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History

Navajo Technical University 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 that offers certificate programs for job preparedness and 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 Northwest New Mexico and Eastern Arizona.  Students that attend NTU come from an Arizona Navajo economic landscape that features a high unemployment rate and a poverty rate near 42%. 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 way of life. 

In 2012, with partial funding from NSF and NASA, Navajo Technical University established a Fabrication Laboratory (Fab Lab) in the Center for Digital Technologies to support STEM education by providing the personnel and equipment for engineering projects, research, fabrication, software modeling services, and hardware and software training and support.  Industry demands that graduates from engineering programs know how to utilize new technologies within the engineering disciplines, along with theoretical mathematics-based courses. NTU’s Fab Lab 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 or 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, and assisting a company, Business Environments, with exploring ways to use data for better efficiency in their workflow. 

Navajo Technical University’s institutional strategic plan includes priorities that leverage the commitment to economic development on the Navajo Nation. Advanced Manufacturing at NTU strives to stay in front of the industry by offering education, research and prototype service for the Navajo students, for the AM industry and for the partners and clients waiting for opportunities to enter more comprehensive solutions to AM needs. This initiative is being driven by revenue generation challenges on the Navajo Nation, due mainly to decline in coal markets which provide ~ 1/5 of NN budget. One of the top priorities of the Navajo Nation administration is to replace these revenues and job losses. 

The fundamental vision of the of the Center for Advanced Manufacturing is to develop a Center of Excellence in advanced manufacturing technology and to provide the Navajo Nation and New Mexico the tools to be a leader in the industry as well as in research and development of Advanced Manufacturing. The four priorities of the plan are: Education Support, Research, Industry Partnerships, and Economic Development.
The Center for Advanced Manufacturing will develop a Navajo workforce, serving the needs of the Center, and also providing sustainable educational programs, research and technology transfer opportunities. Navajo students, both K-12 and college can move through the experiential learning from the Center, while beginning their own work experience both at NTU and with industry partners.
“One of the things NTU has long believed is that by developing strong relationships with private industry, we can create a model for combating generational poverty. This model will bring not only honor on those who partner with us, giving them unique marketing opportunities, but can also help demonstrate how good corporate citizenship can help improve society.

Today we both celebrate and roll up our sleeves to work at developing a new industry on the Navajo Nation, to enhance economic development, workforce expansion, and the opportunity for our Navajo students to become a part of the exploding industry of Advanced Manufacturing.

We offer our Advanced Manufacturing Lab to serve as the hub for education, research, training, apprenticeships, and internships, and look forward to helping coordinate facilities on the Navajo Nation such as testing, metrology, and high volume production.

President Elmer Guy
Welcome Address to Boeing Corporation
 August 2018



Future Growth Opportunities in Advanced Manufacturing
Technological advancements are transforming manufacturing 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 3-D printing, and cheaper energy domestically have cut into the overhead costs of manufacturing and are promoting a renewed look at moving more manufacturing back to the states. Technologies such as 3-D printing allow a software-savvy employee to print a product onsite for a customer in real time, which is also 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. Table 1 summarizes future growth opportunities by area.

Market growth in additive manufacturing ranges from $7 billion to $21.3 billion by 2020. The National Institute of Standards and Technology (NIST) estimates that 30% market saturation will be valued at $617.7 billion and achieved by 2065. 

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 to increase to $903 million by 2021.   
The global metrology services market is anticipated to reach $824.6 million by 2020, according to a new study by Grand View Research, Inc. Increasing demand among end-users in different industries for precise components with low tolerance limits such as power generation, electronics, and automotive is anticipated to drive growth. Also, 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 3-D modeling and measurements.
Non-destructive inspection technologies revenue is expected to increase to $11.39 billion by 2022. 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.

	Table 1: Future Growth Opportunities in Advanced Manufacturing


	Area: 
	Market projection:

	Additive manufacturing
	$7 billion to $21.3 billion by 2020, at a
20% CAGR 

	Rapid prototyping
	$903 million by 2021, at a 26.8% CAGR from 2016 to 2021

	Metrology services market
	$824.6 million by 2020


	Non-destructive inspection technologies
	$11.39 billion by 2022, at a 8.3% CAGR  from 2016 to 2022




The Role of the Strategic Plan

The adoption and implementation of the Center for Advanced Manufacturing Strategic Plan represents Navajo Technical University’s commitment to embracing a proactive and comprehensive planning approach to move toward higher education offerings that create significant and lasting change by increasing access to education and employment for Navajo people. The plan will guide the creation of an additive manufacturing ecosystem – CAD (design and simulation), Machine operation (machine prep, parameter setting, part build, part removal, machine cleaning and maintenance), post-processing (part removal from plate, support material removal, heat treatment, machining, polishing, etc.), part validation (metrology, mechanical properties and characterization).

The Strategic Plan will be used as a framework for determining specific measurable goals. A designated work group will present bi-annual recommendations, with measurable outcomes, for each of the priority areas, to the President of the University as well as Advanced Manufacturing leaders.




2019-2023 Strategic Initiatives

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 and New Mexico the tools to be a leader in the Advanced Manufacturing industry in education, research, industry partners and economic sustainability. 

The mission of the NTU Center for Advanced Manufacturing is to develop a Navajo workforce and to serve 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 college, can benefit from experiential learning, in order to begin their own work experience both at NTU and with industry partners.
 








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. The NTUCAM will provide internship opportunities for students in metrology, materials properties and characterization, additive manufacturing and machining. 

Goals and Objectives

1. Equip the Center with equipment relevant to advanced manufacturing based curriculum		
a. Support Metrology Education (New Building)
i. TEA grant to help equip lab
ii. Other grants to support
iii. Create educational Lab
b. Support Materials Education (New Building)
i. TEA grant to help equip lab
ii. Other grants to support
c. Support Machining Education (Fabrication Lab)
i. TEA grant to help equip lab
ii. Other grants to support
d. Support Additive Manufacturing (Fabrication Lab)
i. TEA grant to help equip lab
ii. Other grants to support
iii. Purchase Metal machine	
2. Create an institutional culture
a.  Engage all faculty, staff and students 
b. Create together culturally responsive education.
3. Map NTU CAM 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

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

1. Lab Personnel
a. Develop Organizational Chart to manage labs (developed)
2. Additive Manufacturing Research
a. Research grants
b. Industry Mentor/student collaboration grant opportunities
i. NSF – Jody Chase
c. Senior students build research portfolios, working with industry mentor
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 NN and other stakeholders in research plan

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 based internships)
3. Apprenticeships
4. Workforce Development


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 LLC arm of NTU to enable revenue generation
a. Tony
2. Build the infrastructure to engage in contracting for services and research
a. Certification
b. Training
3. Create a plan for Services: 
a. metrology/inspection services, 
b. material testing and characterization services, 
c. prototyping using 3D printing polymers and metals
d. Research revenue
e. Metal AM services





APPENDIX A - 


IMPLEMENTATION for NTU CAM
(We can create a chart here to record the steps, budget, leadership that enable each of the objectives)

Priority 1 Education Support

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

	Support Metrology Education

	Establish Educational Lab
	Scott
	$2.5 million
	EDA & NN 
$2.5million
	$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
	$5,000year
	$0.0
	$5,000/year
	None

	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, Casmir, Geraldine
	$5,000year
	$0.0
	$5,000/year
	None

	
	
	
	
	
	

	
	
	
	
	
	

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

	
	
	
	
	
	

	Support Additive Manufacturing Education

	Establish NTU Budget for Polymers
	Scott, Casmir, Geraldine
	$10,000year
	$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 metal AM 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

	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)

	
	
	
	
	

	Adjust curriculum content to reach the goals of NTU

	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



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
	
	Leadership
	Budget
	Secured Funding
	Unmet Need
	Progress

	Research Support - Metrology

	Establish Metrology Lab to support research activities
	Scott
	$2.5 million
	EDA & NN 
$2.5million
	$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
	$5,000year
	$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
	$10,000year
	$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
	$10,000year
	$0.0
	$10,000/year
	None

	
	
	
	
	
	

	Support Additive Manufacturing Education

	Establish NTU Budget for Polymers
	Scott, Casmir, Geraldine
	$10,000year
	$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
	
	Leadership
	Budget
	Secured Funding
	Unmet Need
	Progress

	Develop Industry Partners

	Metrology 

	Scott
	
	15,000/year
	$
	V&M Global


	Materials
	Scott
	$
	
	$
	UNL, University of Utah, Oklahoma

	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
	$10,000year
	$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
	$10,000year
	$0.0
	$10,000/year
	None

	
	
	
	
	
	

	Workforce Development

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

	[bookmark: _GoBack]Management Plan
	
	
	
	
	

	Workforce Development

	Establish NTU Budget for Polymers
	Scott, Casmir, Geraldine
	$10,000year
	$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 arm of NTU to enable revenue generation
a. Tony
5. Build the infrastructure to engage in contracting for services and research
a. Certification
b. Training
6. Create a plan for Services: 
a. metrology/inspection services, 
b. material testing and characterization services, 
c. prototyping 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, 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)
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)


NTU Center for Advanced Manufacturing


Economic Sustainability


Research


Industry Partnerships


Education Support
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