Accelerating the Use of Digital Thread Toolset for Additive Manufacturing and Value Chain Processes for DoD Maintenance and Sustainment
1. [bookmark: _GoBack]Executive Summary
1.1 Introduction
The National Center for Manufacturing Sciences (NCMS) has 29 years’ experience operating multiple industry-government partnerships in the development and transitioning of advanced manufacturing technologies.  Since 1991, NCMS has led an industry/DoD team in additive manufacturing (AM) technologies, initially with the AF ManTech program, and since 1998 as part of OSD’s Maintenance Policy & Programs Commercial Technologies for Maintenance Activities (CTMA) Program.  All existing business competencies and technical capabilities developed during the previous 25 years of the public-private partnership and collaboration between the DoD and NCMS to transition advanced technologies including AM into use within commercial industry, DoD, DOE, NASA and technology providers will be brought forward into this effort to most efficiently accelerate the development, integration, evaluation, and deployment of efficient/rapid/flexible AM technologies for public and private manufacturing and repair applications.
 Some of the major concerns of Naval Air Systems Command (NAVAIR) Fleet Readiness Centers at North Island (FRCSW) associated with adopting AM are the establishment of regulatory oversight, manufacturing standards and material validation, and testing standards. Even in today’s subtractive manufacturing environments, a strict approval process must be adhered to, ensuring flight worthiness and regulatory compliance.  This is especially true when manufacturing ‘flight critical’ parts.  In today’s depot environments this is a tedious and cumbersome process, the process with limited visibility to where the approval is within the process. As FRCSW looks to the future and the benefits of AM, the approval and adoption process will need to be structured to ensure accuracy and efficiency.  Without this, the benefits will be missed or mired down in paperwork. Also, one of the biggest issues with the Engineering environment at the FRCs depot environments is that the configuration control of engineering data is kept manually and is not directly and electronically accessible by production.  
NCMS is leading a team consisting of Siemens PL. Siemens Corporation Corporate Technology (SCCT), and FRCSW to propose and validate a solution that not only addresses these issues but also support FRCs mission in repair and maintenance process using AM. The specific technical focus areas encompassed within this AM Project Call response are AM Process and AM Value Chain.  Some important outcomes of the proposed work will be - streamlined automatic configuration management process, complete visibility of approval process, reduced downtime, improved mission readiness, increased adoption of AM methods for repair, reduced sensor requirements, and improved accurate controls for AM process.  These benefits will be relevant to both FRCs and the members of America Makes.

1.2 Goals and Objectives
The objective of this proposal is to accelerate the usage of a Digital Thread Toolset driving process performance improvements and to provide tools and practices to minimize multiple designs, prototypes and test iterations typically required for product or process qualification, all connected via the ‘digital thread’ to enable collaboration between designer, analyst, manufacturer, and maintainer. This solution will be integrated with the modeling and simulation tools developed ad hoc to allow faster time to market, higher quality of manufactured products and efficient production of complex systems. Specifically, a software tool for virtual investigation of AM based strategies for repair of mechanical parts will be implemented and an approach based on uncertainty quantification techniques will be developed for identification and optimization of critical process parameters to be monitored during the AM process.  The developed integrated horizontal and vertical solution will be validated and demonstrated at the FRCSW facility.
In order to achieve the end-to-end value chain integration that supports the use of AAM, a combined horizontal and vertical solution is proposed.  At the solutions foundation is the ability to provide an information management environment that ensures tracking and traceability of the engineering, analysis and manufacturing processes.   This represents the horizontal solution, providing configuration control of the end item and process that extends from design through to end-of-life.  Configuration control of the data is managed and driven by a business process workflow that provides for a revision of the data based on variables; such as effectivity, date, etc.  The important element is to ensure the ability to view the data in its original form and revised form for accountability and traceability.  
The 3D design data, manufacturing techniques, process documentation, and any other meta-data must be managed to ensure controlled access based on role and need.  And most importantly, as changes occur, who do those changes effect, how is that notification sent and what is the managing process to ensure accurate configuration control?  These are the baseline expectations of the product lifecycle management (PLM) solution that is the horizontal foundation for the Digital Thread.
Once the data is structured and managed, the benefits of the horizontal solution will be realized and the extension into the vertical solutions will be achieved.  
The vertical solutions which extend out from the horizontal provide the ability to create ad hoc designs for AM to perform analysis, including product quality prediction, manufacturing uncertainty quantifications and CAE/CAM-driven topology and process optimization, for both newly created parts and repair of existing ones.
The FRCs are already realizing the benefits of the horizontal solution in conjunction with recent prove-out projects.  To best support their need for reverse engineering and manufacturing of parts, the FRC’s took their existing business process and built it into the Teamcenter PLM solution.  This provided immediate and clear traceability and data management improvements.  The common thread of data has improved both local and cross FRC communication and is now leading to the extension into vertical solutions specific to their business needs.
It is important to understand that once the horizontal solution is in place, the vertical solutions are potentially endless.  Though we are focused on AM capabilities and the value chain analysis, this could also expand to include other areas of manufacturing, engineering and internal/external data communications.
This encompasses agile and robust manufacturing strategies & integrated capabilities that dramatically reduce the cost and time of producing complex systems and parts. Increased readiness and availability of DoD weapons systems, accelerated depot turn- around times, and cost savings over the inefficient and costly remanufacturing methods in use today. 


2.0 Problem Statement and America Makes Relevance
2.1 Manufacturing Industry Needs and Challenges
U.S. manufacturing requires speed to market to gain an advantage in global competitiveness. The “digital thread” that integrates and drives modern design, manufacturing and product support processes can be exploited to reduce cycle time and achieve first pass success, and is the only feasible way to deal with constantly increasing complexity in products and manufacturing enterprises. A key to success is networked, PLM data-driven processes that combine innovative automation, sensing and control with a transformed manufacturing workforce at every level – from the shop floor to the factory control level to the global supply chain.  Achievement of these “digital thread” objectives requires a coordinated approach involving industrial end-users, the DoD organic manufacturing and repair community, equipment and material suppliers, data management companies, and university/industry/government research centers. NCMS’ Rapid Manufacturing & Repair (RM&R) Program’s existing AM assets, capabilities and resources, which offers immediate implementation, accesses extensive AM capabilities, and a demonstrated history of successful technology transfer with nationwide outreach.  
A recent survey found top operational challenge in industries as – lack of collaboration across different departments (48%); disparate systems and data sources (39%); ROI justifications for improvement investments (39%); and lack of timely visibility into manufacturing performance metrics (38%)[footnoteRef:2]. These issues results from lack of a digital thread, or data connectivity, which helps companies see the holistic view of the operation and tie processes and people together end-to-end with one continuous flow of data. The digital thread solution proposed here will facilitate seamless bi-directional data flow to enable collaboration, continuous improvement, improved decision making and tighter controls on quality and traceability. Using this digital thread strategy, manufacturers will be better able to connect with customers and drive customer requirements through to engineering and manufacturing in a closed-loop fashion.   [2:  http://blog.lnsresearch.com/blog/bid/203158/Understanding-the-Digital-Thread-in-Aerospace-Defense-INFOGRAPHIC] 

Another big issue with the Engineering environment is that the configuration control of engineering data is kept manually and is not directly and electronically accessible by production or other PL stages. This environment requires much of the data to be transferred and maintained manually, further complicating configuration management.  This environment results in manufacturing discrepancies that create unnecessary expenses in attempting to repair non-conforming parts or in causing the re-fabrication of parts that cannot be utilized. The configuration control is a big issue in DoD organizations, such as, FRC environments.  This issue also negatively affects depot delivery schedules ultimately resulting in excessive NAVY aircraft maintenance costs and reduced readiness.
Additionally, without clear information, manufacturing and service processes become less efficient and many times lead to errors due to poor configuration data resulting in millions of dollars of scrapped parts for the DoD. It is not uncommon that working with information provided by the original equipment manufacturers (OEMs) results in ineffective processes based on outdated data or disjointed process flow. But the problem is that industry has evolved from 2D drawings to 3D Model Based Definition (MBD) many years ago and the DoD is far behind in adapting to the latest technology and taking advantage of the information that is available. NAVAIR is currently challenged in maintaining assets that have various types of supporting data to manage. There are programs like the P3Orion  that are only provided paper engineering drawings, whereas the Joint Strike Fighter is developed in 3D solid models. Then there are programs like the F-18 that receives a mix of paper, 2D drawings, and 3D solid models. Historically, the data from the OEM was often provided to NAVAIR piece-meal and then stored in unmanaged local directories. Then there was a significant non-value added effort to then later find the proper data to support engineering.
The adoption of configuration management (CM) with a strong Product Lifecycle Management (PLM) backbone can increase the collaboration among DoD locations and their suppliers resulting in a more streamlined process across the service lifecycle. This paradigm shift will greatly reduce the number and cost of errors which ultimately improves the support for Fleet Readiness.
	Table 1 presents average costs (taking into account all instances across the complexity spectrum of part type, commodity, and environment) and confidence intervals for each resolution type. Confidence intervals are rounded to nearest $100 for simplicity. Values in the left and right confidence bounds indicate a 95 percent certainty that the true average cost lies within the interval. 
Table 8. DMSMS Resolution Average Costs and Confidence Intervals 


	Solution 
	95% confidence (left limit) 
	Average cost (mean) 
	95% confidence (right limit) 

	Approved parts 
	$900 
	$1,028 
	$1,100 

	Life-of-need buy 
	$4,600 
	$5,234 
	$5,900 

	Simple substitute 
	$11,900 
	$12,579 
	$13,200 

	Complex substitute 
	$14,800 
	$25,410 
	$36,000 

	Extension of production or support 
	$14,000 
	$25,472 
	$36,900 

	Repair, refurbishment, or reclamation 
	$21,300 
	$65,015 
	$108,700 

	Development of a new item or source 
	$437,600 
	$655,411 
	$873,200 

	Redesign–NHA 
	$900,300 
	$1,092,856 
	$1,285,400 

	Redesign–complex/system replacement 
	$7,142,100 
	$10,287,964 
	$13,433,800


Table 1
2.1 Opportunities for Improvement
The identified issues on the information management and data exchange between different stages of the PLM can have direct impact on the quality of the manufactured products. In fact, the lack of an efficient infrastructure for tracking the lifecycle of a product throughout the value chain and for aggregating relevant data from different stages would prevent smart and efficient solutions from being developed, which could lead to sustainable improved product quality.
One example of these opportunities is the technology development to enable and improve the quality of repair of damaged mechanical parts. Any mechanical part subject to repeated mechanical stress, typically undergo degradation during the operation. Depending on the usage of the component, different solution options can arise, such as its replacement with a new or refurbished part, its repair with conventional manufacturing, its repair using AM (using multiple materials and techniques). The repair options are certainly less invasive and expensive. However they require: a) an interplay of data and information between the operation stage (to obtain the extent of the damage, and the typical mechanical loads the repaired part should withstand); b) prior knowledge or prediction on the quality of the repaired part versus a replaced one. Both these needs will be addressed by the proposed solution and the technological advancement.
Similarly, without a joint analysis of in-process data from the manufacturing, design information from the concept phase and knowledge on the manufacturing process, ensuring a given quality of the manufactured part becomes an expensive and lengthy procedure, composed of multiple trial and error attempts. On the other hand, a higher quality standard, with less overhead, can be achieved exploiting the one-directional, or bi-directional interaction between the PLM stages. As an example, in the first case, information on the quality of the manufactured part is utilized to modify the design or the manufacturing plan, if the quality standards are not met. With the second case, the knowledge of the process and of the target design can be used, to inform the shop-floor about critical parameters to be monitored, in a feed-forward approach, while data from the shop-floor is fed back to the analysis stage for model refinement. The approach here proposed will facilitate these interactions and enable the development of a smart and efficient strategy for quality assurance of additive manufactured parts.
2.2 Project Deliverables
The following are the deliverables expected from implementation of the proposed project:
1. Horizontal solution - a ‘digital thread’ platform, based on Siemens’ Teamcenter, to enable collaboration between designer, analyst, manufacturer, and maintainer, including configuration, data models for different lifecycle stages, and data exchange clients
2. Vertical solution 1: a validated software tool in prototype quality for virtual investigation of AM based strategies for repair of mechanical parts. 
3. Vertical solution 2: a validated software tool in prototype quality for identification of the critical process parameters to be monitored and controlled during the AM process, utilizing uncertainty quantification techniques.
4. A software platform that integrates the horizontal and both vertical solutions.
5. Demonstration and validation of the developed integrated platform and technologies at FRCSW facility. 
6. A technology transition plan for the developed technologies to FRCSW.
7. Workforce training of FRCSW personnel for developed technologies.

2.3 Benefits To America Makes Members
The proposal addresses the need for improving the end-to-end value chain cost and time to integrate AM configuration managed data within a PLM system. The proposed solution, shown in Figure 1, would be of particular benefit to DoD institutions for scenarios where data is currently maintained manually, generating manufacturing discrepancies that create unnecessary expenses for repair of re-fabrication of manufactured parts. The project team will develop and provide an enterprise level horizontal solution as well as vertical solutions for full range of product development and manufacturing process. The proposed digital thread will have the capability to support “mixed-manufacturing” instances. .  Mixed manufacturing takes into account the additive manufacturing with a level of subtractive or traditional manufacturing.  For instance a part that has completed the AM process may need to be welded to another part, or finishing techniques may be required to ensure a viable approved part.  This support, developed through this project, will be beneficial to America Makes members. The project team will also conduct a workshop to educate the AM members to exercise the developed software prototype. The focus of this workshop is on the usage of the software tool. At the workshop, the participants will be able to use the developed technologies, and identify the value this integrated solution will provide to their business.

3.0 Overview
This aim of the enterprise level horizontal solution, shown in Figure 1, is to provide a seamless digital integration of different stages of the product lifecycle, to drastically increase the efficiency in data exchange and utilization and increase productivity. This solution will be driven by Teamcenter which provides the digital backbone for managing all the stages of a product’s lifecycle. This digital backbone will provide configuration management and will interface with AM specific tools for product design, process and product usage simulation and optimization, integrated with the existing Siemens NX CAD, CAE and CAM software suite. Through configuration management, the Teamcenter driven Digital Thread solution will ensure that the right part is being manufactured and has been validated and analyzed prior to any material actually being consumed. This integrated management environment will lead to lower costs, improve quality, and increase design productivity.
By taking a horizontal and vertical approach to implementing a Digital Thread Toolset to support Additive Manufacturing (AM), Teamcenter brings together a company's product, process, manufacturing and service knowledge in a single, comprehensive PLM environment to support collaboration. 
The horizontal solution element of Teamcenter helps capture and deploy experience and best practices. Customers can realize rapid return on their PLM investment by quickly deploying Teamcenter's tailored domain and industry-specific solutions. Teamcenter delivers all relevant product information to decision-makers throughout the product lifecycle to better synchronize efforts, increase productivity and achieve greater innovation.  
Additionally, by allowing you to manage previously designed, validated and approved product and tool definition data, the Teamcenter classification and re-use capabilities expedite product development, reduce its cost and build design intent and lessons learned into your product initiatives. Most new product offerings – and all continuous improvement programs – include numerous design elements that have already been used in earlier products. Typically, these re-usable elements constitute up to 85 percent of the new offering’s design content. Teamcenter enables manufacturing engineers to re-use existing tools instead of creating new tooling every time. Create digital libraries comprised of previously created design definition data Teamcenter lets you manage a wide variety of product definition data in a digital library including information about your design elements (components, subassemblies, assemblies), documents, manufacturing tools (machine tools, cutting tools, gages, robots, welding guns), manufacturing templates, work instructions, company policies, process definitions, standardized forms and industry/government regulations.
An example of the horizontal solution is the integrated Fleet Readiness Center (FRC) 3MS process.  By defining a managed business process within Teamcenter, the FRC’s were able to realize a fully electronic configuration controlled data management solution that supported the reverse engineering process in helping to improve communication and collaboration between engineering and manufacturing.
The vertical solutions will be based on Siemens NX software, which will be used to develop ad hoc designs for AM and will serve as entry point for CAE based analysis, including product quality prediction, manufacturing uncertainty quantification and CAE/CAM-driven topology and process optimization, for both newly created parts and repair of existing ones. These vertical solutions will enable the validation of the manufacturing process prior to actually producing the part, in a robust and integrated analysis tool. 


Figure 1 Proposed Approach

Using a combination of the horizontal and vertical solutions provided by Siemens, full associativity between the design geometry and the analysis environment can be achieved. The vertical solutions will have a direct link with enterprise level solution (Teamcenter), which will facilitate the data and any associated code required during various activities of product development, analysis, optimization, and manufacturing processes. In the proposed work, following capabilities will be developed and demonstrated: 
· Horizontal Solution: a ‘digital thread’ to enable collaboration between designer, analyst, manufacturer, and maintainer. This solution will provide configuration management and will facilitate integration with modeling and simulation tools to allow faster time to market and efficient production of complex systems.
· Vertical Solution 1: a software tool for virtual investigation of AM based strategies for repair of mechanical parts 
· Vertical Solution 2: an approach based on uncertainty quantification techniques for identification of critical process parameters to be monitored and controlled during the AM process.
A key benefit of the proposed approach is the workflow drivers that track and trace every step of the process from design to manufacturing.  This provides the means to manage data in a secure and controlled environment; which will assist in helping to meet applicable government regulatory requirements for process accuracy / accountability, detailed traceability and auditing. Additionally, as equipment and techniques are analyzed, tested and approved, having a single source environment to store this information and equipment will be necessary to support efficient usage of the technology of additive manufacturing.  The developed integrated horizontal and vertical solution will be validated and demonstrated at the FRCSW facility.

3.1 Horizontal Solution – Digital Thread
The proposed digital thread will seamlessly integrate information through the AM value chain, so from design, through engineering, supply chain, production, quality, delivery, service, and so on. All these functions will be able to share contextualized information in a bi-directional flow of digital information. The goal is to achieve complete traceability throughout the AM value chain.

Motivation: 
While the state of additive manufacturing as an alternative for traditional subtractive manufacturing is not necessarily in its infancy, recent and continued advances in technology and materials are rapidly bringing this technology to the forefront of industries such as shipbuilding and aerospace. Much like traditional manufacturing, the management of the information required to produce parts through additive manufacturing techniques becomes key. The process from the standpoint of design through manufacturing today is largely uncontrolled. Even in environments where organizations have implemented a PLM solution, in the case of additive manufacturing, most data designed in CAD tools is exported in a format that can be utilized by the downstream systems for 3D printing. A different machine using data in an unmanaged environment from a different software tool can yield different results. This can create problems, especially in a production environment that could cause unmanaged duplication, digital rights concerns, uncontrolled machine code files, and potentially having little controlled influence on the AM process itself. See Figure 2.
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Figure 2 Current Additive Manufacturing Lifecycle Process

Our vision for utilization of a Teamcenter based digital thread in managing the challenges associated with the additive manufacturing process is shown below in Figure 3.
[image: ]
Figure 3  Proposed Digital Thread based Additive Manufacturing Process
As part of this process, Siemens NX CAD software is used to not only design the part but is also utilized for CAE and topology optimization, the setup of the printing machine as well as the simulation of the manufacturing process to validate the manufacturing process prior to actually producing the part. Siemens provides robust integrated analysis tools to test and verify the geometric solutions created as part of the design process. Using these tools from Siemens, full associativity between the design geometry and the analysis environment can be achieved. 
Benefits:
The proposed digital thread is the creation and use of cross domain, common digital surrogates of various stages of a product’s lifecycle to allow dynamic, contemporaneous assessment of the product’s current and future capabilities to inform decisions in the capability planning and analysis, preliminary design, detailed design, manufacturing, testing, training, and sustainment phases. 
This digital surrogate results from the generation, management, and application of data, models, and information from authoritative sources across the product’s life cycle. Siemens Teamcenter facilitates such a digital thread and provides the management backbone for this entire process. Through configuration management, Teamcenter based digital thread solution will ensure that the right part is being manufactured and has been validated and analyzed prior to any material actually being consumed. This digital thread manages and keeps associated all of the data involved in the process including industry standard 3D printing formats, analysis data and quality data such as scanned models of the actual printed part. Through the use of NX, these scanned models can be overlaid against the original design model and used to inspect for any differences or discrepancies between the two thereby ensuring that the printed model meets the original design intent.
Through a direct link between Teamcenter and Siemens Shop Floor Connect the data and any associated code required to produce parts through additive manufacturing can be directly downloaded to the machines on the production floor. Unlike traditional direct numerical control (DNC) systems, Teamcenter eliminates the need for an independent shop floor database; its data remains within a controlled environment until it is sent to the machine tool. Shop floor users can see the source data while it remains inside the Teamcenter managed digital thread. Data files, needed for production, can be pulled directly to the point of use in a controller or presetter.
This closed-loop system provides for an intelligent, adaptive environment that is ideally suited for depot-level maintenance with full lifecycle support for the Navy’s fleet of both aircraft and ships. The proposed digital thread will maintain usage logs and will generate audit reports, making it easy to understand where and when data is accessed, downloaded or updated and by whom. 
One of the concerns of DoD organizations, like NAVAIR, associated with adopting additive manufacturing is the establishment of regulatory oversight, manufacturing standards and material validation and testing standards.  Even in today’s subtractive manufacturing environments, a strict approval process must be adhered to, ensuring flight worthiness and regulatory compliance.  This is especially true when manufacturing ‘flight critical’ parts.  In today’s depot environments this is a tedious and cumbersome process the process with limited visibility to where the approval is within the process.  As these DoD organizations looks to the future and the benefits of additive manufacturing, the approval and adoption process will need to be structured to ensure accuracy and efficiency.  Without this, the benefits will be missed or mired down in paperwork. A key benefit to PLM, and specifically Teamcenter based solution, is the workflow drivers that track and trace every step of the process from design to manufacturing.  This provides the means to manage data in AA secure and controlled environment; which will assist in helping to meet applicable government regulatory requirements for process accuracy / accountability, detailed traceability and auditing.
Additionally, as equipment and techniques are analyzed, tested and approved, having a single source environment to store this information and equipment will be necessary to support efficient usage of the technology of additive manufacturing.  As an example, the proposed digital thread will provide a structured library environment to store and manage resource information such as tools, machines equipment, etc. Therefore, if a part is selected to be manufactured, the applicable resource is associated with the applicable manufacturing code (STL code in the case of additive manufacturing). The Teamcenter solution provides a true closed-loop environment from requirements of design, design, engineering, manufacturing through to sustainment.
Previous Work:
The project approach will be to build on the substantial work accomplished through the earlier NCMS projects.  Through a joint project with the NCMS, the FRCs and Siemens, an effort was made to manage a manufacturing validation process electronically while also managing all of the associated data as part of the process. Through the use of Teamcenter, an FRCSW process, known as the Manufacturing Model Management system (3MS) was modeled in the Teamcenter tool. This process incorporated various disciplines within FRCSW to ensure parts that were being manufactured were validated to not only meet the OEM drawing and engineering requirements but also meet the form and fit of the parts being replaced on existing aircraft. Through the electronic management of the process, all stake holders and decision makers have access to the configuration managed data that is required to make informed decisions. As the process completes, manufacturing is provided all of the electronic data required to machine the parts at any one of the FRC locations. This collaboration allows for each depot to make the best use of their expertise and resources, ultimately streamlining the sustainment process and improving fleet readiness.
The steps in developing the end-to-end digital thread will involve configuration of Teamcenter, development of different data models for different lifecycle stages, and development of various data exchange clients. 
First, requirements elicitation will be done through interaction with FRCSW personnel for a given product, which needs to be manufactured or repaired through the AM process. Based on the data exchange needed by the two considered verticals a configuration mask will be developed to expose automatically the entry/exit points needed.
Based on this requirement engineering, the next major step would be to develop data models, in Teamcenter, for all the stages of the product lifecycle. Templates will be developed to store the information that needs to be stored for visibility across the product life cycle and for data exchange for the virtual solutions. Bill of material (BOM) modeling will be then performed, where various functions of the product will be first identified and then the functional requirements will be linked to these functions. From these functions, logical model of product operation and performance will be developed and simulated in order to perform preliminary test of product design before going into CAD/CAM based detail design of product. Thereafter, the data models for manufacturing stage will be extended in order to link the vertical solution 1 with the digital thread. Mapping of logical items as well as mapping of abstract physics items (CAD/CAM) etc. will be performed. Thereafter the repair package (with all the data) will be sent for manufacturing. Next step will be to extend the existing product manufacturing data model with maintenance, service, and operation data. The relevant data, collected during operations stage, will then be uploaded in the Teamcenter.
Various custom Teamcenter clients for data exchange will be developed between Teamcenter and the software tools designed for vertical solutions, such that bi-directional data flow is possible during the various stages of the AM based repair and manufacturing process, as required.
Illustration of Proposed Digital Thread:
Due to multiple data constraints and formats provided from NAVAIR’s Original Equipment Manufacturers, (OEM’s), it has become increasingly challenging for the Fleet Readiness Centers, (FRC’s) to effectively manage the data required to maintain and service the aircraft that they are responsible for. The expanded use of 3D models in the engineering and manufacturing domains has created additional obstacles that make effectively maintaining the configurations and history of these aircraft increasingly difficult.  Without the correct technology in-place to manage multiple formats and revisions to the base-line configuration they have available to them, validating flight critical parts and equipment has been very time consuming effecting aircraft readiness.
To address this situation, representatives at Fleet Readiness Center South West, (FRC-SW) set out to utilize Product Lifecycle Management software to embed their 3D model validation process that would intuitively walk stake holders all the way through a controlled/electronic process that ensured a validated part for manufacturing at its completion.  This process developed by FRC-SW is called the Manufacturing Model Management System (3MS) process.
After looking at various technologies available, FRC-SW worked with National Center for Manufacturing Sciences, (NCMS) to assemble an Industry and DoD team to address their need. 
One significant step towards reaching these goals on the F/A-18 program is the recent introduction of the 3MS process, as shown in Figure 1.  Prior to the introduction of 3MS, structural parts were modeled from existing OEM drawings and then manufactured.  The resulting parts had significant fit-up problems sometimes requiring many hours of rework and frequently resulting in the part being scrapped.  The 3MS process adds additional steps to the process to verify the newly modeled part against a 3D point cloud, taken from the original aircraft part, to identify any variations. 
If variations are identified, Engineering adjudicates the differences to define the OEM’s design intent.  The verified model is then used to develop the manufacturing data needed to manufacture the parts.  Although the 3MS process virtually eliminated the fit-up problems previously experienced, other problems still existed, that had an adverse impact the ultimate goal of obtaining fleet readiness.  
The advantages of the proposed digital thread are explained here through an example. Figure 4 shows a Gun Mount Diffuser inserts on the F/A-18 E/F aircraft, which were failing due to an issue with the material being used to manufacture the parts resulting in accelerated corrosion. Part of the solution can be to redesign the part to be manufactured using AM techniques.
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Figure 4 F/A-18 E/F Gun Mount Diffuser
Assume that these parts needed to be engineered and analyzed at center A and manufactured at center B, within a DoD organization. If these centers are working in disconnected and non-managed environments then it can exacerbate the problems leading to increased maintenance costs and reduced fleet readiness. The DoD organization can utilize the proposed Teamcenter based digital thread and the 3MS process (described above) and can quickly create the necessary engineering and analysis data and provide the information needed for manufacturing. Center A can initiate the 3MS process by requesting a certified 3D model using their PLM environment facilitated by the proposed digital thread. This will route the specific information of the part that needed to be manufactured. Center B will then receive the request and will retrieve the necessary design drawings, which will then be sent off to that Center’s engineering division to develop the 3D model. Engineering division at center B will then take ownership of the task and will begin to use Siemens PLM’s NX CAD tool to create the 3D model from the 2D drawing that was received. Center B will then follow the 3MS process to re-design the model in NX and analyze the Gun Mount Diffuser insert. Part of this meticulous process will be to include the Reverse Engineering Lab who will scan and analyze the physical part.
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Figure 5: Gun Mount Diffuser Model in NX CAD and FEA Analysis performed by Center B
The 3D models for manufacturing will be validated and notifications will be sent to center A that the data was ready for them to start their work. Center A will then retrieve the solid model and generate the tool paths with NX CAM and simulated the cutting tool and material removal. Afterwards, the numerical control (NC) program will also be stored in the Teamcenter based digital thread as part of the configuration management for the Gun Mount Diffuser insert. This program can be post-processed later to be reused on different NC centers, thus removing the need to re-program the part when manufactured on a different machine or at a different location.
The Teamcenter based digital thread solution to automate and configuration manage this 3MS process will provide a consolidated and secure environment for all the associated data required for manufacturing. Everything from the OEM revision drawing, the associated 3D Model and 2D drawing, the FEA analysis scan and reports, and even the manufacturing files required (STEP, JT, STL) will all be configuration managed. Once the data will be made available to Manufacturing, the Computer Aided Manufacturing (CAM) programs will also be stored in Teamcenter. All of this data can then be shared within the entire DoD organization framework with the confidence that the information has been validated. Another benefit associated with the adoption of Teamcenter based digital thread and 3MS is the automated business process flow which will increase the communication among the different departments and divisions in a DoD organization. The management of the validation process will provide not only the associated data relative to the task, but will also provide the understanding of whom and what is impacted by the changes. And most importantly, the proposed digital thread environment will also enforce accountability to the verification process.
This project will illustrate that the configuration managed data within a PLM system can increase collaboration with external suppliers while forging a better relationship with industry. With supplier collaboration, the external user will be able to access/retrieve (depending on connection) data from the system, update or change the data package, and then update the PLM system with the latest information. Aside from managing all the engineering, manufacturing and process data to produce the asset, Teamcenter based digital thread will also manage the as-built and as-delivered configuration of the DoD asset along with the as-maintained structure that is critical for lifecycle sustainment.  The PLM solution will become the single source of Bill of Material (BOM) information and deliver the tools to analyze that information to ensure accuracy and completeness for all stakeholders.
By utilizing the proposed digital thread for service lifecycle, each serialized physical component or system can be tracked to the design requirement, the service activity history and even the origin of the manufactured part. 
3.2 Vertical Solution 1 – AM based Repair
[image: C:\Users\ryandian\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\3573YNV0\V1_circles.png]The first proposed vertical solution addresses the need for an inexpensive solution to evaluate repair options of a mechanical part before performing the actual repair. This can be potentially applied to any part whose 3D shape and volume differs from the original planned configuration, resulting in a missing portion of it. This situation can arise during the manufacturing stage, in case of a faulty behavior of the (conventional or additive) manufacturing machine, or during the operation stage, if the part is subjected to extreme and/or repeated mechanical or thermal loads and undergoes a degradation process. In the narrative, we will refer to this second situation, but the approach is generic with respect to the application. An example of such parts is a Gun Mount Diffuser inserts on the F/A-18 E/F aircraft, which may experience degradation such as wear, nicks, dents, and corrosion. In this project, the focus will be on AM based repair, however some of the technology components could be re-utilized to extend the proposed work to a broader range of possible repair approaches. 
The goal of this part of the project is to develop a software tool, based on Siemens NX, which is able to guide the choice between part replacement and different repair plans, based on the predicted mechanical behavior. This software tool can be also utilized to compare the simulated mechanical performances of the repaired part with benchmark data on the mechanical performance of a replacement part, to assess the opportunity of pursuing the repair route rather than the replacement ones, based on costs and performance. Such benchmark data can come from experimental testing of an available equivalent undamaged part or can be simulated using NX Nastran software, knowing the material properties of the part, its CAD design and the loading conditions.
The software components and their description are provided here below. Each of them will be achieved through a combination of existing Siemens NX software and new routines implemented using NXOpen Application Program Interface.
1. Analyze CAD data of the original part and the digitized shape of the damaged part (obtained through 3D scanning techniques) and identify the digital shape (“complement shape”) to be manufactured to complement the damaged shape and restore the original part design. This software component will gather information from the operation stage (the 3D scan of the damaged part) and from the design phase (the CAD design of the undamaged part), utilizing the horizontal integration solution explained above. This information will be used to evaluate the surface of the cut using geometrical analyses techniques looking at smoothness of its curvature and assess if its regularity is sufficient to perform the additive step without pre-machining it. If a pre-machining step is needed, its effect will be simulated (e.g. by applying a negative offset to the surface or regularizing its curvature) and the resulting shape and will be used to perform Boolean operations inside NX to obtain the complement shape to be printed.  Since in addition to the damage to be repaired, other modifications to the designed part might have occurred during the operation (e.g. slight deformation, bending or corrosion), a routine will be developed in the tool to morph the original CAD design to the actual configuration, before computing the geometry of the damaged part.
1. Develop multiple CAM plans (including material, toolpath, feeding rate, laser power, build orientation) to print the complement shape and join it to the damaged part. Based on the technical specification of the available additive manufacturing machine(s), on the extent of the repair, on the shape and size of the whole part to be repaired, and on the part material, multiple CAM options for printing the complement shape will be developed. Part of this task will be achieved by using existing NX software capabilities. Additional routines will be added to account for the damaged part shape and size in selecting the CAM options, and to increase the compatibility of the tool with additional machines, if not already present in the NX library.
1. Simulate the additive manufacturing process for printing the complement part of top of the damaged part, using Directed Energy Deposition (DED). Additional additive manufacturing techniques could be employed as well. A multi-physics model of the DED additive manufacturing process will be developed and implemented in a NXOpen based software tool. This will include a model for the material deposition and a model for the effect of the coupled thermally- and mechanically- induced stresses on the printed part. A model for the connection between the printed complement shape and the damaged part will be developed and integrated as well. 
1. Utilizing mechanical information resulting from the final stage of the simulated manufacturing process, including mechanical displacement, temperature field and residual stresses, perform a mechanical analysis utilizing loading conditions from the typical usage of the part. The results of software component 3 will be automatically fed into an additional routine to compute the shape and the mechanical properties of the final repaired part. This step will utilize existing NX capabilities, interfaced with the rest of the developed software platform. The loading conditions to perform virtual testing will be obtained from the operation stage through the developed horizontal solution.
1. Automatically select the combination of process parameters that yields to the best mechanical performances. The output of software component 4 will be embedded in a routine to select the best parameters combination, within the specified set. This task can be substituted with an optimization algorithm to achieve target mechanical performance. However this extension is outside the scope of the project. The selected process parameters and the related CAM plan will be stored back in Teamcenter to be transferred to the shop floor.
This software platform will be used to provide a-priori knowledge on predicted outcome to enable an informed choice between different options for repair or (possibly) replacement. The use of the developed simulation tools for this evaluation would reduce costs of testing and yield to cheaper solution, given a quality standard to guarantee.

In the course of the project, the developed solution will be demonstrated and validated, at the FRCSW facility, using an example of mechanical part. Specifically, the following approach will be followed:
1. An existing undamaged mechanical part will be considered. Its CAD design will be stored in the Teamcenter based digital thread solution, and the typical loading conditions will be acquired (through Teamcenter based digital thread solution) from the operation stage.
1. The benchmark mechanical properties of the undamaged part will be measured with mechanical testing, under the typical loading conditions.
1. An example of damage (e.g. a dent) will be created on the part and a 3D scan of the damaged part will be acquired and processed to obtain a 3D digital representation of the outer surface. The information will be stored in the Teamcenter based digital thread solution.
1. The software tool will be utilized to select a manufacturing plan which would yield to the best mechanical properties, among the considered set, automatically obtaining the needed information from the Teamcenter based digital thread solution.
1. The selected plan will be stored back in the Teamcenter based digital thread solution.
1. The selected CAM plan will be downloaded from the Teamcenter based digital thread solution and implemented to perform the repair of the damaged part.
1. The testing at step b) will be repeated on the repaired part and the mechanical performance KPI will be compared. 
To perform the demonstration and validation plan, a testing facility will be equipped with standard Siemens Teamcenter and NX platforms and with the software tools developed in the course of this project. 

Prior work has been performed internally by Siemens Corporation, Corporate Technology, to extend Siemens NX software suite with additional functionalities to optimize design of parts for additive manufacturing, optimize aspects of the manufacturing plan and for process modeling and simulation.

3.3 Vertical Solution 2 – In-process Monitoring for Quality Assurance
This vertical solution addresses the problem of assuring the quality of an additively manufactured part by understanding the effects of variability of process parameters on the desired KPIs. The approach that will be developed is generic with respect to which process parameters to study and which KPIs to evaluate. Example of process parameters that can be considered are laser power, feed rate, environmental temperature, tool speed, layer thickness. The KPI to evaluate can include functions of the difference between the planned object shape (from CAD) and the actual shape of the printed part, acquired with 3D scanning, of the porosity/density of the printed part, of the surface regularity, of the mechanical behavior.
The approach that will be followed can be divided in the following steps:
1. A simplified CAE model for the additive manufacturing process will be developed such that it is able to predict the desired KPI on the basis of the selected process parameters, while being computationally less expensive than the 3D process model developed for solution V1, step 3. Different mathematical approaches to perform this task will be considered, including machine learning, reduced order modeling and weak coupling between different physics.
2. The model at step 1 will be used in conjunction with uncertainty propagation and quantification (UQ) algorithms to assess the uncertainty present in the measured KPIs. To perform this step, empirical data will be acquired during multiple experiments performed with a given additive manufacturing setup. Different approaches will be considered for UQ, including Evidence Theory and Polynomial Chaos and based on expected performance and accuracy, one method will be selected and implemented.
3. A sensitivity analysis will be performed using the computational model of the manufacturing process, to quantify how the variability of each considered process parameter (computed in step 2) translates into variability of the selected KPIs.
4. The knowledge at step 2 and 3 will be combined and utilized to develop guidelines to select the process parameters whose variability has the largest effect on the product quality and the acceptable value range for each of them, to achieve a target KPI value.

This approach will be implemented in a software tool integrated with Siemens NX. For a given part and a given set of target product quality KPIs, the software will provide the monitoring and sensing requirements for the each of the parameters, in order to achieve the desired quality. This information will be stored in the Teamcenter based digital thread platform, to be used for improving the control algorithms for the considered AM machine.
This approach will contribute to expanding the knowledge base on additive manufacturing process for optimize sensing, monitoring and control, by focusing only on critical parameters, to reduce cost and data handling.  On the other hand, the quality of a printed part will be ensured by following the guidelines developed in step 4.
The same software tool can be utilized for virtual qualification of the process model and of its prediction in terms of KPIs.  In addition, it will be used in conjunction with a stochastic optimization algorithm to compute the optimal build tool path (or other controllable parameters) to achieve product quality KPIs within specified bounds around the expected value, accounting for possible unknown perturbation in input raw material characteristics, process parameters and machine conditions.

The proposed approach will be demonstrated and validated, at the FRCSW facility, in the course of the project by performing the following steps:
a) A selected CAD model will be printed using a predefined set of parameters.
b) The developed approach will be applied to the selected part to obtain a set of critical parameters to control, and their range of permitted variation to guarantee the target KPIs within a given tolerance. 
c) The same CAD model will be printed a second time, utilizing the computed guideline for quality assurance
d) Both the printed parts will be tested in terms of the selected KPIs and compared, to assess the performance of the approach.

Prior work has been performed internally by Siemens Corporation, Corporate Technology, to extend Siemens NX software suite with additional functionalities for process modeling and simulation. This experience will be utilized to perform this task.

3.4 Success Criteria
Overall success of the project will be gauged by the following criteria:  (1) 
(1) All required data can be seamlessly exchanged between the digital thread created as horizontal solution and the developed algorithms in vertical solutions. (2) The required data can be uploaded and retrieved from the Teamcenter digital thread without need of manual parsing and format change.
(2) The data can be seamlessly exchanged and tracked among the various lifecycle stages. (3) , with automatic handling of data conversion between them 
(3) The mechanical properties of the repaired part using vertical solution V1 are within the tolerance limit (to be specified based on the product functional requirements at the project stage) of the benchmarked properties of the undamaged part. (4)  
(4) The developed UQ and sensitivity algorithms in vertical solution V2 are able to identify critical quantify the dependence of product quality KPIs on parameters of the manufacturing process. (5) 
The product quality KPIs of the part printed with monitoring and control of critical parameters (from V2) only is within the tolerance limit (to be specified based on the product functional requirements at the project stage) of the benchmarked KPIs of the part printed with non-optimized process.
2. Technical Transition and Pervasive Impact to Industrial Base: (0-25 points)

NCMS will continue this strong focus on technology transition with the philosophy that a project is not successful until it is being used in production. DoD maintenance depots, DOE manufacturing plants, and NASA, technology transition will remain the culture and focal point of this effort, resulting in millions of dollars in savings through the deployment of AM to the needs of the FRCSW. 

NCMS will execute the highly successful Technology Showcases at depot maintenance activities to demonstrate results of this project as well as to provide onsite relevant technology demonstrations that fulfill the depots’ maintenance needs.  Additionally, briefings will be made through, American Makes network, CMTA Partners Meeting and JTEG, webinars and other forums to further assure effective technology transition occurs for the benefit of both commercial and government maintenance activities. 
NAVAIR provides engineering, development, testing, evaluation, in-service support, and program management capabilities to the United States Navy. It is the mission of FRCSW and In-Service Support Center (ISSC) at North Island to deliver responsive maintenance, repair, and overhaul products and services in support of Naval Aviation and National Defense objectives.

To ensure adaptability of the proposed solution, the team will leverage the Reverse Engineering Lab at FRCSW.  The Advanced Measurement Systems Reverse Engineering Lab (AMSREL) has been operating for the past decade as a customer-centric resource, providing rapid, cost-effective, custom engineering solutions to the Navy. With its primary areas of expertise being laser measurement, reverse engineering, and additive manufacturing, the Lab is part of a growing group of Navy and other DoD entities situated at the forefront of technology insertion. 

Outfitted with four different laser metrology technologies, the Lab maintains the ability to perform a wide variety of measurement tasks, from aircraft alignment and industrial space mapping to quantifying artisan blend damage on fastener holes. To increase versatility and decrease hardware investment costs, each of our measurement devices has capabilities that overlap. The Surphaser Hemispherical Laser Scanner can collect millions of points in a matter of minutes with a range of 60 yards, but for a task requiring similar distances and tighter tolerances the Lab has an API Laser Tracker. For smaller applications, the Romer 7-axis Articulated Arm Coordinate Measuring Machine and Konica Minolta Range 7 stationary laser scanner are both very accurate devices. The Romer Arm has both contact and non-contact measurement capabilities, and is well suited to use outside a laboratory setting. The Konica is more accurate and can also be easily transported, but not as well-suited to scanning large objects.

To collect and manipulate the data collected by these hardware tools the AMSREL uses several software packages, the most versatile of them being Verisurf and Geomagic. With these software tools and laser measurement devices we can perform a limitless number of unique tasks. When working with an aging aircraft platform for instance, one important capability is the comparison of laser scan data to a digital CAD model. This process is extremely useful in the 2D to 3D conversion process of certified part drawings. It is also possible to reverse engineer an object that has no accompanying data package, whether it’s a single part or an entire vehicle. 

Taking the same hardware acquisition approach of overlapping strengths, FRCSW has outfitted a very robust additive manufacturing center. Currently there are four 3D printers at North Island: Stratasys Fortus 400 (Fused Deposition Modeling), Stratasys Dimension (FDM), 3D Systems sPro 60 (Selective Laser Sintering), 3D Systems iPro 8000 (Stereolithography). With this diverse collection of technologies we are able to satisfy a wide variety of customer requirements. The implementation of additive manufacturing at FRCSW has led to significant improvements in the turn-around time of repair parts, tooling, and form blocks, which equates to cost savings and increased readiness. Combining 3D printing with 3D scanning and reverse engineering, the AMSREL has become a very powerful tool for the Navy.

Over the past three years, FRC SW has been engaged in the “Product Lifecycle Management for Aircraft Sustainment and Support” project.  This project, led by NCMS was focused on three areas:
· Providing and electronic environment to house the FRCSW 3MS process
· Establishing access to FRCSW Engineering daytabase from FRCE, and FRCSE
· Proving a design anywhere, manufacture anywhere capability so the FRC’s can operate as one FRC.
The software used in all phases of the subject NCMS project are Siemens PLM’s Teamcenter and NX.  As part of this proposal, Siemens will dedicate a similar software configuration to the project so SCCT and other project team members will be able to operate on the same backbone as our DoD partners.  At the end of this project’s period of performance, the configured software used in the project will be delivered to America Makes. 
This already existing infrastructure at FRCSW will make it easier not only to implement and demonstrate the developed integrated solution, but will also expedite the process of transitioning the technology to FRCSW. The existing Teamcenter based 3MS process at the FRCSW will serve as a base for implementation of the new digital thread proposed as the horizontal solution. For the vertical solutions, the above mentioned equipment (3D printers) at the FRCSW facility will serve as the testbed for validation and demonstration. The validation and demonstration of the developed vertical solutions will make it easier to successfully transfer the overall integrated solution to FRCSW. In addition, workforce training will be conducted to educate the FRCSW on the developed technologies. Siemens PLM, who successfully implemented the 3MS process, will lead the technology transition activity. They will be supported by SCCT and NCMS. The SCCT team, who will lead the technology development in this project, is the entity within Siemens that is in charge of transitioning new ideas and technology into Siemens business divisions, such as Siemens PL and Siemens Energy, by developing and demonstrating early stage prototypes in close collaboration with the business divisions. The SCCT personnel in the project team have experience of successfully transitioning new software technologies into Siemens products. As an example, the SCCT team developed an advanced design solution for 3D printed custom surgical instruments for Johnson & Johnson’s Depuy-Synthes Orthopedics division. A technology transition plan will be prepared by the project team to detail the steps required for successful handover of the developed solutions to FRCSW and potentially any other America Makes member with access to the project results.
3.4 Sustainability:
As stated in the project solicitation, energy savings include both reductions in material use compared to existing processes and energy savings resulting directly from additive manufacturing enabled advanced products.  Our project will address both of these areas in the following ways.

4.1 Energy savings resulting due to V1 – repair – 
· First and foremost, AM processes allow for repair of worn surfaces and damaged parts to extend part lifetimes instead of replacing entire assemblies resulting in disposal of the used parts.  This could have both economic and environmental impacts.
· The repair part can be complex and as such may consume lot more energy during conventional manufacturing approach as compared to additive manufacturing
· Regarding additive manufacturing enabled advanced products, many of the repair part may require complex shapes and engineered structures, which may not be currently possible through traditional processes. Advanced engineering designs used in AM process can lead to product weight reductions and an increase in product useful life.
· A longer life for components will reduce the frequency of replacing these parts, leading to a reduction in manufacturing costs and energy to produce additional replacement parts.
· AM based repair process will facilitate repair of parts for which the cost of repair through conventional approach or replacement part maybe too costly. In such cases, it is possible that the user may choose to keep the system operational with compromised part leading to sub-optimal operation that may consume more energy and cause more harmful emissions.  

4.2 Energy savings resulting due to V2 – smart sensing – 
· In an AM process, it is possible that a product has to be discarded, after the full printing process, as it does not meet quality requirements. Smart sensing will ensure monitoring of critical parameters and will facilitate feedback controls based on those parameters to avoid such scenarios. This will save the material, time and energy consumed in fabrication of product of low and unacceptable quality. Also, the proposed approach will reduce sensing requirements leading to cost savings in terms of less sensors, and lesser data management and storage burden. The controls would be easier too.


5.0 Education and Workforce Training: (0-15points)

Additionally, NCMS’ Educational Services expertise in designing, producing & distributing creative educational materials for interactive distance learning & web-based modalities will be used in augmenting the AM Educational programs for widespread.

Program objectives focus on the systematic expansion of the number of workers who have skills required by a growing Additive Manufacturing sector, coupled with the creation of tools that will allow the education & training complex to effectively fulfill this demands for skills.  To support effective as well as expanding adoption of Additive Manufacturing technology, even as the technology continues to evolve, the scope of the program will cover developmental needs of both new entrants to the workforce & incumbent workers in industry & government establishments. The program will leverage upon existing best practices, existing partnership initiatives & models with similar objectives. Major components of the program address:
· Workforce requirements & needs
· Curriculum & resource development, maintenance & dissemination
· Workforce training delivery
· Apprenticeship & intern programs
· Research opportunities
· Outreach to increase the workforce candidate pool for Additive Manufacturing including Advanced Manufacturing overall
In addition, the project team will prepare material (documentation and test cases) and will provide effort to train a selected audience on the capabilities and the usage of the software prototype developed in the project. After development and validation of the proposed technologies are completed, short courses for industry will be developed.  One and two day courses will be developed and piloted at FRCSW site. The workshop will also serve to educate the AM members selected to exercise the developed software prototype. The focus of this first workshop is on the usage of the software tool. At the workshop, the participants will be able to use the developed technologies, and identify the value this integrated solution will provide to their business.


6.0 Project Management Approach: 
NCMS has uniquely demonstrated over the past 20 years its ability to effectively form, manage and administer CTMA collaborative projects among industry, academia, and DoD participants from all services. CTMA program administration is fully staffed by NCMS with devoted resources including technical and administrative program management, accounting, and contracts. Given that project managers serve on the front line of the CTMA program, a key to success is cross-training within the organization. Project managers must be able to quickly answer questions from their collaborative teams, not only about the technical content of the project, but contract and accounting practices as well. A general knowledge about all aspects of the program allows collaborative teams to quickly develop and deploy project concepts.
NCMS has established accounting and contracting policies to implement and execute its mission and business objectives. These policies are based on sound business practices, the requirements of federal, state and the Internal Revenue Service Code for 501(c)(3) organizations, and the National Cooperative Research and Production Act. Therefore, NCMS staff is required to adhere to the highest ethical behavior in carrying out all project management, accounting and contracting responsibilities. 
6.1 Risk Management Plan

NCMS shall analyze and report on the Program Risks in accordance with a Program Risk Management Plan (RMP).  Risks shall be managed and maintained throughout the program and provided as part of the Monthly Program Status Report. 
Risk defined is the possibility that a future event, should it occur, will have an adverse effect on project objectives including cost, schedule, or technical.  The source of the risk can be identified and its probability of occurrence and impact on the project objectives quantified.  The process of risk identification and assessment is to turn known potential problems and “unknowns” (uncertainty) into risks for the purpose of better managing the project. 
The RMP shall be based on that analysis and shall be followed up during all phases of the program.
The RMP shall include the following:
· Identification and documentation of the risk
· Documentation and allocation of mutual dependencies between risk factors, probability of occurrence analysis of each risk and determining its potential cost/schedule impacts 
· Definition of the measures to be taken for minimizing or avoiding the risk inclusive of completion dates for when minimization efforts need to be completed and who is responsible for each measures execution
· Risk control by consistent analysis of the results of the measures taken
NCMS shall establish and maintain a Risk Register, with reporting facilities, will document all program risks and their mitigation plans.
Accelerating the Use of Digital Thread Toolset for Additive Manufacturing and Value Chain Processes for DoD Maintenance and Sustainment Risks and Mitigations report will include the following:
Risk: Description
Mitigation:  Description of action
Risk Type:  Cost, Schedule, or Technical
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Direct communications between all parties will utilize e-mail, phone, teleconference and any means necessary to facilitate and advance the project goals.  

Project communication will include a combination of weekly and monthly phone discussions.  The weekly interactions are planned as Technical Interchange Meetings (TIMs) to discuss engineering problems that need immediate action and resolution to keep the project on track.  Monthly Program Management Reviews (PMRs) will be held to discuss Program Status and identify any project adjustments needed.    

Face to face communication meetings will be held as needed at a location to be determined as required by the project.

7.1 Roles and Responsibilities
NCMS has uniquely demonstrated over the past 20 years its ability to effectively form, manage and administer CTMA collaborative projects among industry, academia, and DoD participants from all services. CTMA program administration is fully staffed by NCMS with devoted resources including technical and administrative program management, accounting, and contracts. Given that project managers serve on the front line of the CTMA program, a key to success is cross-training within the organization. Project managers must be able to quickly answer questions from their collaborative teams, not only about the technical content of the project, but contract and accounting practices as well. A general knowledge about all aspects of the program allows collaborative teams to quickly develop and deploy project concepts.
NCMS has established accounting and contracting policies to implement and execute its mission and business objectives. These policies are based on sound business practices, the requirements of federal, state and the Internal Revenue Service Code for 501(c)(3) organizations, and the National Cooperative Research and Production Act. Therefore, NCMS staff is required to adhere to the highest ethical behavior in carrying out all project management, accounting and contracting responsibilities. 
As project lead, NCMS will be responsible for keeping the project on schedule, managing the budget, and organizing and hosting monthly meetings including project participants, as well as AM-NAMII representatives, to review progress of the work and discuss any project challenges.  These progress review meetings will be done via phone/video conferences.  Physical symposium-type meeting will also be held, every 6 months, to better facilitate communication and sharing of results and ideas. 
Primary roles and responsibilities for each organization participating in the proposed project are listed in Table 1 below, along with the primary personnel from the organization who are affiliated with the project. In addition to the participants formally listed, numerous other personnel will be involved, including technical support staff, office support staff, student interns, etc. Each project participant is highly skilled, qualified and experienced, and will successfully execute their assigned roles.

	Organization
	Assigned Tasks/Role
	Participants
	Primary Roles and Responsibilities

	National Center for Manufacturing Sciences
	
	Dana Ellis
	Project Lead & Management (budget, reports, arrange meetings);

	Siemens Corporation, Corporate Technology
	1,2,3,4,5,6
	Sanjeev Srivastava
Lucia Mirabella
Suraj Musuvathy
Arisoy Erhan
Ed Slavin
Mark Burhop
	Siemens Teamcenter configuration and development; AM Process simulation and optimization; Software integration with Siemens NX; Algorithms for UQ and sensitivity analysis; Integration of all solutions; Benchmarking; Demonstration; and Validation; 

	Siemens PL
	1, 4,5,6
	Matt Brenan
Diane Ryan
	Siemens Teamcenter configuration; Integration of all solutions; Demonstration; Validation; and Education and Workforce Management; 

	FRCSW
	
	Chris Root
	

	FRCE
	
	Robert Kestler
	

	Tobyhanna Army Depot
	
	Richard Foley
	


 
7.2 Project Task Schedule
The project task schedule is shown below in Figure 6.  This schedule represents the deliverables associated to the proposed project solution based on the 18 month delivery schedule.
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Figure 6:  Proposed project schedule
7.3 Project Tasks

Project goals and objectives will be accomplished through systematic completion of the tasks outlined below:  

Task 1: Development of Horizontal Solution - Digital Thread

Task 2: Development of Vertical Solution 1 - Am Based Repair

Task 3: Development of Vertical Solution 2 - In-process Monitoring for Quality Assurance

Task 4: AMV - Integration of the develop solutions H0, V1, V2

Task 5: Validation of digital thread integrated Vertical Solution 1
   
Task 6: Validation of digital thread integrated Vertical Solution 2 

Task 7: Education and workforce training 

Task 8: Technology Transition 

Task 9: Project Management 


Task 1: Development of Horizontal Solution - Digital Thread (H0)
In this task the Teamcenter based digital thread will be developed. This step will involve configuration of Teamcenter, development of different data models for different lifecycle stages, and development of various data exchange clients. The subtasks for this task are listed below:


Subtask 1.1: Develop Teamcenter based data models for Design stage
The various steps in this subtask will be: 
· Requirements elicitation/requirements engineering
· Development of Teamcenter data model for various stages of product lifecycle.
· BOM (bill of material) modeling. In this step, functional modeling of product design and manufacturing will be performed for semantic linking of function requirements to functions. Then engineering parameters and performance targets for functions will be determined. From functions, logical model of product operation and performance will be developed. These models will be simulated in order to perform preliminary test of product design before going into detailed physics-based design and analysis. Then CAD/CAM based detail design of product will be developed.

Subtask 1.2: Develop Teamcenter based data models for Manufacturing stage
In this subtask, extension of existing product manufacturing Teamcenter data model will be performed with analysis of repair and repair items for vertical solution 1. Mapping of logical items as well as mapping of abstract physics items (CAD/CAM) etc. will be performed. Thereafter the repair package (with all the data) will be sent for manufacturing. Documentation required for shipping of repaired product will be uploaded in Teamcenter. 

Subtask 1.3: Develop Teamcenter based data models for Operations stage
In this subtask, existing product manufacturing Teamcenter data model will be extended with maintenance, service, and operation data. The relevant data, collected during operations stage, will then be uploaded in the Teamcenter.

Subtask 1.4: Develop data exchange client
Development of custom Teamcenter client for data exchange between Teamcenter and tools designed for vertical solutions, including subscriptions and automatic updates for change in data. 


Task 2: Development of Vertical Solution 1 - AM Based Repair (V1)

Subtask 2.1: Devlop CAD model of the repair part and CAM for printing it
Analyze CAD data of the original part and the digitized shape of the damaged part (obtained through 3D scanning techniques) and identify the digital shape (“complement shape”) to be manufactured to complement the damaged shape and restore the original part design.
Develop multiple CAM plans (including material, toolpath, feeding rate, laser power, build orientation) to print the complement shape and join it to the damaged part.

Subtask 2.2: Develop model of AM process
Simulate the additive manufacturing process for printing the complement part of top of the damaged part, using Directed Energy Deposition (DED). Additional additive manufacturing techniques could be employed as well.

Subtask 2.3: Develop tool to predict mechanical properties of repaired part
Utilizing mechanical information resulting from the final stage of the simulated manufacturing process, including mechanical displacement, temperature field and residual stresses, perform a mechanical analysis utilizing loading conditions from the typical usage of the part. Automatically select the combination of process parameters that yields to the best mechanical performances.


Task 3: Development of Vertical Solution 2 - In-process Monitoring for Quality Assurance (V2)

Subtask 3.1: Develop reduced order model for the AM process
A simplified CAE model for the additive manufacturing process will be developed such that it is able to predict the desired KPI on the basis of the selected process parameters, while being computationally less expensive than the 3D process model developed for solution V1, step 3. Different mathematical approaches to perform this task will be considered, including machine learning, reduced order modeling and weak coupling between different physics.

Subtask 3.2: Develop UQ and UP algorithm for the AM process
The model at step 1 will be used in conjunction with uncertainty propagation and quantification (UQ) algorithms to assess the uncertainty present in the measured KPIs. To perform this step, empirical data will be acquired during multiple experiments performed with a given additive manufacturing setup. Different approaches will be considered for UQ, including Evidence Theory and Polynomial Chaos and based on expected performance and accuracy, one method will be selected and implemented.

Subtask 3.3: Sensitivity analysis to identify critical parameters
A sensitivity analysis will be performed using the computational model of the manufacturing process, to quantify how the variability of each considered process parameter translates into variability of the selected KPIs.

Subtask 3.4: Develop sensing and monitoring for control of critical parameters
The knowledge at step 3.2 and 3.3 will be combined and utilized to develop guidelines to select the process parameters whose variability has the largest effect on the product quality and the acceptable value range for each of them, to achieve a target KPI value.

Task 4: AMV - Integration of the develop solutions H0, V1, V2
The developed software for vertical solutions will be integrated with the horizontal digital thread in a combined platform that facilitates bi-directional data exchange between various stages of PLM and the developed approaches. 


Task 5: Validation of digital thread integrated Vertical Solution 1

Subtask 5.1: Benchmark V1: Get an undamaged part and perform mechanical testing
An existing undamaged mechanical part will be considered. Its CAD design will be stored in the Teamcenter based digital thread solution, and the typical loading conditions will be acquired (through Teamcenter based digital thread solution) from the operation stage.
The benchmark mechanical properties of the undamaged part will be measured with mechanical testing, under the typical loading conditions.


Subtask 5.2: Demonstration V1: Damage the part; apply V1 and perform repair; perform mechanical testing
An example of damage (e.g. a dent) will be created on the part and a 3D scan of the damaged part will be acquired and processed to obtain a 3D digital representation of the outer surface. These information will be stored in the Teamcenter based digital thread solution.
The software tool will be utilized to select a manufacturing plan which would yield to the best mechanical properties, among the considered set, automatically obtaining the needed information from the Teamcenter based digital thread solution.
The selected plan will be stored back in the Teamcenter based digital thread solution.
The selected CAM plan will be downloaded from the Teamcenter based digital thread solution and implemented to perform the repair of the damaged part.


Subtask 5.3: Validate V1: Compare mechanical test performance with benchmark
The testing at step 5.2 will be repeated on the repaired part and the mechanical performance KPI will be compared.
   
Task 6 – Validation of digital thread integrated Vertical Solution 2 

Subtask 6.1: Benchmark V2: Print part with unoptimized process to obtain benchmark KPIs
A selected CAD model will be printed using a predefined set of parameters. The printed part will be tested to determine the KPIs.

Subtask 6.2: Demonstration V2: Apply V2 to get critical parameters; Print part with control of critical parameters and measure KPIs
The developed approach will be applied to the selected part to obtain a set of critical parameters to control, and their range of permitted variation to guarantee the target KPIs within a give tolerance. 
The same CAD model will be printed a second time, utilizing the computed guideline for quality assurance

Subtask 6.3: Validate V2: Compare the measured KPIs with benchmark
The part printed following the developed guidelines will be tested and the KPIs will be computed and compared with the benchmark KPIs to assess the performance of the approach.

Task 7 - Education and workforce training 
For activities related to this task, please see Section 7, Education and Workforce Training, page XX

Task 8 - Technology Transition 
For activities related to this task, please see Section 8, Technical Transition and Pervasive Impact to Industrial Base, page XX


Task 9 - Project Management 
For activities related to this task, please see Section 9, Project Management Approach, page XX

Exhibit I.  
Not applicable
Exhibit II.
Not applicable
Exhibit III.
Letters of Commitment, detailing the organization name, point of contact, phone, email, summary of the agreed role, dollar value and description of proposed cost share from the team member
04/17/2015										DRAFT
Mrs. Debra Lilu
Senior Program Manager
National Center for Manufacturing Sciences
3025 Boardwalk Drive
Ann Arbor, MI 48108

RE:  Letter of Commitment for AMMO proposal entitled “Accelerating the Use of Digital Thread Toolset for Additive Manufacturing and Value Chain Processes for DoD Maintenance and Sustainment” 
Dear Mrs. Lilu,
Siemens PLM Software is pleased to support the subject proposal submitted by the National Center for Manufacturing Sciences (NCMS).  
The objective of this proposal is to accelerate the usage of a Digital Thread Toolset driving process performance improvements and provides tools and practices to minimize multiple designs, prototypes and test iterations typically required for product or process qualification, all connected via the ‘digital thread’ to enable collaboration between designer, analyst, manufacturer, and maintainer. This solution will be integrated with modeling and simulation tools developed ad hoc to allow faster time to market and efficient production of complex systems. Specifically, a software tool for virtual investigation of AM based strategies for repair of mechanical parts will be implemented and an approach based on uncertainty quantification techniques will be developed for identification of critical process parameters to be monitored during the AM process. 
Siemens PLM Software will contribute a and $1.02M of In-Kind contribution.  Siemens In-Kind will include  Siemens PLM software and maintenance value for the project team.  This software will be delivered to America Makes at the end of the Period of Performance. 
Matt Brennan, will be the point-of-contact for the Siemens team relative to this effort:
Phone:		484-919-8251			e-Mail:		matt.brennan@siemens.com		
We look forward to working with the Additive Manufacturing Maintenance Operations (AMMO)/NCMS team.  
Sincerely,
DRAFT…will be signed after review

Michael A. Schwind
VP Federal Sector
Siemens 
schwind.michael@siemens.com
Phone:  484-213-1086


[image: ]


Exhibit IV.
Not applicable
Exhibit V.
Not applicable
Cost Volume:
[image: ]

Project Team Appendix:

Dr. Sanjeev Srivastava 
2013-present	Senior Key Expert Scientist, Siemens Corporate Technology, Princeton, NJ, U.S.A

Dr. Sanjeev Srivastava currently works as a Senior Key Expert Scientist at Siemens Corporation, Corporate Technology, Princeton, NJ. He received his Ph.D. degree in Electrical Engineering from Texas A&M University in 2003. Before joining Siemens Corporation he worked as an Associate Scholar Scientist in the Center for Advanced Power Systems (CAPS) at Florida State University. He has authored more than 100 technical papers for several international peer-reviewed journals and conference proceedings. Dr. Srivastava’s research interests and expertise includes additive manufacturing; microgrids; building automation; shipboard power systems; machine learning and optimization techniques; fault detection, diagnostics and prognostics; complex systems and complexity quantification; expert system and multi-agent applications to various systems. Dr. Srivastava has been the PI and co-PI and key contributor on several power systems and controls projects funded by various government agencies including the Office of Naval Research, National Science Foundation and Department of Energy. He has done several projects in the areas mentioned as his research interest and expertise. Relevant projects in the area of this proposal include modeling and simulation of manufacturing processes, design optimization for harvesting wind energy at taller hub heights, and optimization of the partitioning of 3D digital shapes for additive manufacturing.

Education
	Degree & Year  
	Institution
	Major/Area

	M.B.A., 2008
	Florida State University, USA
	Business Administration

	Ph.D., 2003
	Texas A&M University, USA
	Electrical Engineering

	M.Tech, 1999
	I.I.T. Delhi, India
	Electrical Engineering

	B. E., 1997
	M.M.M.E. College, India
	Electrical Engineering



Employment History
	Senior Key Expert Scientist, Siemens Corporate Technology, 
Princeton, NJ, U.S.A 
	Jul. 2014 - present

	Senior Staff Scientist, Siemens Corporate Technology, 
Princeton, NJ, U.S.A 
	Mar. 2013 – Jun. 2014

	Associate Scholar Scientist, Florida State University, 
Tallahassee, FL, U.S.A 
	Aug. 2011 – Mar. 2013

	Assistant Scholar Scientist, Florida State University, 
Tallahassee, FL, U.S.A 
	Feb. 2005 - Jul. 2011

	Post Doctorate, Florida State University, 
Tallahassee, FL, U.S.A.
	Sept. 2003 - Jan. 2005

	Project Engineer, Secure Meters Ltd., 
New Delhi, India.    
	Mar. 1999 - Dec. 1999




Dr. Lucia Mirabella 
2014-present	Research Scientist, Siemens Corporate Technology, Princeton, NJ, U.S.A
Dr. Mirabella received her Ph.D. in Mathematical Engineering from Politecnico di Milano, Italy in 2010 and worked as a post-doctoral researcher at Emory University and Georgia Institute of Technology. Dr. Mirabella’s expertise includes numerical methods for partial differential equations, computational fluid dynamics in rigid and compliant domains, algorithms for fluid structure interaction, reduced order modeling, multi-scale and multi-physics modeling and high-performance computing. Relevant projects in the area of this proposal include modeling and simulation of manufacturing processes, simulation of mechanical performance of innovative wind tower designs, investigation of design options for surgical constructs to optimize fluid dynamics energy efficiency, optimization of the partitioning of 3D digital shapes for additive manufacturing.
Professional Preparation
	Degree & Year  
	Institution
	Major/Area

	B.S., 2004
	Politecnico di Milano, Italy
	Mathematical Engineering

	M.S, 2006
	Politecnico di Milano, Italy
	Mathematical Engineering

	Ph.D., 2010
	Politecnico di Milano, Italy
	Mathematical Engineering

	Post-Doctorate, 2010
	Emory University
	Applied Mathematics

	Post-Doctorate, 2010-2014
	Georgia Institute of Technology
	Biomedical Engineering



Mark Burhop
Staff Scientist, Siemens Corporate Technology, Princeton NJ, USA
Mark Burhop is a leading authority in the CAD/CAE/CAM industry. Prior to joining Siemens Corporate Technology in 2014, he served as the programs director for Siemens PLM’s technology partner program, as the simulation product manager for the Solid Edge Simulation product, and as a software developer for CAD and CAE applications for three different commercial CAD systems. He has a degree in Mechanical Engineering and is a former member of the Adjunct faculty at the University of Cincinnati where he taught advanced C++.  He is particularly interested in 3D modeling, additive manufacturing, IoT in manufacturing, and topology optimization.


Dana Ellis – Principal Investigator
2009 - Present   Senior Program Manager/ Mechanical Engineer
National Center of Manufacturing Sciences, Bremerton, WA

Dana Ellis’ career has focused on DoD maintenance, repair and modernization to support weapon system and component sustainment, maintenance, obsolescence management, and other relevant technologies that ultimately support the warfighter and weapon system performance for the DoD.  He has deep experience in leading technical and project management teams to attain goals with managed risk and within cost and schedule constraints, as well as broad experience in industrial and business operations, manufacturing and engineering processes, quality programs and enterprise management.
Since joining NCMS he has been responsible for collaborations between industry, federal government, and universities in the development of new technologies designed for increased process productivity and efficiency, as well as to build the global competitiveness of the participating companies.  Each of these collaborations are focused upon the development, implementation, and commercialization of technologies that either solve manufacturing problems, reduce throughput time, improve environmental controls and processes, increase product reliability, greatly improve shop floor business practices, and improve systems performance.

Dana served as Chairman of the Manufacturing Advisory Committee at Olympic College supporting regional manufacturing and workforce development for the community.
As the Nuclear Aircraft Carrier Business Manager at Todd Pacific Shipyards, he managed $30M cost contracts, estimating and planning products, specifications, contract negotiations, financial tracking, and procurement for all private sector ship repair availabilities.  He implemented and improved business processes and financial tracking that resulted in improved customer relations.  

As President of Seattle Industrial Motor and Machine Company (SIMMCO), he provided executive level business oversight of a $5M company and achieved business development objectives.  Dana was directly responsible for the plant operations, facility maintenance, and safety of employees, renovations, and electro- mechanical repair services. The driving force in the implementation of quality assurance program and ISO 9001:2000 certification at Seattle Industrial Machine and Motor Company.

Mr. Ellis served over twenty two years in the United States Navy.  As the Maintenance Officer at Commander Naval Surface Group, Middle Pacific Fleet, Pearl Harbor, HI, he was responsible for the execution of all maintenance actions, financial accountability of a $100M budget, advance planning, and engineering oversight for twelve surface ships to meet all fleet operational commitments.  He established the Hawaii Regional Maintenance and Modernization Coordination Office (RIMMCO) to validate the readiness of all contractor Alteration Installation Team installations in order to improve schedule, quality control, and work certification, increasing productivity by 60 percent in one year. He directly supervised and evaluated a staff of over 30 military, government service, and contractor personnel.
EDUCATION
MSME		Naval Postgraduate School			Monterey, CA

BSME  		The Ohio State University			Columbus, OH
CERTIFICATION
Executive Business Management Program, University of Washington, Seattle, WA
Acquisition Professional, Manufacturing, Production, and Quality Assurance- DIWA Level III, Defense Acquisition University
Government Cost and Fixed Price Contract Administration
SECRET CLEARANCE

Diane E. Ryan 

Technical Solution Consultant Siemens PLM Software, Newport News, VA
Diane E. Ryan is a Business Consultant for Siemens PLM Software Inc., Maritime Solutions currently located in the Clearwater, FL area.  Diane enlisted in the United States Army after high school in Fraser, MI.  She attended the Defense Language Institute in Monterey, CA completing a 47 week course in Russian language, and then continued her training in San Angelo, TX to become a Signals Intelligence Analyst.    
While assigned to the 224th Military Intelligence Battalion as an intelligence analyst and linguist, she assisted in the design and development of a new intelligence gathering computer system. She also supervised and trained personnel in the analysis and reporting of intercepted foreign communications in a tactical and strategic environment.  

Diane spent six years on active duty, and completed the final two years as a reservist, during which time she graduated from Oakland University, Rochester, MI in 1998, beginning a career in the IT sector.   She spent several years in the IT industry as an independent consultant and as a Russian translator before being hired into Tecnomatix Technologies Inc. in 2001, which specializes in Digital Manufacturing, focusing on part and process planning and validation through 3D simulations of robotics, assemblies, and ergonomics.  Tecnomatix Technologies Inc. was subsequently acquired by Siemens Industry Software.  It was through this acquisition that Diane began to expand into the aerospace, heavy machinery and finally Shipbuilding and US Navy Shipyard sustainment areas.  Over the past several years, Diane has assisted in defining and managing the implementation of the PLM solution in support of improving the shipbuilding and aerospace lifecycle management processes from construction to sustainment.  Diane also serves as lead for the Siemens PLM Veterans-ERG (Employee Resource Group).  


CHRIS ROOT 

Chris Root obtained his BS Aerospace Engineering in 1987 from San Diego State University. Upon graduation, he began working at NAVAIR’s In Service Support Center, FRC Southwest in San Diego, CA.  Over the next twenty years, Chris performed in a variety of leadership roles in the Structures Division supporting the fleet and depot production customers.  In 2008, Chris left the Structures Division Head Postion to develop and lead the Advanced Aircraft Technologies IPT.  This cross functional team of subject matter experts in aircraft sustainment challenges identifies and champions innovative, cost effective solutions, and new business development opportunities to meet the evolving needs of the Naval Aviation Enterprise.  It was in this new role that Chris championed an effort to designate FRC Southwest as a DoD Federal Lab and was appointed by the Commanding Officer as the Office of Research and Technology Applications (ORTA) where he is responsible for Technical Transfer (T2) functions, Cooperative Research and Development Agreements (CRADA), and Patent License Agreements. 
 
Richard J. Foley 

 Rick has over 30 years’ experience as an Electronics Engineer with Tobyhanna Army Depot (TYAD) with an extremely wide range of engineering assignments across the spectrum of fabrication, overhaul/repair, maintenance engineering, systems engineering to include extensive collaboration with Industry. In his current assignment, Rick serves as the subject matter expert for the Communications Electronics Command (CECOM), Logistics Readiness Center (LRC) Headquarters in the area of Product Lifecycle Management on the LRC’s Fleet Management Program. Fleet Management combines the Joint enterprise Product Lifecycle Management – Integrated Decision Environment (ePLM-IDE) Program with Condition Based Maintenance (CBM+) in a single business process, data management strategy and decision support environment for the extended enterprise. 
During Rick’s career, one of his significant contributions was as a technical resource to the Product Data Exchange using STEP (PDES) Inc. PDES Inc. is a collaborative Government and Industry organization that develops and is the national proponent of the Standard Exchange of Product Model Data (STEP), also known as International Standards Organization (ISO) 10303. STEP is an internationally standardized, neutral, way of transferring information between Computer Aided Design (CAD) systems regardless of the system. Rick is one of the authors of the Electronic Assembly, Interconnect and Packaging Design, Application Protocol (AP) 210, or ISO 10303-210, Edition 1 standard. 
Early in Rick’s career he was an agent for the Army CR (CECOM) Preparing Activity for Wire, Cable and Connector Standardization. 
Rick holds a Bachelor of Science in Electrical Engineering from the Pennsylvania State University along with a wide array of government certifications and training. 
[bookmark: Bio_4.0]Robert E. Kestler– Science & Technology Lead
Mr. Robert Kestler has held the position of Science & Technology Lead at Fleet Readiness Center - East (FRC East) within the Naval Air System Command (NAVAIR) since 2007.  He also serves as the liaison for the Fleet Readiness Centers to the Naval Aviation Enterprise Chief Technology Office.  In this capacity, Mr. Kestler is responsible for providing and overseeing the Science & Technology portfolio for the Fleet Readiness Centers, assisting in the implementation of new technologies, identifying new technology requirements for the FRCs, interfacing and collaborating with universities, private industry, DoD Laboratories, and other DoD services concerning Sustainment needs. Many of his current efforts are in the area of additive manufacturing, advanced composite repair, and corrosion. 
Mr. Kestler has held various in-service engineering roles during his twenty-two year tenure with NAVAIR.  Mr. Kestler earned a Bachelor of Science degree in Materials Science and Engineering from North Carolina State University in 1990 and a Masters of Business Administration from Boston University in 2001.  He began his professional career as a Materials Engineer in the Metal and Ceramics Branch at Fleet Readiness Center - East where he worked in the areas of failure analysis, welding, heat treating, and electroplating.  Mr. Kestler assumed the role of Inorganic Coatings Team Lead for FRC East in 2000.  In this capacity, he served as the senior engineer responsible for coordination of inorganic coating processes at FRC East with respect to coating application science, evaluation and development of new coatings and application technologies, and coordination of implementing technologies in Production.  He was responsible for the engineering and chemistry of inorganic coatings, corrosion protection, material compatibility, and the science of coating application with respect to substrate characteristics and the operating environment of military aircraft.  Mr. Kestler’s more notable efforts were his work with high velocity oxy-fuel thermal spray, cold spray, and alternative technologies to cadmium and chromium electroplating.  In addition he served as a subject matter expert in the area of inorganic coatings for the F-135 engine program.  

Cost (Cost and cost share are not scored, but will be considered as part of the overall value proposition of the proposal.)
	Calculated proposed costs, mindful of the reasonableness, realism, and affordability of those costs, including the quality and quantity of the project team’s cost share, specifically the degree to which the proposed cost share was of high value in terms of source, quality and applicability of any in-kind cost share to the performance of the project. [Cost share guidelines can be found at http://americamakes.us/images/publicdocs/Cost_Share_Form_rev061614.xls.]

	Demonstrated the value and credibility of the commitments in the included letters of commitment. (Federal funding is not eligible to be counted as cost share, however, consideration will be provided in the evaluation regarding the extent that other federal funding is leveraged.)

Special Consideration (Special Consideration is not scored, but will be considered as part of the overall value proposition of the proposal.)
	Leveraged the America Makes Innovation Factory to validate project results.


	Planned  to  entrust  equipment  (especially  unique,  state-of-the-art,  and/or  pre- production), provide materials for experimentation within the current equipment, and entrust personnel to do applied R&D within the America Makes Innovation Factory.
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