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Abstract 

With the emergence of Additive Manufacturing (AM), engineers now have an entirely new manufacturing process 

to consider when developing a new product or redesigning an existing part. Engineers who are well versed in 

traditional manufacturing techniques will realize that AM is completely different and will need to learn how to design 

for additive manufacturing (DfAM).  

The Design Innovation (DI) team researched scholarly articles to find basic principles about AM and building 3D 

printed objects. The DI team also directly observed a senior design group as they redesigned a satellite bracket. This 

was done to gain further insight and information into the AM process. The team’s redesigned bracket reduced weight, 

part count, and fastener count for the Lockheed Martin GPS III Satellite. The DI team was able to extract design and 

AM principles that relate directly to the additive manufacturing process. These principles were combined with a 

general design methodology from the U.K. Design Council, called the 4D’s, to create a novel design framework to 

help engineers with DfAM.  

The Discover, Define, Develop, and Deliver (4D) process focuses on user centered design work that spurs 

innovative and creative designing. The Discover phase gathers information through direct contact with stakeholders 

and users. The Define phase analyzes the information to find root needs for the project through modeling methods. 

The Develop phase uses creative methods to identify numerous solutions for the project and the Delver phase focuses 

on prototyping the best solution to create a final product for testing and evaluation. The framework serves as a guide 

for the entire design process and contains information disseminated through documents, learning modules, and videos. 

The framework is self-contained and utilizes MindManager software that is easy to follow and navigate. The user was 

able to quickly view and access all the topics and information. The framework was successful at giving an engineer, 

familiar with currently used computer aided design (CAD) software, the means to create designs that can be 

successfully built on a Direct Metal Laser Sintering (DMLS) additive manufacturing machine. The framework was 

especially helpful in offering engineers a methodology that helped them through all phases of the design process. This 

framework can be applied to many different types of projects and offers engineers specific information and guidance 

about designing for additive manufacturing. 

Overview 

An overall design strategy was needed to help guide the group through the process of redesigning the satellite 

bracket. With many design strategies to choose from, Design Council’s 4D methodology was chosen for its worldwide 

use over a broad range of disciplines. They also provide excellent documentation on how to best apply their 

methodology along with feedback from many people who have used the 4D’s [1]. In addition to Design Council’s 

methods, other researchers have contributed numerous methods to assist designers in the 4D process. All of this 

information creates added value to the design process and greatly aids designers including DfAM. 

AM principles and practices were garnered from a two-pronged approach. First, they were researched from 

scholarly papers and articles, which are primarily based on additively manufactured objects from computer aided 

design (CAD) files [2]. Second, there is direct observation and analysis of both the design and printing processes in 

creating the satellite bracket. Using both direct and indirect vantage points allowed for a greater examination of the 

elements needed for DfAM. The AM principles used in the framework are geared more toward the use of a powerful 

DMLS machine, which uses a powder metal (PM) that is melted by a laser to create the bracket. 

To disseminate the acquired information for DfAM, in an easy to understand and user-friendly manner, a tool was 

created. The tool serves as both the guide and access point for the DfAM information and also helps the designer 

navigate through the entire design process from start to finish. MindManager software was used as the platform to 

create the tool because it offers quick accessibility to all of the documentation and instructional information associated 

with DfAM. The software is also amenable to formatting a flow design for the tool and supports a variety of files that 

can be accessed directly.  
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4D Design Method 

The design innovation element of this framework is based on, and adapted from, Design Council’s Double 

Diamond and its subsequent 4 steps approach to design. This model offers design teams a strategy to progress through 

the entire evolution of product development. With millions of references to the Double Diamond on the internet, and 

testimonials from users, this model has had great success since its inception in 2004 [3]. Using various methods 

information is gathered, processed, and applied throughout the entire design process. The methods employed come 

from Design Council and a set of design method cards [2]. 

The four key phases, known as the 4D’s, is a series of focused exploration in particular aspects of the design 

process. Each phase uses convergent or divergent thinking when exploring a project opportunity. Divergent thinking 

looks at a broad view and takes into consideration many different ideas, possibilities, sources, formulations, etc. 

Convergent thinking takes the divergent information and focuses that information into a distinct design, plan, or action 

[3]. 

The starting point in this design method is with the Discover phase. The Discover phase helps designers gain 

understanding and information about a project opportunity. The mindset of the designers during this phase is one of 

empathy which will help foster communication between designers and stakeholders. Empathy leads to being open 

minded and in turn aids designers to think in a divergent manner [2]. Divergent thinking allows for better 

understanding of project opportunities through collaboration with stakeholders [5]. 

The second phase is the Define phase, which converges information from Discover to formulate defining factors 

about the opportunity. The defining factors will allow designers to view the opportunity in a new and creative way. A 

mindfulness mindset will lead the design team into a narrowing focus to get at the heart of what is needed in the project 

opportunity and why. 

The third phase is the Develop phase, which takes the narrowed and focused definitions from the Define phase 

and produces many ideas and potential designs for the project opportunity. Similar to the Discover phase, divergent 

thinking is used to gain many possible solutions. Here, a joyful mindset is needed which allows talking with many 

different people about the ideas and designs. The following action is to select the best possible solutions.  

The fourth phase is the Deliver phase, where testing and evaluating prototypes of different solutions from the 

develop phase is performed. A non-attachment mindset is used to objectively eliminate designs that will not work and 

continue to iterate designs that are acceptable. Collaborating and co-creating with stakeholders is encouraged to find 

potential risks and to gather feedback about the solution [5].  

The 4D process, shown in Fig. 1, with added mindsets for each phase, illustrates convergent and divergent 

thinking. Starting at the left divergent thinking begins with discovery where designers explore a project opportunity 

using many different methods. The Define phase follows, using convergent thinking, to narrow the information and 

interpret what is needed in the design opportunity. This pattern of divergent and convergent thinking is repeated in the 

second diamond where the develop phase creates and entertains all possible solutions and the Deliver phase narrows 

the solutions to a single prototype. 
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Figure 1: Modified version of U.K. Design Council’s Double Diamond (4D) design method [2]. 

AM Principles 

Due to recent advances in 3D printing machines, especially with powder metal DMLS machines, there is limited 

information available about fundamental characteristics of 3D printed parts. With new models of machines coming 

out continually there is difficulty in evaluating what is truly a fundamental principle and what could be a hurdle that 

will eventually be overcome with refinement and advances of the 3D printing machines. Combining advances in the 

machines with continued research into the production of new and superior material for printing, the challenge of 

finding true AM principles is compounded. 

When considering the DMLS process, there are some basic realities that can not be avoided due to the nature of 

the material and the process of turning a powder metal into a solid metal object. For example, a metal base is needed 

for the build to begin and is a fundamental part for the build to proceed. The printed part is metallurgically adhered to 

the build plate and must be removed by some type of mechanical means. This leads to principles based on knowledge 

that separating or cutting metal requires the removal of material and leaves the part in need of surface finish processes. 

Orientation of the part, so that delicate features are not adhered to the build plate, is considered an AM principle [2]. 

Delicate features will be at the mercy of a saw blade, or at the very least some type of material removing machine and 

could be damaged as a result. There are, however, a few other types of 3D printing machines that do not require a base 

plate for a build to be adhered to, and therefore would not be restricted by this AM principle. Those machines do not 

use metal as a material to form the part and would have different applications than the products of DMLS machine. 

This example describes why it is difficult to state, with absolute certainty, that any AM principle is one that is 

ubiquitous throughout all AM processes [2]. 

It is reasonable to expect that AM principles will vary to some degree with different machines and processes but 

knowing that there are principles guiding each process allows for better designing. A design principle, is that AM 

centric, is rapid prototyping, which is typically an expensive and time-consuming aspect of the design process. The 
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ability to quickly and effectively produce a part, for testing and evaluating, yields the opportunity to create multiple 

revisions, or iterations, on the part. This allows a design team to realize potential failure points and offers direction on 

where further design refinement is necessary. 

AM was formerly synonymous with rapid prototyping until recent advances have pushed AM toward a viable 

and profitable means of production [2]. The fact that AM has multiple functions, reveals the importance of 

investigating all AM processes for distinct principles. These principles will help direct instruction on the use of AM 

machines as well as the design work involved with AM. 

Framework 

The design innovation framework, shown in Fig. 2, is a tool designed to guide engineers through each of the 4D 

phases. The purpose of the framework is to have structured steps and guidelines that are needed to understand and 

frame the problem in an approachable way. It provides structure to the entire design innovation process with topics 

and subtopics arranged in sequence. A process mapping software called MindManager was used to create this 

framework. This software allows concepts, projects, processes or plans to be placed within structured and interactive 

visual maps that make information easy to understand, adapt and share. 

 

Figure 2: Design Innovation Framework. 

The framework consists of an overview of the design process, methods, principles and learning modules, 

associated files and links, in a single user-friendly interface. It starts with an introductory video that provides 

background information about the framework and instructions on how to use the software. The structure of the 

framework includes the 4D phases in sequence from left to right as main topics. The information inside the red oval 

bubbles, above each of the 4D phases, are the recommended mindsets that users need to have during that phase. Each 

of the 4D topics include subtopics represented by the tree map below it. The subtopics provide details and guidelines 

on how to execute each of the design phases. The icons, located on the right side of each topic, are links for 

accompanying documents, online resources and learning modules.  
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A framework prototype was operated by members of the group and evaluated based on its ease of use and 

informational quality. Feedback from the members was considered and the framework was enhanced accordingly 

through iterations until a final product was produced. 

Appendix A includes all the documents that can be accessed from the main framework shown in Fig. 2.  

Learning Modules 

Learning modules cover a key subset of the design methods guiding the user on how to execute them. The learning 

modules include an overview of the method, procedures, best practices, tool or demo video and examples.  The four 

learning modules included in the framework are as follows: 

1) Is AM the right tool? 

2) Support Material 

3) 3D Printing Guidelines 

4) Topology Optimization 

The learning module for “Is AM the right tool?” provides information on advantages and disadvantages of AM 

and guides the user on when to choose additive manufacturing instead of traditional methods. It also contains design 

parameters to consider for AM along with example pictures for clarity.  

The “Support Material” learning module (last page shown in Fig. 3) provides details on why support material is 

needed in 3D printing and how the supports are oriented within the build structure. It includes a video with several 

examples of support material structure and the Lockheed Martin Satellite Bracket printing using M290 metal 3D 

printer that shows how support material is layered during the printing process.  

  

Figure 3: Snapshot of Learning Module for Support Material showing the embedded video. 

Similarly, the learning module for 3D Printing Guidelines is a fundamental checklist that aids engineers in 

creating a successful build by avoiding potential failure points which would cause an unsuccessful build. This learning 

module was created from the direct observation in the production of Lockheed Martin Satellite Bracket prototypes. 

The topics within the learning module includes build volume, part removal from the build plate, overhangs and support 

material, part orientation, printing tips for loose powder base fusion machine and build time. 
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Design Innovation Process Mapping 

Apart from the 4D design phases, the framework also includes a design innovation process mapping (DIPM). 

DIPM is a tool that tracks completed activities and projects it to each 4D category, represented by 4 quadrants, creating 

a map that shows iterative nature of the design process. This idea was originally developed at the Singapore University 

of Technology and Design and was labeled “Design Signatures” [6]. The distance from the origin indicates the amount 

of time spent on a particular activity.  Increased distance from the origin represents more time spent on an activity. 

The four quadrants are represented by each of the four phases of the design process. 

Design activities are entered into a excel spreadsheet template which are then linked chronologically, starting at 

the origin, and plotted into 4 quadrants based on which of the 4Ds that method or activity is associated with. The total 

number of hours spent on each quadrant are automated which updates as the user inputs the information regarding the 

activity.  It shows when, and how much time, was spent at the different phases of the design process as well as the 

movements between phases. This provides a visual representation of the entire project which gives meaningful design 

information and insight that can be extracted and used for future design.  

Figure 4 shows the DIPM for Lockheed Martin Satellite Bracket design capstone project. The figure shows that 

this Lockheed Martin Satellite Bracket capstone project had a heavy focus on Discover and Develop phase totaling 

66% of the time spent on the entire project. This is a result of extensive amount of time spent on learning the M290 

metal 3D printer to develop the successful build and the several iterations of topology optimization to reduce the 

weight of the bracket without compromising it’s strength that are needed to meet the specification. The figure also 

shows the activities connected by the curved lines that move from one quadrant to another in a sequence. However, 

the lines showing chronological sequence are not automated in the excel plot but are drawn manually as the project 

progresses to various phases. Moreover, the phases (Ds) and activities in general, are almost always repeated and the 

movement from one phase to another is not entirely sequential. For example, in Fig. 4 there are jumps from Discover 

to Define as well as to Develop phases. It can also be used to shows how a team might need to shift backwards in the 

design process, such as going back to the discovery phase when prototype testing showed an undesired effect. 

 

Figure 4: DIPM – Lockheed Martin Satellite Bracket Design Capstone Project. 
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Conclusion 

The design innovation framework contains all aspects of the design innovation process and integrates a proven 

design methodology, the 4D’s, with fundamentals of AM principles in a user-friendly interface. Guided by the 

Lockheed Martin Satellite Bracket design capstone project, this framework includes several documents, videos, 

pictures, and tools that are useful for designers, researchers and engineers looking to learn and develop skills in design 

process using additive manufacturing techniques.  Assessment of the framework, although somewhat informal, has 

been very positive.  Both faculty and students found the framework to be easy to use and to contain valuable, useful 

information as they endeavor to add AM capabilities to a design innovation process.   

This framework can be further elaborated and simplified using more learning modules. Furthermore, the 

interactive nature of this framework can only be utilized if the software is available for the users. Looking at the future, 

once more learning modules are added to the framework, we would like to research using display monitors with touch 

screens to make the framework more user friendly and easily accessible. 
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PROJECT CONCLUSION AND ACKNOWLEDGEMENTS 

Liz Roshkovskiy 

Throughout the last two semesters, our group, composed of four sub-teams, successfully produced two different 

GPS satellite bracket designs for Lockheed Martin. The final product of our work included the digital bracket designs 

and a detailed evaluation of the software packages used to create them, physical models of each design and resources 

for effective design for additive manufacturing, thorough testing of the properties of the material used, and tools and 

learning modules to assist in the application of design innovation to the additive manufacturing process.  

The collaboration between CU Denver and Lockheed Martin resulted in a unique opportunity for our team of 

students to immerse themselves in a real-world application of the skills they had acquired throughout their academic 

careers. We were able to interact with professional engineers and gain a better understanding of their methods and 

practices. The ability to receive direct feedback from our end-users throughout the duration of the project was 

immensely helpful in allowing us to iterate and improve our work to create two successful bracket systems that met 

all initial criteria.  

We are tremendously thankful to Lockheed Martin for sponsoring our project and providing resources for our 

success, especially Brian Kaplun, Bob Rauscher, and Joe Block, who assisted us in our progress by continuously 

offering feedback and suggestions. We are very grateful to the UCD Mechanical Engineering Department, particularly 

Marty Dunn and Kris Wood for their efforts in facilitating the partnership with Lockheed Martin in order for us to 

have the opportunity to work on such a unique project. We would also like to express our sincere gratitude for our 

faculty mentors and advisor, particularly Chris Yakacki and Dan Jensen, who were critical to our success, as they 

provided guidance and assistance whenever it was needed. Additionally, the campus staff who oversee the mechanical 

engineering hub and the additive manufacturing lab, including Jac Corless, Tom Thuis, and Nick Diamond, were 

extremely helpful in teaching us to properly use any necessary tools and assisting us in our efforts.  
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APPENDICES 

Design Innovation Appendix A 

All documentation contained in this report is for educational purposes only, and not meant for public distribution 

or consumption.  The pictures and music contained in the report and supporting documentation was gathered via 

internet access and is considered available for normal use. 

Framework Introduction 

Introduction to DI Video 

  

Design Innovation Title 

Design Innovation 

Title.docx
 

        

 

 

 

 



9 
 

 

Design Innovation Process 

Design Innovation 

Process.docx
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Discover 

Discover Bubble 

Discover Bubble.docx

    

     

Know the Need 
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Know the Need.pdf

   

 

 

 

 

 

 

 

 

 

 

Learning Module (Is AM the Right Tool) 

 

Learning Module (Is 

AM the right Tool ).docx
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Know the Stakeholder 

Know the 

Stakeholders.docx
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Interview Questions 

Interview 

Questions.docx
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Open Communication 

Open 

Communication.docx
       

 

 

 

 

 

 

 

 

 

 

 

Understand the Full View 

Understand the Full 

View.docx
 

 

 

 

 

 

 

 

 

 

Website links: 

Create Scenarios: https://www.dimodules.com/scenarios 

Journey map: https://www.dimodules.com/scenarioshttps://www.dimodules.com/userjourneymap 

https://www.dimodules.com/scenarios
https://www.dimodules.com/scenarioshttps:/www.dimodules.com/userjourneymap
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Define 

Define Bubble 

Define Bubble.docx

 

 

 

 

 

 

 

 

 

 

 

AM Design Principle 

AM Design 

Principle.docx
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Learning Module (Support Material) 

Learning Module 

(Support Material ).pptx
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House of Quality 

House of 

Quality.docx
 

 

Website links: 

System need and functions: https://www.dimodules.com/systemfunctions 

Hierarchy of purpose: https://www.dimodules.com/hierarchyofpurpose 

https://www.dimodules.com/systemfunctions
https://www.dimodules.com/hierarchyofpurpose
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Develop 

Develop Bubble 

Develop Bubble.docx

 

 

 

 

 

 

 

 

 

Design Innovation Methods 

  

Accelerated Life Testing 

Accelerated Life 

Testing.docx
 

 

 

 

 

 

 

 

 

 

 

Design Innovation 

Methods.pdf
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Deliver 

Deliver Bubble 

Deliver Bubble.docx
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Learning Module (Fundamental Guide) 

Learning Module 

(Fundamental Guide ).pptx
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Learning Module (Software Selection) 

Learning Module 

(Software Selection).pptx
  

 

Software Rating Tool 

Software rating 

tool.xlsx
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Design for Manufacturing 

Design for 

Manufacturing.docx
 

 

 

 

 

 

 

 

 

 

FMEA 

FMEA.docx
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DIPM Spreadsheet 

DI Process Mapping (DIPM) 

DI Process Mapping 

(DIPM).xlsx
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Design Innovation Appendix B 

Additional references for the framework not included in the documents 

Introduction / instruction video 

Audacity software is used for music editing. 

Soundtrack for introduction/instruction video: https://www.youtube.com/watch?v=a9j-

v9EbBBM&list=RDKOqFAHwYETg&index=24    Dream Theater, Lines in the Sand (intro) 

Pictures used in the introduction / instruction video 

Seat belt comparison: https://www.wizcrafter.co.in/about-generative-design-the-benefits-of-the-technology/     

Seat belt bracket (rapid prototyping): https://digitalengineering247.com/article/intrinsim-unveils-inaugural-

generative-design-workflow-assessment-for-autodesk-fusion-360/      

Valve part consolidation: https://additivemanufacturing.com/2018/06/12/wohlers-associates-to-host-design-

for-additive-manufacturing-course-in-the-mountains-of-colorado/      

Light weighting: https://www.metal-am.com/am-steel/     

Audi coolant pipe: https://manufactur3dmag.com/volkswagen-envisions-demand-metal-potential-

automotive-applications/     

Arm cast: http://blog.naver.com/PostView.nhn?blogId=ahdoc&logNo=220482790714     

Star Man: https://www.wattpad.com/story/211545464-their-creator-various-yandere-overwatch-x-creator 

Faucet: https://www.additivemanufacturing.media/blog/post/3d-printed-faucets-illustrate-design-potential     

Micro gears on keyboard: https://www.leolane.com/blog/tessas-weekly-picks-3d-printed-metal-

details/?utm_content=buffer7915e&utm_medium=social&utm_source=pinterest.com&utm_campaign=buff

er      

4th industrial revolution: https://phys.org/news/2016-01-industry-additive.html     

 

Pictures for Documents 

Design Innovation Phase Bubble 

GPS III: https://spacenews.com/lockheed-martin-confident-about-winning-gps-3-competition/    

https://www.designcouncil.org.uk/news-opinion/what-framework-innovation-design-councils-evolved-

double-diamond     

Discover 

https://www.designcouncil.org.uk/news-opinion/design-methods-step-1-discover 

Know the Need 

Diesel piston trad mfg. vs AM piston: https://www.motordetal.ru/en/technology/pistons/  

https://www.metal-am.com/iav-turns-to-metal-additive-manufacturing-for-engine-test-parts/ 

https://www.youtube.com/watch?v=a9j-v9EbBBM&list=RDKOqFAHwYETg&index=24
https://www.youtube.com/watch?v=a9j-v9EbBBM&list=RDKOqFAHwYETg&index=24
https://www.wizcrafter.co.in/about-generative-design-the-benefits-of-the-technology/
https://digitalengineering247.com/article/intrinsim-unveils-inaugural-generative-design-workflow-assessment-for-autodesk-fusion-360/
https://digitalengineering247.com/article/intrinsim-unveils-inaugural-generative-design-workflow-assessment-for-autodesk-fusion-360/
https://additivemanufacturing.com/2018/06/12/wohlers-associates-to-host-design-for-additive-manufacturing-course-in-the-mountains-of-colorado/
https://additivemanufacturing.com/2018/06/12/wohlers-associates-to-host-design-for-additive-manufacturing-course-in-the-mountains-of-colorado/
https://www.metal-am.com/am-steel/
https://manufactur3dmag.com/volkswagen-envisions-demand-metal-potential-automotive-applications/
https://manufactur3dmag.com/volkswagen-envisions-demand-metal-potential-automotive-applications/
http://blog.naver.com/PostView.nhn?blogId=ahdoc&logNo=220482790714
https://www.wattpad.com/story/211545464-their-creator-various-yandere-overwatch-x-creator
https://www.additivemanufacturing.media/blog/post/3d-printed-faucets-illustrate-design-potential
https://www.leolane.com/blog/tessas-weekly-picks-3d-printed-metal-details/?utm_content=buffer7915e&utm_medium=social&utm_source=pinterest.com&utm_campaign=buffer
https://www.leolane.com/blog/tessas-weekly-picks-3d-printed-metal-details/?utm_content=buffer7915e&utm_medium=social&utm_source=pinterest.com&utm_campaign=buffer
https://www.leolane.com/blog/tessas-weekly-picks-3d-printed-metal-details/?utm_content=buffer7915e&utm_medium=social&utm_source=pinterest.com&utm_campaign=buffer
https://phys.org/news/2016-01-industry-additive.html
https://spacenews.com/lockheed-martin-confident-about-winning-gps-3-competition/
https://www.designcouncil.org.uk/news-opinion/what-framework-innovation-design-councils-evolved-double-diamond
https://www.designcouncil.org.uk/news-opinion/what-framework-innovation-design-councils-evolved-double-diamond
https://www.designcouncil.org.uk/news-opinion/design-methods-step-1-discover
https://www.motordetal.ru/en/technology/pistons/
https://www.metal-am.com/iav-turns-to-metal-additive-manufacturing-for-engine-test-parts/
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1940’s piston: https://maritime.org/doc/fleetsub/diesel/chap3.htm   

Is AM the Right Tool? 

https://www.designlaunchers.com/what-is-3d-cad-modeling/ 

Customization: http://www.calglover.com/portfolio/additive-manufacturing-project/    

Highly specialized: https://www.pinterest.com/pin/238690848974312358/     

Spiral staircase long lead time: 

https://www.bing.com/images/search?view=detailV2&id=0F43DF69DDFD7C33D04E172B66B60E49F75

BD2B3&thid=OIP.SwTKLksmNnpG5W1KnsMvsAHaEO&mediaurl=http%3A%2F%2Feverythreeweekly

.com%2Fwp-content%2Fuploads%2F2017%2F03%2Fb2ff2ca7f96fd48bfa05b346ecebfa34-

938x535.jpg&exph=535&expw=938&q=Long+Lead+Time+downward+spiral&selectedindex=19&ajaxhis

t=0&vt=0&eim=0     

Easily machined parts: https://www.pinterest.co.uk/pin/288160076129381104/     

Parts can be made quickly at low cost: https://www.indiamart.com/harsh-steel-ahmedabad/    

Mass produced parts https://z2precision.com/mass-production/     

Solid volume: https://kermatdi.com/i-120-g60-vr6-228mm-steel-single-mass-flywheel-22lbs.html  

Larger than build volume: https://www.unicomechanical.com/large-milling-and-turning.html    

Precision parts: http://aedm.co/Metal_Precision_Parts.html    

What? At top of page: 

https://www.bing.com/shop?q=cnc+milling+machines+pics&qs=n&form=SHOPSB&sp=-

1&pq=cnc+milling+machines+pics&sc=0-25&sk=&cvid=8469A0F8688B4F84B3CD8CA4276F0722    

Know the Stakeholders 

http://aot-eg.com/ 

Open Communication 

https://redshoemovement.com/communication-quotes-famous-funny/ 

https://www.designcouncil.org.uk/news-opinion/double-diamond-15-years  

Understand the Full View 

https://www.thedouglasreview.com/nasa-releases-breathtaking-space-views-of-africa/ 

Support Material Learning Module 

Different types of support material design: 

file:///C:/Users/17202/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/TempState/Do

wnloads/Feature_article_-_Design_for_metal_AM_-_a_beginners_guide%20(1).pdf 

Hexagon shape: https://www.pinterest.com/pin/711920653571461877/   

file:///C:/Users/17202/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/TempState/Do

wnloads/Feature_article_-_Design_for_metal_AM_-_a_beginners_guide%20(1).pdf 

Renishaw pictures 

https://maritime.org/doc/fleetsub/diesel/chap3.htm
https://www.designlaunchers.com/what-is-3d-cad-modeling/
http://www.calglover.com/portfolio/additive-manufacturing-project/
https://www.pinterest.com/pin/238690848974312358/
https://www.bing.com/images/search?view=detailV2&id=0F43DF69DDFD7C33D04E172B66B60E49F75BD2B3&thid=OIP.SwTKLksmNnpG5W1KnsMvsAHaEO&mediaurl=http%3A%2F%2Feverythreeweekly.com%2Fwp-content%2Fuploads%2F2017%2F03%2Fb2ff2ca7f96fd48bfa05b346ecebfa34-938x535.jpg&exph=535&expw=938&q=Long+Lead+Time+downward+spiral&selectedindex=19&ajaxhist=0&vt=0&eim=0
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https://www.materialise.com/en/resources/software/webinar-recording/how-to-use-simulation-and-reduce-

costs-metal-am?utm_source=EventList&utm_campaign=7d1bd56e22-SOFT-AUTO-

MetalPaperRecoaterDatapreptrack-EN-G&utm_medium=email&utm_term=0_d755a55d41-7d1bd56e22-

68026331&ct=t()&goal=0_d755a55d41-7d1bd56e22-68026331 

https://www.youtube.com/watch?v=bq_6DYyZPBQ   - Texas A&M video supports and warping 

Video for Support Material 

Picture #1 https://www.materialise.com/en/resources/software/webinar-recording/how-to-use-simulation-

and-reduce-costs-metal-am?utm_source=EventList&utm_campaign=7d1bd56e22-SOFT-AUTO-

MetalPaperRecoaterDatapreptrack-EN-G&utm_medium=email&utm_term=0_d755a55d41-7d1bd56e22-

68026331&ct=t()&goal=0_d755a55d41-7d1bd56e22-68026331     - Renishaw’s support diagram  

Picture #2 http://additivemanufacturing.com/2013/04/13/eos-dmls-economic-precise-and-digital-additive-

manufacturing-am-of-removable-partial-dentures-rpd/ 

Pictures #3 https://additivemanufacturing.com/2015/07/02/concept-laser-in-situ-quality-assurance-with-

qmmeltpool-3d-coaxial-inspection-with-qmmeltpool-3d/     

Picture #4  https://www.materialise.com/en/cases/volum-e-Reduces-Metal-Support-Removal-e-Stage 

Develop Bubble 

https://www.iconfinder.com/icons/2309354/brainstorm_collaboration_discussion_generation_group_idea_i

con   

https://www.designcouncil.org.uk/news-opinion/design-methods-step-3-develop 

Deliver 

Picture at top of document: https://www.ifm.eng.cam.ac.uk/insights/design-for-transformation/using-

additive-manufacturing-beyond-prototypes/    

Fundamental Guide Learning Module 

file:///C:/Users/17202/AppData/Local/Packages/Microsoft.MicrosoftEdge_8wekyb3d8bbwe/TempState/Do

wnloads/KBlakePerezThesisSubmissionFINAL%20(1).pdf 

https://www.youtube.com/watch?v=DgFQgTPENSM&t=134s       
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