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ATK Aerospace Systems Group
Solutions for space, defense and commercial
aerospace

• Headquartered in Salt Lake City, UT
• NASA space exploration
• Commercial space
• Strategic and missile defense propulsion
• Composite aerostructures
• Spacecraft components and sub-systems
• Small satellites
• Flares and Decoys
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Introduction
“Scientists study the world as it is, engineers create the world that never has been."
--Theodore von Kármán

 Production of materials and goods has historically been a
cornerstone of global economic activity and its successful
and efficient functioning is recognized as a key factor in the
prosperity of any society.
 This remains true in modern economic systems and is
perhaps even more important than ever.
 Manufacturing is:

 Making something from raw materials by hand or by machinery;
 The process of making wares by hand or by machinery
especially when carried on systematically with division of labor;
 A productive industry using mechanical power and machinery.

©
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History Timeline of Modern
“Lean” Manufacturing1)

Ford T
&Toyota

©
1)
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Source: http://www.strategosinc.com/lean_manufacturing_history.htm
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Manufacturing in the U.S.
 Currently the U.S. manufacturing sector constitutes 86% of all U.S. exported goods
(2011 data) and every $1 spent in manufacturing generates $1.35 in additional
economic activity – the highest economic multiplier among all sectors of the U.S.
economy .

 Relatively small number of employed in the U.S. manufacturing
generates significant high value-added exportable products attracting
lion share of R&D investments.

©
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Source: Advanced Manufacturing Portal http://manufacturing.gov/nnmi.html
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The U.S. Knowledge, Technology-Intensive
(KTI) and Manufacturing Sectors Status

 The U.S. sustains and increases
the highest share of KTI in GDP
among developed countries
 The U.S. is leading the
developed world in knowledgebased, technology intensive
products and services
 Manufacturing growth led the
U.S. economy recovery
11/25/2014

Source: http://www.nsf.gov/statistics/seind14/index.cfm/chapter-6/c6h.htm
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U.S. Manufacturing Sector
Challenges
 In the year of 2000 the United States posted a $5 billion trade surplus in advanced
technology products
 Starting from 2001 the U.S. runs deficit in trade of advanced technology products
 In 2012 this deficit was $99B - an increase of almost 25 percent over the 2011
 Imports of advanced technology products in 2011 accounted for 17 percent of the
total U.S. trade deficit.

U.S. Trade Balance for Advanced Technology Products
11/25/2014
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Share of Manufacturing Value-Added by ResearchIntensive Manufacturing Sectors (R&D > 3% of Sales)

Source: http://www.whitehouse.gov/sites/default/files/microsites/ostp/iam_advancedmanufacturing_strategicplan_2012.pdf
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The U.S. National Strategic Plan
for Advanced Manufacturing



On February 15, 2012 EXECUTIVE OFFICE OF THE PRESIDENT presented to Members of Congress
the report of the National Science and Technology Council’s Interagency working group on Advanced
Manufacturing (IAM). This report responded to Section 102 of the America COMPETES
Reauthorization Act of 2010, which directed the NSTC to develop a strategic plan to guide Federal
programs and activities in support of advanced-manufacturing research and development .



This strategic plan lays out a robust innovation policy that would help to close these gaps and
address the full lifecycle of technology. It also incorporates intensive engagement among industry,
labor, academia, and government at the national, state, and regional levels.





Objective 1: Accelerate investment in advanced manufacturing technology, especially by small and medium-sized
manufacturing enterprises, by fostering more effective use of Federal capabilities and facilities, including early
procurement by Federal agencies of cutting-edge products.



Objective 2: Expand the number of workers who have the skills needed by a growing advanced manufacturing
sector and make the education and training system more responsive to the demand for skills.



Objective 3: Create and support national and regional public-private, government-industry-academic partnerships
to accelerate investment in and deployment of advanced manufacturing technologies.



Objective 4: Optimize the Federal government’s advanced manufacturing investment by taking a portfolio
perspective across agencies and adjusting accordingly.



Objective 5: Increase total U.S. public and private investments in advanced manufacturing research and
development (R&D).

Neil Gershenfeld-Fareed Zacharia

Source: http://www.whitehouse.gov/sites/default/files/microsites/ostp/iam_advancedmanufacturing_strategicplan_2012.pdf

11/25/2014
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Digital Manufacturing and Design
Innovation Institute (DMDII)


The DMDII is the nation’s flagship research institute for applying cutting-edge digital technologies to reduce the time and
cost of manufacturing, strengthen the capabilities of the U.S. supply chain, and reduce USG acquisition costs. The DMDII
will both develop and demonstrate digital manufacturing technologies and deploy and commercialize these technologies
across key manufacturing industries.



Digital manufacturing is the use of an integrated, computer-based system comprised of simulation, threedimensional (3D) visualization, analytics and various collaboration tools to create product and
manufacturing process definitions simultaneously.



Design innovation is the ability to apply these technologies, tools and products to re-imagine the entire
manufacturing process from end to end.



Chicago-based UI LABS was awarded $70 million from the U.S. Department of Defense (DoD) to fund the Digital
Manufacturing Design Innovation Institute (DMDII). This award is leveraged by commitments of approximately $250
million from industry, academic, government and community partners.

DMDII PARTNERS


UI LABS brought together more than 40 industry partners,
and 30+ academic, government and community partners,
and an additional 500+ supporting companies and
organizations to launch the DMDII.



Founding industry partners include General Electric, RollsRoyce, Procter & Gamble, Dow, Lockheed Martin,
Siemens, Boeing, Deere, Caterpillar, Microsoft, Illinois Tool
Works, and PARC, among many others.

11/25/2014
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Source: http://www.dmdii.uilabs.org/
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The Digital Manufacturing Commons
 The Digital Lab for Manufacturing is established on that basis of UI LABS, a Chicago-based
research and commercialization collaborative, is a world-class, first-of-its-kind
manufacturing hub with the capabilities, innovation, and collaboration necessary to
transform American manufacturing.
 The Digital Lab will apply cutting edge mobile, cloud, and high-performance computing
technologies to the manufacturing challenges of the DoD and industry. By utilizing
contributed to the project by GE the Digital Manufacturing Commons (DMC), an opensource online software platform, the Digital Lab will create online networks of people,
manufacturing machines, and factories. In turn, this will enable real-time collaboration and
analysis of big data during the design and manufacturing processes - reducing the time and
cost of manufacturing, strengthening the capabilities of the U.S. supply chain.
 In 2011 GE launched a multibillion-dollar initiative focused on what it calls the industrial
internet: adding digital sensors to its machines; connecting them to a common, cloudbased software platform; investing in software development capabilities; building advanced
analytics capabilities; and embracing crowd-based product development.
 With all this, GE is evolving its business model.



11/25/2014

Now, for example, revenue from its jet engines is tied to reduced downtime and miles flown over the
course of a year.
After just three years, GE is generating more than $1.5 billion in incremental income with digitally
enabled, outcomes-based business models and that number is to double in 2014 and again in 2015.
Sources: Marco Iansiti; Karim R. Lakhani. Digital Ubiquity: How Connections, Sensors, and Data Are
Revolutionizing Business Harvard Business Review. November 2014
Quality Magazine. Industry Headlines. March 4, 2014. U.S. Department of Defense Awards $70 Million Grant to
UI LABS-Led Team. http://www.qualitymag.com/articles/91712

©
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The U.S. Manufacturing Capacity
Utilization1)
 Capacity utilization in KTI sectors
is even lower than average.

 The U.S. Industrial capacity
utilization is below 80%.
 Other OECD countries are in
similar situation.
11/25/2014

Source: http://www.federalreserve.gov/econresdata/default.htm
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The Digital Network Manufacturing (DNM) System –
The Product Lifecycle Management (PLM) Extension

©
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The DNM System Approach


The DNM System:


Is a high-performance computer-telecommunication-technological network creating a resource
for product design and optimization of product lifecycle;



Facilitates formation of flexible and efficient technologies for the production and effective use of
products and services;



Creates an opportunity for the rapid evaluation of ideas on new and improved products and
technologies in material production;



Provides tools and methodologies for comprehensive testing in a given environment,
expeditious prototyping using available and to be developed technologies, for evaluation of
potential markets and distribution channels;



Assists in establishing of manufacturing and organizational systems for optimal cooperation
between the program participants.



Within DNM System technological and technical gaps are to be revealed at early design stages and
all the way along creation and implementation of the products/services resulting in targeted R&D
efforts for resolution and further advance in the manufacturing technology and products/services
enhancements.



Digital Network Manufacturing Core Concept assumes establishment of a Network of
expertise, skills, resources, design-production-marketing-service capabilities across multiple project
©
participants and establishing of the project environment supporting synergetic cooperation between
and long-term commitment of the project participants in creation of the intended product, its
continuous improvement and development.

11/25/2014
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The DNM System Features
 Established for a particular project DNM System is intended to assure integration
within predefined conditions and constraints such as:
 Resources and opportunities of investors and stakeholders
 Scientific, technological, technical, and research capabilities of participants
 Systems for selection and training of highly qualified specialists for realization of all
stages of particular products/services lifecycle on the basis of advanced scientific and
technological achievements

 Participants of the DNM System:
 Are to be highly motivated in maximizing of their contribution in a cooperative
development environment and in leveraging the lifecycle value of products and services
 In continuous improvement of product performance, quality, and efficiency
 In the development and enhancement of cooperation between the DNM participants in
technological, organizational, and financial activities in the given manufacturing sector.

 Already developed and in-the-development tools, resources, and capabilities
ensure viability and applicability of the DNM concept
 Product Lifecycle Management (PLM) systems and tools are in the core of the ©
DNM concept.
11/25/2014
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1. Quantification, Digitalization, and Measuring



Model-based engineering (MBE) is about elevating models in the engineering process to a central and governing role in the specification,
design, integration, validation, and operation of a system



The Defense Advanced Research Projects Agency (DARPA) is investing in novel methods for design and verification of complex systems.
The META program is specifically aimed at compressing the product development and deployment timeline of complex defense systems
through model-based design and manufacturing. Using the META design paradigm, different component model libraries can be used to
instantiate, analyze, and verify a system design independent of its physical manifestation.



Under the META program, a team led by the PARC (Palo Alto Research Center) has developed a model-based system-engineering
framework that enables architectural analysis of complex systems during the conceptual design phase. Using this framework, design teams
can systematically explore architectural design decisions during the early stage of system development prior to the selection of specific
components. The analysis performed at this earliest stage of design facilitates the development of more robust and reliable system
architectures.

11/25/2014

Sources: INCOSE Survey of MBSE Methodologies. INCOSE-TD-2007-003-02. 5/23/2008
INCOSE. Phil Simpkins. Model Based Systems Engineering Tool Review – Comparison of Tools.
META II: FORMAL CO-VERIFICATION OF CORRECTNESS OF LARGE-SCALE CYBER-PHYSICAL SYSTEMS
DURING DESIGN. Palo Alto Research Center. September 2011. Final Report

©
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2. Internet-Based Network
Communications
A disruptive technology is defined1) "as a technology with the potential to causes a noticeable -- even if temporary
-- degradation or enhancement in one of the elements of U.S. national power,"
“Potential Impacts of the Internet of Things on US National Power
 If the United States executes wisely, the IoT could work to the long-term advantage of the domestic economy…
 Streamlining—or revolutionizing—supply chains and logistics could slash costs, increase efficiencies, and reduce
dependence on human labor…”
 “Smart, connected products offer exponentially expanding opportunities for new functionality, far greater
reliability, much higher product utilization, and capabilities that cut across and transcend traditional product
boundaries.
 Smart, connected products raise a new set of strategic choices related to how value is created and captured,
how the prodigious amount of new (and sensitive) data they generate is utilized and managed, how
relationships with traditional business partners such as channels are redefined, and what role companies should
play as industry boundaries are expanded.
 The internet, whether involving people or things, is simply a mechanism for transmitting information.
 What makes smart, connected products fundamentally different is not the internet, but the changing nature of
the “things.”
 It is the expanded capabilities of smart, connected products and the data they generate that are ushering in a
new era of competition.”2)
Sources:
1)The National Intelligence Council. Disruptive Civil Technologies. Six Technologies with Potential Impacts on US
Interests out to 2025. Prepared by SRI Consulting Business Intelligence. 2008
2) How Smart, Connected Products Are Transforming Competition. Michael E. Porter and James E. Heppelmann.
Harvard Business Review. November 2014.
11/25/2014
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3. Disruptive Technologies: Advances that Will
Transform Life, Business and the Global Economy
Additive Manufacturing (3D printing)

“… the performance of additive manufacturing machinery is improving, the range of materials is expanding, and prices (for both printers and
materials) are declining rapidly—bringing 3D printing to a point where it could see rapid adoption by consumers and even for more
manufacturing uses. With 3D printing, an idea can go directly from a 3D design file to a finished part or product, potentially skipping many
traditional manufacturing steps. Importantly, 3D printing enables on-demand production, which has interesting implications for supply chains
and for stocking spare parts—a major cost for manufacturers."

Advanced Materials (Nanomaterials)

"Nanomaterials in particular stand out in terms of their high rate of improvement, broad potential applicability, and long-term potential to
drive massive economic impact. At nanoscale (less than 100 nanometers), ordinary substances take on new properties—greater reactivity,
unusual electrical properties, enormous strength per unit of weight—that can enable new types of medicine, super-slick coatings, stronger
composites, and other improvements. Advanced nanomaterials such as graphene and carbon nanotubes could drive particularly significant
impact"

Next Generation Robotics

"For the past several decades, industrial robots have taken on physically difficult, dangerous, or dirty jobs, such as welding and spray
painting… Now, more advanced robots are gaining enhanced senses, dexterity, and intelligence, thanks to accelerating advancements in
machine vision, artificial intelligence, machine-to-machine communication, sensors, and actuators. These robots can be easier for workers to
program and interact with. They can be more compact and adaptable, making it possible to deploy them safely alongside workers."

The Internet of Things (Advanced Sensors)

"The Internet of Things—embedding sensors and actuators in machines and other physical objects to bring them into the connected world—
is spreading rapidly. From monitoring the flow of products through a factory to measuring the moisture in a field of crops to tracking the flow
of water through utility pipes, the Internet of Things allows businesses and public-sector organizations to manage assets, optimize
performance, and create new business models."

Automation of Knowledge Work (Pervasive Automation)

"Advances in artificial intelligence, machine learning, and natural user interfaces (e.g., voice recognition) are making it possible to automate
many knowledge worker tasks that have long been regarded as impossible or impractical for machines to perform. For instance, some
computers can answer "unstructured" questions (i.e., those posed in ordinary language, rather than precisely written as software queries),
so employees or customers without specialized training can get information on their own. This opens up possibilities for sweeping change in
how knowledge work is organized and performed. Sophisticated analytics tools can be used to augment the talents of highly skilled
employees, and as more knowledge worker tasks can be done by machine, it is also possible that some types of jobs could become fully
automated.

©
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Source: Disruptive Technologies. Advances that will transform life, business and the global economy. May 2013. The
McKinsey Global Institute. http://www.mckinsey.com/insights/business_technology/disruptive_technologies
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3A. Additive Manufacturing
 French industrial giant, Safran, is one
of leaders in Additive Manufacturing
Technologies (AMT). They already
produce more than 500 experimental
components, including “hot parts”, for
aircraft and rocket engines using AMT
processes.
 The whole process of manufacturing
of a component from its drawing to a
ready for functioning part takes only
a few hours dramatically expediting
processes of design, development,
and testing of multiple versions of
new products and processes.

©
11/25/2014

Source: Safran, "Safran at the cutting edge of additive manufacturing," Safran Magazine, pp.
12-13, 2014
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3B. Additive Manufacturing
Technology Status1)


Currently, more than thirty 3-D printing companies around the globe offer a range of industrial
3-D printing systems drawing on various technologies.



Expensive systems produce fine-grained metal and polymer parts. Simple systems use plastics
to create 3-D objects.



In 2011, total industry revenues for industrial and professional purposes had grown to more
than $1.7 billion, including both products and services. The industry’s compound annual
growth rate has been 26.4% over its 24-year history, and double-digit growth rates are
expected to continue until at least 2019.



In terms of unit sales, Stratasys Ltd., which now has headquarters in both Eden Prairie,
Minnesota and Rehovat, Israel, is the world market leader in 3-D printing; Stratasys recently
finalized a merger with Objet Ltd., an important producer at the higher end of the 3-D printing
market.



Another significant 3-D printing supplier is 3D Systems Corp., based in Rock Hill, South
Carolina, which recently acquired a company known as Z Corp.



Another major supplier is also EOS, based in Munich, Germany, a producer of higher-end 3-D
printing systems.
1)Source:

11/25/2014

Jeroen P.J. de Jong and Erik de Bruijn. Innovation Lessons from 3-D Printing. MIT
Sloan Management Review. WINTER 2013. VOL.54 NO.2
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3C. How to Make Almost Anything
The Digital Fabrication Revolution1)
 Additive manufacturing has been widely hailed as a revolution. This is, however, a curious
sort of revolution, proclaimed more by its observers than its practitioners. In a wellequipped workshop, a 3-d printer might be used for about a quarter of the jobs, with other
machines doing the rest. One reason is that the printers are slow, taking hours or even days
to make things.
 Other computer-controlled tools can produce parts faster, or with finer features, or that are
larger, lighter, or stronger. The revolution is not additive versus subtractive manufacturing;
it is the ability to turn data into things and things into data.
 Scientists at a number of labs are now working on the real thing, developing processes that
can place individual atoms and molecules into whatever structure they want. Unlike 3-d
printers today, these will be able to build complete functional systems at once, with no need
for parts to be assembled. The aim is to not only produce the parts for a drone, for
example, but build a complete vehicle that can fly right out of the printer.
 Digital fabrication consists of much more than 3-d printing. It is an evolving suite of
capabilities to turn data into things and things into data. Many years of research remain to
complete this vision, but the revolution is already well under way.

 Neil Gershenfeld - Fareed Zacharia (CNN GPS)

11/25/2014

1)Source:

Neil Gershenfeld. Foreign Affairs, December 2012 . Volume 91 No. 6, pp 43-57
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4. System Engineering, Collaboration,
Visualization, Integration
Definition of a System1)
 A system is a construct or collection of different elements that together produce results not
obtainable by the elements alone. The elements, or parts, can include people, hardware, software,
facilities, policies, and documents; that is, all things required to produce systems-level results. The
results include system level qualities, properties, characteristics, functions, behavior and
performance. The value added by the system as a whole, beyond that contributed independently by
the parts, is primarily created by the relationship among the parts; that is, how they are
interconnected. (Rechtin, 2000).
Systems Engineering1)
 Systems Engineering is an engineering discipline whose responsibility is creating and executing an
interdisciplinary process to ensure that the customer and stakeholder's needs are satisfied in a high
quality, trustworthy, cost efficient and schedule compliant manner throughout a system's entire life
cycle. This process is usually comprised of the following seven tasks. It is important to note that the
Systems Engineering Process is not sequential. The functions are performed in a parallel and iterative
manner.

SIMILAR Process2)

3-D Visualization, Collaboration, Integration:
11/25/2014

Sources: 1)http://www.incose.org/
2) A. Terry Bahill. IEEE TRANSACTIONS ON SYSTEMS, MAN, AND CYBERNETICS—PART C: APPLICATIONS AND REVIEWS, VOL. 28, NO. 4,
NOVEMBER 1998. Re-evaluating Systems Engineering Concepts Using Systems Thinking
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5. Product Lifecycle Management (PLM): Modeling and
Simulation, Analysis, Integration of Knowledge Base


Siemens PLM Software defines PLM as a comprehensive approach to innovation built on enterprise-wide access to a
common repository of product information and processes. PLM lets global organizations work as a single team to design,
produce, support and retire products, while capturing best practices and lessons learned



Siemens HD-PLM System is to give everyone involved in making a product the information they need, when they need
it, to make the smartest decision.



HD-PLM is based on three core principles:



Intelligently integrating information - to extract value from large volumes of a wide variety of data, providing users
meaningful assistance in decision-making



Future-proofing PLM architecture - to preserve investment, minimize total cost of ownership and to help taking
advantage of the change



Providing a “high-definition” user experience - so that everyone involved in making the products gets the
information they need in a form that’s best suited to their job, in the simplest and fastest way possible



PLM software allows companies to manage the entire lifecycle of a product efficiently and cost-effectively, from ideation,
design and manufacture, through service and disposal. Computer-Aided Design (CAD), Computer-Aided Manufacturing
(CAM), Computer-Aided Engineering (CAE), Product Data Management (PDM) and Digital Manufacturing converge
through PLM.



PLM drives top-line revenue from repeatable processes. By providing the application depth and breadth needed to
digitally author, validate and manage the detailed product and process data, PLM supports continuous innovation.



Teamcenter is the world’s most widely used PLM software. Teamcenter powers innovation and improves productivity by
connecting people across global product development and manufacturing organizations with the product and process
knowledge they need to succeed.

 ATK-Siemens

11/25/2014

Source: http://www.plm.automation.siemens.com/en_us/plm/index.shtml
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ATK Long-Term Energy Storage System
NASA Constellation Program

Program Manager – Dr. Ighor Uzhinsky (ATK)
Principal Engineer and Scientist – Dr. Tony Castrogiovanni (ACEnT Labs)
11/25/2014
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A Thermochemical Regenerative
Energy Storage System (TRESS)
Objective
“The primary objective of this study is to identify novel energy storage concepts that
enable longer crewed missions on the lunar surface. The ideal energy storage system
would be robust to the lunar environment and the system requirements, have low mass
and volume, and require little or no maintenance or support. The ideal system would also
be efficient in discharge and recharge and be integrated with the outpost simply and with
little impact.”
System Requirements:
 2 - 5 kW net discharge electric power
 100 - 2000 kWhr net energy storage per module
 TRL 6 by 2015 - 2018 timeframe
 5 - 10 year calendar life
 10,000 - 15,000 hour operational life
 100 - 2000 charge/discharge cycles
 able to withstand high dust, radiation, and widely varying thermal environment.
11/25/2014
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ATK TRESS Solution

11/25/2014



Sealed from lunar environment in dome (radiation shield)



Readily deployable from lander



Electrical interfaces:


Power in from PV array



Power out



Total system mass ≈ 2,000 kg



Materials consumption:





MgH2 powder: ~500 gram/hour



H2O2 (75% in water): ~1,800 gram/hour

Fully regenerative closed system

©
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TRESS System Conceptual
Design
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TRESS Major Components
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Voice of Our Customer - NASA
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The U.S. Patents on the
Developed Technologies
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ATK ON BOARD HYDROGEN STORAGE
& POWER SYSTEMS FOR ELECTRIC
UTILITY VEHICLES
ExRange IPT
PM – Dr. Ighor Uzhinsky - ATK
Process Modeling

Vehicle

Hydrogen Storage

System Integration

Fuel Cell System

ACENT Labs

The Toro Company

ECD Ovonics

ATK

H2 Dispensing

Hydrogenics

Air Products

ATK (UT, VA, NY): System design, integration, and test
ACENT Laboratories (NY): Technical oversight and process modeling
The Toro Company (MN): Vehicle design and fabrication
ECD Ovonics (MI): Solid hydrogen storage design and fabrication
Hydrogenics (ON, Canada): Fuel cell system supplier and technical oversight

©

Air Products (PA): H2 Dispensing system interface
11/25/2014
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Baseline ExRange Concept
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ExRange Energy Storage
Components

©
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ExRange Energy Storage
Module

©
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Delivered Vehicles

ExRange Testing

©
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Voice of Our Customer - DLA
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One of Potential Pilot Projects
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Source: MODIFICATION AND VERIFICATION TESTING OF A RUSSIAN NK-33 ROCKET ENGINE FOR REUSABLE AND RESTARTABLE
APPLICATIONS. AIAA 98-3361. J. Hulka et al, (Aerojet, USA); V.S. Anisimov et al (N.D. Kuznetsov SSTC, Russia)
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Conclusion
 Advanced manufacturing is one of the highest science and technical policy strategic
priorities in developed economies of the world directed to preservation and
development of their competitive advantage.
 The USA make use of experience of Germany (having the highest indicators among
innovative economy of the world) both in implemented tools, and in organizational
approaches.
 One of the most developed, available and used worldwide system that can be applied
as an essential component of the advanced manufacturing system, is Siemens
Teamcenter complex.
 Access to resources and to opportunities of to be developed DNM System, even at the
initial stages of its realization, and participation in the process of its development with
certain rights for participants, are to be beneficial for leading international companies
and organizations of Europe and Asia.
 Development and introduction of the DNM System can become one of essential factors
in transformation of the Russian economy from an economy with mainly raw-materials
production orientation into a high-tech, integrated into world economic system
economy, which is based upon effective use of abundant Russian natural resources,
maximizing value added of Russian participants in production and distribution of
products and services for the world market.
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