti + 2Fe,0: 5.010 3358 2614 Ii:uid [quid 0.0000 0.0000 612.0 | 3066
Sandia National Laboratories Ti + Fe:0, 1974 | 3113 | 2334 liquid | liqud | 0.0000 | 0.0000 | 5630 | 2800
Albuguerque. NM 87185-1453 3Ti<2Cr0; | 4959 | 1814 1814 | solid | solid | 00000 | 0.0000 | 2962 | 1469
reactants adiabatic reaction state of gas production heat of reaction
temperature (K) intermetallic
constituents ;’TMD; w/]r;) phase w;“ phase product molelsmg]as gofgas | -Q,calfg|-Q, callem®
'em’ || changes | changes per100g | perg . . .
Al + 2B =5.60']’ 2251 >1252 l-g 0-2.1 0-1 742 1940 ® AI + Cuo' AH - 974' 1 Cal/g)
Al + 3C 2.574 1673 1673 solid 0.0 0.0 371 965
RAl +Ca 2.051 2836 1738 liquid 0.0 0.0 558 1140
KAl + Ca 2.248 1880 >072 s-1 0.0 0.0 348 782
MAL+ Ce 4.095 1173 1173 solid 0.0 0.0 126 458 I _ .
Al + Co 5171 2195 >1912 s-1 0.0 0.0 307 1590 o AI + N I . AH o 330 Cal/g’
HAl+ Co 3.581 * * * * * 231 637
I5Al + 2Co 3.999 1755 >1452 s-1 0.0 -0.0 277 1110
3Al+Cr 3.568 793 793 solid 0.0 0.0 120 430
Al + Cu 5294 | - 935 935 solid 0.0 0.0 108 573 . —_ .
Al + Fe 4844 | 1423 1423 solid 0.0 0.0 211 1020 e B+Ti . AH = 1 3 20 Cal/ ga
3Al + Fe 3.688 1407 1407 solid 0.0 0.0 278 1020
YAl+La 3.946 1495 * s-1 0.0 0.0 166 780
Al+Li 1.476 1160 >972 s-1 0.0 0.0 345 509
Al + Mn 4.676 803 803 solid 0.0 0.0 124 - 586
Al + Ni 5.165 2362 >1910 s-1 - 00 0.0 330 1710




Reactive Materials for Ignition

o> ) Thickness:3-4um Bilayer:Ti(230nm) Bi(250nm)

Cu film by magnetron sputtering

Photoresist

Cu exploding foil
| I |

B/Ti by electrophoresis
m N =



Reactive Materials for Ignition

The exothermic reaction of B/Ti energetic materials :

v Single exothermic reaction;

v' Onset temperature is 976°C to 1023°C
(< B 2076 °Cand Ti 1678 °C);

v' Reaction heat was 1259J/g
(<5517J/g).

v' Output energy:1.43mJ;

v' Energy transformation
efficiency: 71.5%;

v' The height of flame can
be reach to several
millimeter.




Reactive Materials for Ignition

the igniter. The ignition delay time and total released energy
of the igniter discharged in 40 V are 0.7 ms and 482.34 mJ,
respectively. For one igniter, the energy released by chemi-
cal reactions is accounted for 21% of the total energy, which
can be improved by adjusting the deposition conditions of
Al/CuO RMFs and by tuning the Al deposition to reach a
stoichiometric reaction. Furthermore, the explosion tempera-
ture could keep an approximately constant value of 3500°C
for 1.4 ms.

Al/CuO multilayers
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Reactive Materials for Ignition
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1) Al/CuO nanowires

grown from Cu thin

film deposited onto

silicon substrate.

2) The copper film is
deposited byelectro beam
Evaporation.

3) The CuO nanowires is
synthesized by annealing
copper film.

4) The formation of Al,O;
would consume Al
nanoparticles which reduce
the heat reation.

5) The reaction between fuel
and oxidizer should destroy
Al,O5 which has high melting
temberatiire

Processing t,/°C Q/(J-g1) Al/CuOE/R H.
Ultrasonic wave 549. 5 473. 2 2: 3
Sol-gel approaches 561. 2 574.9 2: 3

Core-shell 500 1085 -




The core-shell structure

o W G b A el

1) The annealing temperature: 400°C
2) The film thickness: 1pum
3) The electron-beam evaporation: 0.15A

4) The annealing time: 4h



The growth mechanism

The CuO growth mechanism:

1) Accumulation stress;

2) The appearance of apophysis;
3) The nucleation with apophysis;

4) The growth of nanowires



Reactive Materials for Exploding
foil initiator (EFIs)-Al/CuO

Traditonal metallic materials : Copper
aluminum, gold and so on Al/CuO multilayer: did not improve
flyer velocity

Disadvantage: low power transduction efficiency



Reactive Materials for Exploding
foil initiator (EFIs)-Al/Ni



Reactive Materials for Exploding
foil initiator (EFIs)-Al/Ni

® Sample:

Al/Ni

Cu

® Measure method:
PDV

U/I



Reactive Materials for Exploding
foil initiator (EFIs)-Al/Ni
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Fig. 5 (a): Current histories for AI/Ni and Cu film, (b): Voltage histories for AUNi and Cu film
Table.1 Results of exploding foil

: Tim Tim p I
1pu ea npu
Resista © Peak cof peak eof \ Maxim T Energ
t c t
N Mate nceof volta peak curr peak um y At
, . volta ener ener .
0. nal foil ge volta ent curr energy efficie  ns
& ; gy gy
me2 . V ge A ent m/J ney
V ) mJ mJ
ns ns
. - 120 1 33
1 AUNt  110| 2350] 1456 | 204 . 201) 110 340 610 18%| _
139 34
2 AUN: 104 3000 1500 | 140, _ | 239, 66 300 990 6.7% 6
5
, A 149 ) 176 36
3 AUNt 105 4000 2416 | 120 " 261, 170 650 0 9.7% 6
, 176 275 7
4 AUNt 103 5000 2768 | 103 0 273] 240 780 0 8.7%
301 275 12
5 Cu 262 L3000 11717 | 260 240, 160 690 5.8%
4 0 45
| an | 248 i 176 11
6 Cu 265 4000 1157 | 275 235, 45 470 2.6%
9 0 80

/st The time of maximum energy minus tune of peak voltage




Reactive Materials for Exploding
foil initiator (EFIs)-Al/Ni

D. Photonic Doppler velocimetry (PDV)

In a separate set of tests with 1dentical samples, we used
PDV to measure the resulting velocities of the flyer material
when connected to the same high voltage firing circuit used
in the streak spectroscopy measurements. This technique
quantified the Doppler shift in frequency Af(z) of light
reflected off a moving target—in this case the flyer—relative
to the light emitted from the end of a fiber optic pmbe.38 The
measured difference in frequency Af(t) is related to the flyer
velocity ue(t) according to

(6)



Thank you for your attention
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OUTLINE @

« MEMS G-Switch Background

e Requirement Establishment

e Standards

e Design Concept

e Encapsulation Process & Highlights
« Technical Challenges and Solutions
e Qualification Tests

e Live Fire Test

e Summary
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BACKGROUND 7

« U.S. Army PM-MAS Planned Application

- M433 low velocity M550 fuze improvement program
Incorporates an electronic interface to the M550

mechanical fuze.

e Current MEMS G-Switch (HT Micro Inc. production) demonstrated
Improvements on 40mm low velocity grenade

- Soft target performance
- Graze angle impact performance

« Commercial Encapsulation Process (Promex Inc. provided) Needed to:
- Withstand environmental extremes
- Provide better resistance to shear force loads
- Provide a standard package amenable
‘pick and place’

Distribution Statement A: Approved for Public Release Distribution Unlimited

Unclassified



REQUIREMENT ESTABLISHING

1. Physical Requirements:

v Size: Maximum dimension (L x W x H): 4 x 4 x 1.75 in milimeter

v' Package frame type: Quad Flat No-lead (QFN) or
Dual Flat No-Lead (DFN) package with 4 to 12 leads

v’ Serial number and model name with laser mark

v’ Electronics protection: wire bonding, electronics contacts

v' Packaging color: Black with gold or white lead pads

v" Vendor’s process specification: encapsulant, wire bonding and die
attaching material and physical dimensions

2. Operation/ Transportation Environment Requirements
v" Mechanical shock, impact and vibration
v" Thermal shock, temperature cycling and humidity environment

3. High reliability required
v' Maintain MEMS device functionality and provide physical protection.
- No voids or warpage
- Resist corrosion and contact discontinuity
v" Meet storage temperature from -65°F to +165°F (-54°C to + 74°C) and
shelf life of 20 years.

Distribution Statement A: Approved for Public Release Distribution Unlimited

Unclassified
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STANDARDS @

e MIL-STD-883J, ‘Test Method Standard for Microcircuits’

« MIL-STD-331C, ‘Fuze and Fuze Components Environmental
and Performance Tests’

« MIL-STD-810G, ‘Test Method STD-Environmental
Engineering Considerations and Lab Tests’

« MIL-STD-1316E, ‘Fuze Design Safety Criteria’

« JEDEC No 22-A110B ‘Highly Accelerated Temperature and
Humidity Stress Test (HAST)

 MIL-HDBK-338, Electronic Reliability Design Handbook

Distribution Statement A: Approved for Public Release Distribution Unlimited

Unclassified



DESIGN CONCEPT

e Commercial standard
4 X 4 - 12 lead Dual Flat No-Lead (DFN) package

Bare MEMS e Encapsulated MEMS —_— Final Product

Standard Mold Compound
(Encapsulant)

Contact Pads
Wirebonding doubled on
each pad

Distribution Statement A: Approved for Public Release Distribution Unlimited

Unclassified



ENCAPSULATION HIGHLIGHT 1 @

1. Die attaching
v' MEMS G-switch placed and cemented
onto the lead frame
v' Electrically insulative epoxy adhesive used

2. Wire bonding

v Contact pads on G-switch have double gold wires
bonded onto each leaf frame pad for a secure connection.
v' Combination of ball bonding and wedge bonding

*

*

O\\

* Promex Inc. provided

Distribution Statement A: Approved for Public Release Distribution Unlimited

Unclassified



ENCAPSULATION HIGHLIGHT 2

3. Encapsulation
v" Mold Insert placed onto a lead frame for overmolding
v" Mold compound forms a strong overmold

Mold Insert

* Blank Lead
Frame

Encapsulated
Product and Original
G - Switch

* Qvermolded
Lead Frame

*Promex Inc. provided

Distribution Statement A: Approved for Public Release Distribution Unlimited

Unclassified



ENCAPSULATION PROCESS

Parts
from

HTM
Arrive at l
Promex

Engineering
Sample Process

Parts
Arrive at
HTM for

Testing

Distribution Statement A: Approved for Public Release Distribution Unlimited
Unclassified
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» Voids occurred on top of wire contact area during the molding
process in the initial 3 x 3 x 1.5 encapsulation design.
- Space between wire and top surface was too shallow.
- Wire bonding was too stiff in vertical angle.
e Problem So|ving * Top surface image