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[bookmark: _Toc120609755]Vision and Mission
The vision of the of the NTU Center for Advanced Manufacturing is to develop a Center of Excellence in advanced manufacturing technology and to provide the Navajo Nation, as well as New Mexico, the tools to be a leader in Advanced Manufacturing for education, research, industry partners and economic sustainability. 
The mission of the NTU Center for Advanced Manufacturing is to develop a Navajo workforce which serves the needs of advanced manufacturing on the Navajo Nation and at NTU. The Center will provide sustainable educational programs, research and technology transfer opportunities. Navajo students, both K-12 and higher education, can benefit from hands-on, experiential learning in order to begin their own work experiences both at NTU and with industry partners.	Comment by Harold Halliday: This has to stay experiential


[bookmark: _Toc120609756]Summary
Over the next five years it is the goal of the NTU Center of Advanced Manufacturing (NTUCAM) to increase the capabilities of advanced manufacturing as a whole but with a focus on the expansion areas below:
· Increasing sustainable staffing and increasing internal usage of the Center; 	Comment by Montano: I would recommend Scott review these bullets and ensure they are in order of priority.
· Improving external partnerships and services; and
· Expanding technologies to include
· Laser Powder Bed Fusion	Comment by Montano: Same here.  Review to ensure these are in prioritized order.
· Composite Manufacturing
· Ceramic Additive Manufacturing
· Non-Destructive Evaluation/Testing 
· Improving operation standards and procedures;
[bookmark: _Toc120609757]History
Navajo Technical University (NTU), the only ABET accredited Tribal College and University (TCU), has been steadily increasing its capacity to provide quality science, technology, engineering, and mathematics (STEM) education to Native American students since it was founded in 1979. The University is a fully accredited institution of higher learning with an excellent student to teacher ratio of 6 to 1. The full-time faculty percentage at NTU is 100%, which is exceedingly higher than the national average of 47%. Furthermore, a freshman retention of 71% exceeds the national average of 68%.  NTU offers certificate programs for job preparedness, associate, baccalaureate, and graduate degrees to a student body that primarily consists of Navajo tribal members, but also serves other populations, such as Pueblo and Ute students, in Northwestern New Mexico and Eastern Arizona.  Students that attend NTU come from a Navajo economic landscape that features a high unemployment rate and a poverty rate near 43% thus classifying itself as an underserved-communities. As a result, many of the people and the communities in which they reside are trapped in cycles of poverty that have limited their ability to access resources needed in order to sustain a healthy lifestyle such as running water in some isolated areas of Navajo Nation. 
The Center for Digital Technologies housed at NTU is America’s only TCU metal Additive Manufacturing (AM) laboratory. From humble beginnings in a single wide trailer with a single, shared T-square working on butcher block paper for teaching AutoCAD (circa 2004) and drafting technology, it has grown to be a sophisticated teaching and research and development (R&D) technology center. In 2012, with partial funding from NSF and NASA, NTU established a Fabrication Laboratory (Fab Lab) dubbed the Center for Digital Technologies (NTUCDT) to support STEM education by providing the personnel and equipment for engineering projects, research, fabrication, software modeling services as well as hardware and software training and support.  Industry demands that graduates from engineering programs know how to utilize new, evolving technologies within the engineering disciplines, along with theoretical mathematics-based courses. 
Through diligent attention to national trends in the manufacturing research and development sector, capacities grew within the lab at an exponential rate. Today, the Center for Digital Technologies houses a sophisticated metal and plastic AM teaching, training, and services center; a Metrology Inspection hub equipped with items such as 3D Computed Tomography (CT) nondestructive scanning technology, High Definition (HDI) Laser Scanners; a Material Testing suite for component testing, fatigue testing, static testing, and fracture mechanics; and high-resolution, optical imagery laser microscopes, all of which is available for training students, faculty and industry research alike. Just as NTU has had several iterations (Navajo Skill Center, Crownpoint Institute of Technology, Navajo Technical College), NTU’s Fab Lab has kept pace with all of its capacity expansion. Today, the Fab Lab (NTUCDT) is the Navajo Technical University Center for Advanced Manufacturing (NTUCAM) which better expresses the Center’s activities and growth achievements. 
Fortifying this growth remains the solid commitment to NTUCAM and the Center’s mission of developing a workforce and serving the needs of Advanced Manufacturing on the Navajo Nation, at NTU, and statewide enterprises. The vision of NTUCAM is to continue to develop and maintain a Center of Excellence in Advanced Manufacturing technologies that continues to be a forerunner in national economic growth trends while providing the Navajo Nation and statewide stakeholders the necessary tools to advance tribal education, TCU-led research, TCU-Industry partnerships, and the Navajo Nation’s economic self-sufficiency through Advanced Manufacturing initiatives. The core values of Nista’ha’kees, Naha’ta’, Iina, and Siihasin provide the guiding educational philosophy of our work and differentiate NTUCAM from other similar sector enterprises.  NTUCAM provides an empowerment to contribute their personal educational achievements towards familial and Nation-wide prosperity. 
The Center provides a platform for project-based, hands-on STEM education. Students learn by designing and creating objects relevant to their course of study. Empowered by the experience of making something themselves, they both learn and mentor each other, improving understanding of basic principles and gaining knowledge about the technologies, machines, materials, design process, and engineering that goes into invention and innovation. Rather than relying on a fixed curriculum, learning happens in an authentic, engaging, personal context, one in which students go through a cycle of imagination, design, prototyping, reflection, and iteration as they find solutions to challenges that bring their ideas to life. Examples of Digital Manufacturing student projects include capturing the current state of the Navajo Nation Council Chambers for historical preservation and then working to upgrade the space for more efficient use. Additionally, assisting a company, Business Environments, with exploring ways to use data for better efficiency in their workflow. 	Comment by Valdez, Mario Orlando: Capturing in what sense? Do you mean through metrology principles or something else?	Comment by Lucas Valdez: I think he means capture in an all-encompassing means, not a measurement. 
Navajo Technical University’s institutional strategic plan includes priorities that leverage the commitment to economic development on the Navajo Nation. The Navajo Nation included NTU and the Center for Advanced Manufacturing within their Comprehensive Economic Development Plan of 2018 in order to support new industry development. Through its Advanced Manufacturing Center, NTU strives to stay in front of the industry by offering education, research, and prototype service for Navajo students specific to the AM industry thus providing opportunities for partners and clients looking for opportunities to investigate more comprehensive solutions to their AM needs. This initiative is being driven by challenges on the Navajo Nation to secure economic stability through Reservation-based revenue generating opportunities, due largely to decline in coal markets which provide ~1/5th of the Navajo Nation budget. One of the top priorities of the Navajo Nation administration is to replace these revenue streams and job losses. It has been my experience that the expanded learning opportunities offered through lab-oriented educational investments holds the most promise for future scientific discovery and high-wage earning job creation. NTUCAM’s teaching methodology has proven very effective at encouraging Navajo students to advance their educational pursuits from technician to engineer to scientist while supporting high-level research.	Comment by Montano: Should we include the reference here?
The Center has proven its effectiveness at developing a Navajo workforce as evident by the percentages of Center personnel who are now employed in technology-rich careers following their Center education and training experiences.  We anticipate that current and future graduates of the Center will be positioned to jump start new Navajo manufacturing businesses that will serve the Navajo Nation, community, and familial commitments. In that capacity, the Center serves as an incubator for Navajo Nation economic self-sufficiency while also providing sustainable educational programs, research and technology transfer opportunities. Navajo students, K-12 and higher-education, can move through the experiential learning provided by NTU and the Center, while establishing their own advanced manufacturing work experience portfolios at NTU and with industry partners.
[bookmark: _Toc120609758]Accomplishments
During the last strategic plan developed in 2018, a majority of goals were realized and many exceeded. 
· Expansion of the Center for Digital Technologies and Development as a Center for Advanced Manufacturing	Comment by Montano: Similar comment as above – group related topics and prioritize most important to the top.
· Adoption of metal AM – Optomec MTS 500 DED Hybrid System
· Creation of the support services for metal AM industrial and research needs
· Securing of funds for new Metrology and Materials Testing Building
· Responsive to the Energy Transition Act Commission (ETAC) September 2022 Request for Workforce Solutions Request for Information Additional equipment procurement to support metal AM research
· Full-time staff hiring
· Staff Training
· Laboratory Protocols and Operations Plan documentation
· Training of mainstream university engineering faculty
· Laboratory mentorship for mainstream University engineering faculty   
· Research activities and support for mainstream University engineering colleagues 
· Publications/Conference Papers/Key-Note presentations
· Educational support for NTU, TCU-wide, and mainstream engineering personnel
· Department of Energy, National Nuclear Security Administration Additive Manufacturing Leadership and Training site 
· Capstone Project support and student mentorship
· Creation of the most robust metal AM research lab within New Mexico as a model for academic institutions 
· Economic and workforce development incubator 
· NTU employment hub for engineering graduates both in house and within regional industries 
· Expansion of NTU’s research partnerships portfolio
· New Mexico Firsts:
· First University to own and operate a metal AM machine
· First University to own and operate a Computed Tomography (CT) scanner
· First University to own and operate an Electric Discharge Machining (EDM) machine
· Creation of the most robust metal AM research lab in academia
[bookmark: _Toc120609759][bookmark: _Hlk116555159]Future Growth Opportunities in Advanced Manufacturing
Technological advancements are transforming the manufacturing landscape not just in internal product production but also in both the supply chains and distribution channels. While the previous 10 to 15 years were defined by outsourcing and off shoring to find low cost alternatives for manufacturing, reduced labor costs, the rise of 3D printing, and cheaper energy domestically have cut into the overhead costs of manufacturing thus promoting a renewed look at moving more manufacturing back to the United States. Technologies such as 3D printing allow a software-savvy employee to print a product onsite for a customer in real-time thus leading manufacturing to become highly distributed and democratized. The result is that advanced manufacturing allows for the establishment of factories that leverage local talent, resulting in the democratization of manufacturing. 	Comment by Montano: Not sure if this needs to be in italics.
The COVID-19 pandemic has taken a severe toll on the global economy including the global market for additive manufacturing.  Lockdowns and restrictions restrained the growth of the market. Despite the dismal market growth statistics, the industrial 3D printer segment dominated the market in 2021 and accounted for a revenue share of more than 63%. Industrial 3D printers are being adopted across a wide variety of industries and industry verticals such as automotive, electronics, aerospace & defense, and healthcare, as well as for some applications such as prototyping, design, and tooling. Given the explosive adoption of additive manufacturing for prototyping, designing, and tooling, the industrial 3D printer segment is expected to continue to dominate the market over the foreseeable forecast period. 	Comment by Lucas Valdez: We should probably add the source here. 
The global additive manufacturing market size was estimated at USD 13.84 billion in 2021 and is expected to expand at a compound annual growth rate (CAGR) of 20.8% from 2022 to 2030 (source: Grand View Research). The metal segment, an NTUCAM niche, dominated the market in 2021 and accounted for a revenue share of more than 50%. The metal segment is anticipated to continue dominating the market and expand at the highest CAGR of more than 21% over the foreseeable forecast period. Based on materials, the market is further segmented into polymer, metal, and ceramic. The polymer segment accounted for the second-largest revenue share in 2021 with the ceramic segment being poised for significant growth (another NTUCAM niche). Although additive manufacturing using ceramic is a relatively newer technique, the R&D initiatives market players are pursuing for AM technologies, are driving the demand for ceramic AM. With that said, NTUCAM is delving into ceramic materials manufacturing. The National Institute of Standards and Technology (NIST) estimates that 30% market saturation will be valued at $617.7 billion and achieved by 2065. Table 1 summarizes future growth opportunities by area. 	Comment by Montano: Not sure if we can call it a niche yet if there isn’t significant ceramic printing already taking place at NTU.	Comment by Harold Halliday: Potential niche – we have a track record for niches such as CT Scanning within a wide area (miles)
Industry Analysis
	Table 1: Market Projections in Advanced Manufacturing	Comment by Lucas Valdez: Put another row with the NIST source. Or place the NIST source somewhere on this table. 

	Area: 
	Market projection:

	AM market size value (MSV) 2022
Revenue forecast in 2030
Growth Rate
Base year for estimation
	$16.75 billion in 2022
$76.16 billion
20.8% CAGR from 2022 to 2030
2021

	Rapid prototyping MSV in 2020
Revenue forecast in 2028
Growth rate
	$455.3 million 
$1,496.7 million
17.2% CAGR from 2021 to 2028

	Metrology services MSV 2020
Revenue forecast in 2025
Growth rate
	$687.0 million
$939.3 million
5.9% CAGR from 2019 to 2025

	Non-destructive inspection MSV 2022
Revenue forecast in 2029
Growth rate
	$18.9 billion 
$16.66 billion
13.66% CAGR from 2022-2029

	Composite Manufacturing MSV in 2021
Revenue forecast in 2028
Growth rate
	$88.8 billion
144.5 billion
6.6% CAGR from 2021…

	Ceramic Manufacturing MSV in 2021
Revenue forecast in 2028
Growth rate
	$253.8 billion
$348.0 billion
4.4% CAGR from 2021…

	Non-Destructive Evaluation MSV in 2022
Revenue forecast in 2030
Growth rate
	$18.9 billion
$34.1 billion
6.7% CAGR by 2027



3D printing will potentially have a greater impact globally over the next 20 years than all of the innovations from the industrial revolution combined. Although traditional manufacturing will likely still hold a place in the competitive landscape in the years to come, the next 10 to 20 years promise to reveal a rapid increase in the innovations made possible by 3D printing. The private sector will want to continue working towards embracing this technology as a platform to create new businesses, business models, products and services. The market for rapid prototyping is forecast at $1,496.7 million by 2028.
The global metrology services market is anticipated to reach $939.3 million by 2025, according to a new study by Grand View Research, Inc. Increasing demand among end-users in different industries for precision components with tight-tolerance/low-uncertainty limits such as power generation, electronics, and automotive is anticipated to drive growth. Additionally, technological innovation in the field of metrology is expected to positively impact growth. These advancements further influence growth pattern and stimulate new product and software developments for industry players. Consequently, demand for advanced measurement tools and services are expected to aid manufacturers in competently tapping data such as 3D modeling and measurements.
Non-destructive inspection technologies revenue is expected to increase to $16.66 billion by 2029. The forecast period offers huge growth potential for technologies such as computed tomography, phased array ultrasonic testing, and data management tools, as these techniques are more efficient in terms of deriving accurate results. Not to be confused with Non-Destructive Evaluation (NDE; discussed below) which includes both testing and the evaluation of the results, while Non-Destructive Inspection (NDI) is restricted to testing only. One way to look at the differences is NDI is used to locate defects in an asset while NDE is used to measuring the size, shape, orientation, and other physical characteristics of the defect on top of locating it. The revenue forecast in 2029 for NDI is $16.66 billion.
Composite Manufacturing consists of two distinct materials which together improve product performance and/or lower production costs. Composite materials are essentially a combination of two or more dissimilar materials that are used together in order to combine best properties, or impart a new set of characteristics that neither of the constituent materials could achieve on their own. Composites offer the economic benefits of lower weight and reduced fabrication costs. Because of this, they are ideal for use in many industries. The composite manufacturing industry market forecast is a growth rate of 6.6% with a revenue forecast of $144.5 billion in 2028.
Ceramic Manufacturing The term “ceramics” refers to a wide range of products and materials used for an equally wide variety of applications, from commercial uses to the aerospace industry. A ceramic is a material that is neither metallic nor organic. Ceramic manufacturing is the process used to sinter and fabricate ceramic materials into non-metal parts. Ceramics have great thermal properties such as they can withstand high temperatures, are good thermal insulators, and do not expand greatly when heated. This makes them excellent thermal barriers, for applications that range from lining industrial furnaces to covering the space shuttle to protect it from high reentry temperatures. Ceramics are more than pottery and dishes: clay, bricks, tiles, glass, and cement are probably the best-known examples, but ceramics are also used to make spark plugs, fiber optics, artificial joints, space shuttle tiles, cooktops, race car brakes, micro-positioners, chemical sensors, self-lubricating bearings, body armor, and skis to name a variety of productions in various industries. The revenue forecast for ceramics in 2028 is $348.0 billion.
Non-Destructive Evaluation/Testing is a technology which plays a critical role in the safety of the many products, transportation systems, and infrastructure used around the world. The importance of NDE/NDT cannot be overstated as the many applications lead to avoiding catastrophic failures on a daily occurrence. Beyond the important aspects of safety, NDE/NDT measurements provide an essential validation of the quality of a product and add economic value to the manufacturing process, as well as helping manufacturers avoid the costly effects of a poor-quality product reaching the consumer. NDE/NDT offers reliable and accurate results thus providing a foundational stability in manufacturing and production. Since this testing method does not damage the components, all pieces of equipment and machinery can be tested which can minimize the inaccuracy of test results and any undermined irregularities. NDE/NDT provides the “eyes” so the structural engineer can verify, and validate, that manufacturing has delivered what was designed. In aerospace, structural engineers and designers have the fundamental responsibility in the creation of the overall product. The revenue forecast in 2030 for non-destructive evaluation is $34.1 billion.
[bookmark: _Toc120609760]The Role of the Strategic Plan
The purpose of this strategic plan is to provide an accurate, and historical, accounting of the Center’s growth, to provide a precise accounting of the Center’s benchmark achievements and areas for improvement, and to set the goals and objectives for the foreseeable future. Through careful scrutiny of these details, we can best develop a realistic assessment to develop future priority goals. To ensure best outcomes this plan will be reviewed by Center personnel, NTU stakeholders, Advisory Board members, and AM colleagues all of whom are invited to provide useful insights and recommendations. 
The adoption and implementation of the NTUCAM strategic plan represents Navajo Technical University’s commitment to embracing a proactive and comprehensive planning approach. Additionally, to move toward TCU-led education and training offerings that create significant and lasting change by increasing access to education and high wage-earning employment for Navajo people. This plan will guide the benchmarks and milestones of an evolving hub for an additive manufacturing ecosystem which enables research and development, higher-education and pre-college education outreach, workforce development and entrepreneurial incubation, as well as NTU-led Navajo Nation economic and social equity advancement. The technology-infused activities being conducted and developed in the Center, which includes CAD (e.g., design and simulation), machine operation (e.g., machine prep, parameter setting, part build, part removal, machine cleaning and maintenance), post-processing (e.g., part removal from plate, support material removal, heat treatment, machining, polishing, etc.), part validation (e.g., metrology, mechanical properties and characterization) offer a suite of technical, engineering, and scientific opportunities to serve all levels of Navajo education an employment aspirations.
In addition, providing a framework for determining specific measurable goals, the plan contains Key Performance Indicators (KPI) which provide generalized, as well as specific, metrics for impartial assessment of the goals and objective outcomes. The Advisory Board, along with an affiliated designated working group, will provide help in reviewing the KPI measurable outcomes on a semi-annual basis and will then present their bi-annual recommendations for each of the priority areas to the Center Coordinator who will be responsible for informing, the President of the University as well as Advanced Manufacturing leaders. The KPI section follows the Strategic Initiatives and Goals and Objectives sections. 
[bookmark: _Toc120609761]2023-2028 Strategic Initiatives
General Goals:
A non-exhaustive list of generic goals to strive to are presented below, where prioritized goals are discussed in following sections. Goal-drive areas are: 
· Composite Manufacturing	Comment by Montano: I would order these so they roughly follow the four priorities below.
· Ceramic Additive Manufacturing
· LPBF Metal Additive Manufacturing 
· Non-Destructive Evaluation
· Apprenticeships
· Workforce Training
· Provide Manufacturing Services
· Increase Research
· Educational Workshops 
[bookmark: _Toc120609762]Priority 1: Education Support 
The NTUCAM will provide STEM programs, the infrastructure to implement experiential learning, hands-on projects and practical application to classroom theory. Additionally, internship opportunities for students in metrology, materials properties and characterization, additive manufacturing and machining. 
Goals and Objectives
1. Enhance the Center with equipment relevant to advanced manufacturing-based curriculum.		
a. Support Metrology Education (New Building)
i. Fill Metrology/Inspection Gap Needs
1. Other grants for equipment support 
ii. Create an educational Lab
1. What is needed at this level
b. Support Materials Education (New Building)
i. Fill Materials Testing and Characterization Gap needs
1. Other grants to support
c. Support Machining Education (Fabrication Lab)
i. TEA grant to help equip lab	Comment by Lucas Valdez: Might want to spell out what the TEA acronym stands for. 
ii. Other grants to support
d. Support Additive Manufacturing (Fabrication Lab)
i. Grow Educational Training Infrastructure
1. Identify equipment
ii. Other grants to support
iii. Purchase Metal machine
e. Support Ceramic Manufacturing (Fabrication Lab)
i. Grow Educational Training Infrastructure
1. Identify equipment
ii. Other grants to support
f. Support Composite Manufacturing (Fabrication Lab)
i. Grow Educational Training Infrastructure
1. Identify equipment
ii. Other grants to support
g. Expand on Certificate/Short Course offerings	
2. Create an institutional culture
a. Engage all faculty, staff and students 
b. Create, together, a culturally responsive education.
3. Map NTUCAM curriculum
a. Adjust curriculum content to reach the goals of Navajo Nation (plant or small manufacturing design, material properties skills and knowledge, metrology skills and knowledge, pathway to research with academia)
b. Adjust curriculum content to reach the goals of NTU

[bookmark: _Toc120609763]Priority 2: Research 
Develop a comprehensive research agenda which arises from the projects and focus areas of the Center. Research will leverage and build upon the Center’s equipment, materials and previous research. 
Goals and Objectives
1. Lab Personnel
a. Develop oOrganizational cChart to manage lab.s (developedAppendix A)
2. Additive Manufacturing Research
a. Research grants
b. Industry mMentor/student collaboration grant opportunities
i. NSF – Jody Chase
c. Senior students build research portfolios, working with industry mentor
i. V&M Global Solutions
3. Research Activities
a. Students working in lab conducting research
4. Research planning
a. Develop a comprehensive research strategic plan, which details resources needed, funding possibilities, industry mentors, and NTU priorities
b. Involved Navajo Nation and other stakeholders in research plan

[bookmark: _Toc120609764]Priority 3: Industry Partnerships 
To create a national and international sphere of partners that support and are supported by the Advanced Manufacturing infrastructure at NTU and on the Navajo Nation.
Goals and Objectives
1. Develop Industry Partnerships in Advanced Manufacturing
2. Internships (industry basedindustry-based internships)
3. Apprenticeships
4. Workforce Development
5. Workshops 
[bookmark: _Toc120609765]Priority 4: Economic Sustainability 
Develop and implement a revenue generation strategy that ensures the creation of a new economic structure on the Navajo Nation.
Goals and Objectives
1. Develop the a LLC business arm of NTU to enable revenue generation
a. Tony	Comment by Montano: Might consider including a little more info like a last name, title, business, etc.
2. Build the infrastructure to engage in contracting for services and research
a. Certification
b. Training
3. Create a plan for Services: 
a. Mmetrology/inspection services, 
b. Mmaterial testing and characterization services, 
c. Pprototyping using 3D printing polymers and metals
d. Research revenue
e. Metal AM services
[bookmark: _Toc120609766]Key Performance Indicators 
The following key performance indicators are designed to ensure NTUCAM educational excellence, research and development proficiency, and manufacturing competitiveness in order to help the Navajo Nation achieve a leadership role in Advanced Manufacturing. It is expected that NTUCAM demonstrate its effectiveness in achieving stated goals and objectives, in meeting the NTU’s program mission, and in complementing the strategic goals of the Navajo Nation. Therefore, performance will be assessed on the following activities:	Comment by Harold Halliday: Haven’t really addressed her and beyond

	Table2: Activities and Metrics  	Comment by Montano: You might consider having the first column as your priority from the previous section.  This will tie in what your measuring back to your objectives.  You might consider the second column as the Metric Category followed by the PI Activity and your fourth as the specific KPI.  This will also allow you to combine Table 2 and 3.

	PI Activities and Sustainment 
	Metric Category

	Development and implementation of education, training, and workforce recruitment courses, materials, and programs 


Outreach to pre-college Tribal students
________________________________________________ 
Research, development, and demonstration projects, including proof-of-concept development and prototyping, including but not limited to cost reduction analysis, time reduction analysis, commercialization potential/new technologies and improvements in existing technologies potential, processes, products, and research and development in Metrology and materials sciences to solve precompetitive industrial problems with Navajo Nation economic stability and/or national security (DOD) implications.

Development of innovative methodologies and practices for supply chain integration and introduction of new prototypes and technologies into supply chains

	Graduation/program completion data,
Development of a Navajo Nation advanced manufacturing workforce

Number of students impacted
______________________________
Technology advancement 
Research & Development, 
Technology Transfer 





Entrepreneurial ventures
Commercialization potentials
Industrial services

	Outreach and engagement with small and medium-sized enterprises, including minority owned/Navajo Nation owned enterprises, in addition to large manufacturing enterprises

A stable and sustainable business model including short-term/long-term Federal funding. 

A long-term plan towards self-sustaining, independent of Federal funds after 15 years 


	Impact to Navajo Nation innovation/ ecosystem


Financial sustainability





	Table 3: Top-level Specifics in Each Metric Category

	Metric Category
	Specific Metric

	Graduation completion
Development of an advanced manufacturing workforce

	Percentages
1. Number and quality of STEM Activities
2. Educator/trainer engagement

	Technology advancement (Development, Transfer, Commercialization, etc.)

Impact to innovation/NN ecosystem


	1. Number and value of active R&D demonstration, NTUCAM projects
2. Percentage of projects meeting key technical objectives

1. TCU enrollment, retention data
2. NN workforce data
3. Number of partner organizations
4. Number of persons/institutions impacted

	Financial sustainability
	1. Tuition, fees, Cooperative agreements, Navajo Nation subsidies, Federal funding, Services, other
2. Cash flow ratio (revenue to expenditures)




In addition to quantitative measures, qualitative assessment in the form of “nuggets” or “success stories” are also useful to demonstrate the performance and success of NTUCAM. These narratives or illustrative measures concisely capture the unique nature of NTUCAM’s mission. Broadly speaking, these narratives include the following areas:
(1) Student impacts as narrated by students, 
(2) Faculty observations, 
(3) Catalyzing reactions of NTUCAM investment, 
(4) Scale-up of NTUCAM basic innovations (manufacturing processes, Metrology, etc,),
(5) Regional ecosystem development, 
(6) Navajo Nation economic development impacts 
(7) Supply chain engagement,
(8) Enhancement of AI/AN U.S. workforce development and;
(9) Success of NTUCAM impacts to the industry, the economy, and society. 
These vignettes can help contextualize the impact of NTUCAM, but they will be separated from other more quantifiable metrics. Rather, they can provide clear examples of more robust trends supported by the data.
Metrics and time frames will evolve along the stages of the Strategic Plan as it encompasses various programs and activities, and as its influences on different stakeholders are more noticeable in certain stages. Therefore, diverse metrics may be needed at different time periods: 
· Short-Term Measures may include participant demographics, measures of partnering, R&D acceleration, and outputs such as publications, prototypes, and process developments 
· Mid-Term Measures may include new AM activities, potential licensing activity, attractions of addition capital, strategic alliance development, and NTU growth 
· Long-Term Measures may include return on investment, inter-industry diffusion, and broader manufacturing sector impacts.




[bookmark: _Toc120609767]APPENDIX A 


IMPLEMENTATION for NTU CAM

Priority 1: Education Support

Goals and Objectives -– Equip Provide the Center with equipment relevant to advanced manufacturing basedmanufacturing-based curriculum
	
	Leadership
	Budget
	Secured Funding
	Unmet Need
	Progress

	Support Metrology Education

	Establish Educational Lab
	Scott	Comment by Montano: I would add last names
	$2.5 million
	EDA & NN 
$2.5 million
	$0.00
	Design phase almost complete (8-30-2020)

	Equipment for lab
	Scott
	$300,000
	Portion of $3.5 million TEA
	$275,000
	Equipment purchased and installed – need granite tables

	Establish NTU Budget
	Scott, Cheryl/Budget committee
	$5,000/year
	$135,000/year
	$0/year
	CDT Budget now implemented

	Create Metrology Program
	Scott, TBD 
	$150,000
	Possible Perkins Funding
	$150,000
	Equipment in place, need instructor. Curriculum developed (draft)

	Support Material Science Education

	Establish Lab
	Scott
	$5,000
	Portion of $3.5 million TEA
	$0.0
	New Building being designed

	Establish NTU Budget
	Scott, Cheryl/Budget committee
	See budget above
	$0.0
	$0

	Budget is implemented

	
	
	
	
	
	

	
	
	
	
	
	

	Support Machining Education

	Equipment for lab
	Scott
	$300,000
	Portion of $3.5 million TEA
	$0.00
	EDM, Lathe, Horizontal Band Saw.

	Establish NTU Budget
	Scott, Cheryl/Budget committee
	See above
	$0.0
	$0
	Budget is implemented

	Create Machining Program
	Scott, TBD 
	
	
	
	Equipment in place, need instructor. Curriculum developed (draft)

	Support Additive Manufacturing Education

	Establish NTU Budget for Polymers
	Scott, Cheryl/Budget committee
	See above
	$0.0
	$0
	Budget implemented

	Acquire Metal AM Printer
	Scott
	$1,500,000
	$0.0
	$1,500,000
	Optomec DED purchased and installed. Still need powder Bed Laser Fusion machine

	Create metal AM Training program
	Scott, advisory group
	$0.0
	NSF TEA grant
	$0.0
	Working with Optomec for DED training, Curriculum for metal AM technician completed

	Develop AM tracking system
	Scott, IT, Greg
	$0.0
	$0.0
	$0.0
	Implemented ticketing tracking system

	Create an institutional culture

	Engage all faculty, staff and students 

	
	
	
	
	

	Create together culturally responsive education
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Map NTU CAM curriculum

	Adjust curriculum content to reach the goals of Navajo Nation (plant or small manufacturing design, material properties skills and knowledge, metrology skills and knowledge, pathway to research with academia)

	Scott, Advisory Committee, Navajo Nation
	$0
	
	
	Certification programs to be developed – AAS Engineering Technology pre-requisite
Programs include: AM technician, metrology technician, materials lab technician

	Adjust curriculum content to reach the goals of NTU

	Scott
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



Priority 2: Research
To develop a comprehensive research agenda which arises from the projects and focus of the Center. Research will leverage and build upon the Center’s equipment and materials and previous research. 

Goals and Objectives: To develop a comprehensive research agenda which arises from the projects and focus of the Center. Research will leverage and build upon the Center’s equipment and materials and previous research. 

	
	Leadership
	Budget
	Secured Funding
	Unmet Need
	Progress

	Research Support - Metrology

	Establish Metrology Lab to support research activities
	Scott
	$2.5 million
	EDA & NN 
$2.5 million
	$0.00
	Building A/E services and TEA funding for equipment

	Equipment for lab
	Scott
	$300,000
	Portion of $3.5 million TEA
	$275,000
	Most equipment already acquired – need granite tables

	Establish NTU Budget
	Scott, Casmir, Geraldine
	$5,000/year
	$0.0
	$5,000/year
	None

	Attain Lab Certification
	Scott
	~$20,000/year
	$0.0
	$20,0000
	Filing of Certification, budget for certifications of equipment/year

	Research Support - Material Testing and Characterization

	Establish Certification for Lab (ISO 17025 & NADCAP)
	Scott
	$Unknown
	Portion of $3.5 million TEA
	$0.0
	Certification documentation being filed. 

	Establish NTU Budget
	Scott, Casmir, Geraldine
	$10,000/year
	$0.0
	$10,000/year
	None

	
	
	
	
	
	

	
	
	
	
	
	

	Research Support - Machining Support for Metal AM

	Equipment for lab (covered by education)
	Scott
	$300,000
	Portion of $3.5 million TEA
	$0.00
	EDM, Lathe, Horizontal Band Saw.

	Establish NTU Budget
	Scott, Casmir, Geraldine
	$10,000/year
	$0.0
	$10,000/year
	None

	
	
	
	
	
	

	Support Additive Manufacturing Education

	Establish NTU Budget for Polymers
	Scott, Casmir, Geraldine
	$10,000/year
	$0.0
	$10,000/year
	None

	Acquire Metal AM Printer
	Scott
	$2,000,000
	$0.0
	$2,000,000
	Grant submitted for $445,000 Optomec machine – EOS and Optomec Hybrid still unfunded

	Create Training program
	Scott, advisory group
	$0.0
	NSF TEA grant
	$0.0
	Working with Optomec for DED training, Have Joshua Toddy working at UNL for training

	
	
	
	
	
	

	Research Planning

	Engage all faculty, staff and students 

	
	
	
	
	

	Create Comprehensive Research Outline to leverage funding
	
	
	
	
	

	Support personnel
	Scott – other grant writers
	$560,000/year
	$260,000
	$300,000
	Grants for next 5 years to help offset costs

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



Priority 3: Industry Partnerships
To create a national and international sphere of partners that support and are supported by the Advanced Manufacturing infrastructure at NTU and on the Navajo Nation
Goals and Objectives: To create a national and international sphere of partners that support and are supported by the Advanced Manufacturing infrastructure at NTU and on the Navajo Nation.

	
	Leadership
	Budget
	Secured Funding
	Unmet Need
	Progress

	Develop Industry Partners

	Metrology 

	Scott
	$
	15,000/year
	$
	V&M Global Solutions


	Material Testing
	Scott
	$
	
	$
	UNL, University of Utah, Oklahoma, Jacobs Engineering (Huntsville, AL)

	Metal AM
	Scott
	$
	$0.0
	$
	Optomec, Sigma Labs

	
	
	
	
	
	

	Internships

	Metrology
	Scott
	$Unknown
	Portion of $3.5 million TEA
	$0.0
	Certification documentation being filed. 

	Machining
	Scott, Casmir, Geraldine
	$10,000/year
	$0.0
	$10,000/year
	None

	Metal AM
	
	
	
	
	

	Agencies
	
	
	
	
	

	Apprenticeships 

	Equipment for lab (covered by education)
	Scott
	$300,000
	Portion of $3.5 million TEA
	$0.00
	EDM, Lathe, Horizontal Band Saw.

	Establish NTU Budget
	Scott, Casmir, Geraldine
	$10,000/year
	$0.0
	$10,000/year
	None

	
	
	
	
	
	

	Workforce Development

	Establish NTU Budget for Polymers
	Scott, Casmir, Geraldine
	$10,000/year
	$0.0
	$10,000/year
	None

	Acquire Metal AM Printer
	Scott
	$2,000,000
	$0.0
	$2,000,000
	Grant submitted for $445,000 Optomec machine – EOS and Optomec Hybrid still unfunded

	Create Training program
	Scott, advisory group
	$0.0
	NSF TEA grant
	$0.0
	Working with Optomec for DED training, Have Joshua Toddy working at UNL for training

	
	
	
	
	
	



Priority 4: Economic Sustainability
Develop and implement a revenue generation strategy that ensures the creation of a new economic structure on the Navajo Nation.
Goals and Objectives: Develop and implement a revenue generation strategy that ensures the creation of a new economic structure on the Navajo Nation.

	
	Leadership
	Budget
	Secured Funding
	Unmet Need
	Progress

	Develop the LLC arm of NTU

	Create Business

	Tony, Sharon, Admin
	
	
	$
	Not sure


	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Build the infrastructure to engage in contracting for services and research

	Metrology
	Scott
	$Unknown
	Portion of $3.5 million TEA
	$0.0
	Certification documentation being filed. 

	Machining
	Scott, Casmir, Geraldine
	$10,000/year
	$0.0
	$10,000/year
	None

	Metal AM
	
	
	
	
	

	Agencies
	
	
	
	
	

	Create a plan for Services 

	Expertise
	Scott
	$300,000
	Portion of $3.5 million TEA
	$0.00
	EDM, Lathe, Horizontal Band Saw.

	Workforce
	Scott, Casmir, Geraldine
	$10,000/year
	$0.0
	$10,000/year
	None

	Management Plan
	
	
	
	
	

	Workforce Development

	Establish NTU Budget for Polymers
	Scott, Casmir, Geraldine
	$10,000/year
	$0.0
	$10,000/year
	None

	Acquire Metal AM Printer
	Scott
	$2,000,000
	$0.0
	$2,000,000
	Grant submitted for $445,000 Optomec machine – EOS and Optomec Hybrid still unfunded

	Create Training program
	Scott, advisory group
	$0.0
	NSF TEA grant
	$0.0
	Working with Optomec for DED training, Have Joshua Toddy working at UNL for training

	
	
	
	
	
	



4. Develop the LLC business arm of NTU to enable revenue generation
a. Tony	Comment by Montano: Add last name
5. Build the infrastructure to engage in contracting for services and research
a. Certification
b. Training
6. Create a plan for Services: 
a. Mmetrology/inspection services, 
b. Mmaterial testing and characterization services, 
c. Pprototyping using 3D printing polymers and metals
d. Research revenue
e. Metal AM services



Action Items:
1. Acquire a Metal 3D printer
a. Optomec DED machine – Hybrid (School, Navajo Nation, grant or private investor) $800,000
i. Grant written and submitted to purchase basic Optomec ($400k)
b. Powder Bed Laser Fusion machine
i. EOS (used by partners and Boeing) M100 
ii. Renishaw (good leasing options)
2. Metrology and Materials Testing Building
a. Funded 
i. RFP Design Services – Dec 2018
ii. RFP Construction – March 2019
iii. Completion - Fall 2019
iv. Fully operational Dec 2019
v. Certifications 2021(?)
3. Machinist Program
a. NTU Bond Wilson Instructional Site
i. Grant Written and submitted ($3 million)
ii. Plan B – Salt River Project (SRP)
b. Key part of Additive Ecosystem
4. Funding for Student/graduate Technicians
a. Funded by each research grant (percentage)
b. Grants written that includes Technicians
c. (Instructors suggested hiring someone with experience – told them why they don’t have confidence in our graduates, work with them to gain the experience)


The NTU Center for Advanced Manufacturing is currently creating the workforce to operate the lLabs that are included within the NTUCAM through a combination of education, industry internships, and industry training. The organizational chart for the NTUCAM is presented below and will be referenced in the job duties and personnel identified for each position. These positions are expected to be filled by current interns working within the lab who are uniquely qualified to facilitate educational activities, research activities and the services that need to be provided by the NTUCAM and will be employed full time by the institution to support STEM programs, not grant supported. 
	Comment by Montano: I would keep your name as the Director but you may consider removing all the other names.  Just keep the job titles that way your org chart still applies even if someone leaves.

I’d also reconsider renaming the Metal Additive Manufacturing Coordinator to just “Additive Manufacturing Coordinator” that way you have Metal and Polymer below.

Lastly, the AM Tech should be reporting to the AM Coordinator.  If you’d like them reporting directly to you, then you should consider a different title.
Mr. Halliday will continue to act as the Director for the lab and will coordinate activities within the lab to support the education, research and economic development goals of the NTUCAM, NTU and the Navajo Nation. Reporting directly to Mr. Halliday will be the four main lab coordinators who will be responsible for the day to dayday-to-day operation of the lab and to ensure that all equipment is operational and certifications are maintained. The lab coordinators will manage the work of the technicians who will be responsible for the maintenance and assist in the operation of the machines for education/research/services. The technicians will be responsible for interns working in the lab along with the Lab Coordinator so that the interns receive the most rewarding internship experience. 

Metal Additive Manufacturing Lab Coordinator,  $40,000/year
(Joshua Toddy): wWill be responsible for the safe operation of the equipment in both the polymer and metal additive manufacturing labs. ($40,000/year)
Metal Additive Manufacturing Technicians , $30,000/year 
(Gregory Dodge Temp): wWill be responsible for the maintenance of the machines, safe operation of the machine(s), assisting in the training during educational activities, assisting research projects, and service jobs. ($30,000/year)
Polymer Additive Manufacturing Technician , $30,000/year(Gregory Dodge): 
wWill be responsible for the safe operation of the 3D polymer printers, cleaning and maintenance of the machines and facilitating the educational and research activities needing polymers. ($30,000/year)
Metrology Lab Coordinator , $40,000/year(Eric Bailey): 
wWill be responsible for the safe operation of the various metrology equipment in both the research and educational portions of the lab, certification and periodical calibrations of the equipment, facilitating the various metrology work for the technicians and to operate the CT scanner. ($40,000/year)
Metrology Lab Technician , $30,000/year(TBD): 
Wwill be responsible for the daily tasks of measurements, calibration of equipment, and facilitating educational, research and services activities as needed. ($30,000/year)
Material Testing Lab Coordinator , $40,000/year(Adriane Tenequer): 
wWill be responsible for the safe operation of the various material testing and characterization equipment in both the research and educational portions of the lab, certification and periodical calibrations of the equipment, facilitating the various material testing and characterization work for the technician. ($40,000/year)
Material Testing Lab Technician , $30,000/year(Marcie Vandever): 
Wwill be responsible for the daily tasks of measurements, calibration of equipment, and facilitating educational, research and services activities as needed. ($30,000/year)
Machining Lab Coordinator , $40,000/year(Shane Tsosie): 
Wwill be responsible for the safe operation of the various machining and finishing equipment in the CNC/Machining lab, maintenance, training programs and to support the machining tasks associated with the hybrid metal additive manufacturing. ($40,000/year)
Machining Testing Lab Technician , $30,000/year(G.Dodge Temp): 
Wwill be responsible for assisting in the daily tasks of the machining and finishing to support the education, research and services needed. ($30,000/year)

There are several gGrants submitted to fund positions for three years to alleviate the initial costs and to allow for the NTUCAM to become sustainable, however, these positions should be provided under Carl Perkins as the lab serves Campus-wide STEM programs. 

Economic Sustainability


Research


Industry Partnerships


Education Support


NTU Center for Advanced Manufacturing



Director (Coordinator)
H.Scott Halliday


Metal Additive Manufacturing Coordinator (TBD)


Metrology Lab Coordinator (Eric Bailey)


CNC Machining and Finishing Coordinator (Shane Tsosie)


Metal Additive Manufacturing Techician(s)


Metrology Lab Technicain


Material Testing Lab Technician


CNC/Machining and finishing Technician


Polymer Additive Manufacturing Technician


Student Intern(s)


Student Intern(s)


Student Intern(s)


Student Intern(s)


Material Lab Coordinator (Adriane Tenequer)


Student Intern(s)


AM Technician
Gregory Dodge
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