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1. BACKGROUND
Critical to any successful product development process is having the right knowledge at the right time to make the right decision. Early knowledge about product design and producibility facilitates informed decision-making about when and how to proceed and reduces the risk of costly design changes later in the product lifecycle when they are most expensive. 
Programs that follow a knowledge-based process have a higher probability of successful cost and schedule outcome. Problems occur when knowledge builds more slowly than commitments to proceed. If a decision is made to commit to manufacture a product before critical technology, design, and manufacturing knowledge is captured, problems cascade and may become unmanageable, cost and schedule increase, and performance and quality may be degraded.
A recent report1 by the Government Accountability Office (GAO) found that successful government and commercial enterprises separate technology development from product development. They insist that the technologies and resources necessary to satisfy customer requirements be mature and available before the onset of product development. They then employ a knowledge-based product development process to capture specific design and manufacturing knowledge about a product that corporate-level executives use to decide when and whether to proceed. 
The first phase of this process requires product design to be stable and shown to satisfy customer requirements before a decision to begin the manufacture of demonstration prototypes. Later knowledge that the product can be manufactured within cost, schedule, and quality targets provides the basis for making a full production decision with high confidence. The achievement of each successive knowledge point builds on the preceding one, giving decision-makers the knowledge they need, when they need it, to invest with confidence the significant additional funds necessary to move forward. The intent is to capture design and manufacturing knowledge early in product development when the cost to make changes is significantly lower. 
2. OVERVIEW 

FAA’s knowledge-based product development process (see Figure 1) is derived from the best practices of successful commercial and government enterprises. It begins after the final investment decision upon authorization of an investment program by the Joint Resources Council. At this point, the technologies and resources necessary to satisfy customer requirements should be available. If this were not the case, the initial investment decision should have been additional research or technology development, not entry into final investment analysis to plan the implementation of an investment program. 

_____________________________________________________________________________

1 GAO 02-701, Best Practices, Capturing Design and Manufacturing Knowledge Early Improves Acquisition Outcomes
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The FAA product development process consists of a product design phase and a product demonstration phase. The product design phase brings together and integrates all necessary technologies, components, and subsystems into a stable design that meets customer requirements. The product demonstration phase shows the product to be reliable and producible using proven manufacturing processes before entering production. 
Service organization executives make the decision to proceed from product design to product demonstration and from product demonstration to production. Each decision requires satisfaction of specific, knowledge-based criteria. When a program cannot meet the exit criteria for any development phase, entry into the following phase is delayed until the criteria are satisfied. 

Contracts for product development must be structured to (a) capture and use the knowledge necessary to establish a stable design that meets customer needs as a basis for deciding to invest in the manufacturing capability necessary to build demonstration prototypes, and (b) capture and use manufacturing and reliability knowledge as the basis for moving from product demonstration to production.
The product development process includes activities and tools that capture product knowledge and tie it to decisions about design and manufacturing maturity before making commitments that significantly affect resources. For example, during product design, service teams may require the contractor to simulate and test integration prototypes or use information from predecessor products to stabilize product design and identify critical processes. During product demonstration, service teams may invoke appropriate contract clauses and specifications requiring the contractor to show by demonstration or analysis that the product can be produced affordably and meet FAA reliability, maintainability, and availability (RMA) requirements. 
3. PRODUCT DESIGN PHASE
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3.1 Prescription
During the design phase, components and subsystems are integrated into a stable design that satisfies customer requirements. This knowledge comes in the form of a successful critical design review, including completion of engineering drawings and software development files. Best practices suggest that product design is essentially finished when at least 90 percent of engineering drawings are complete, including all key components and critical software paths. Engineering drawings and associated firmware or software reflect the results of testing and simulation and describe how the product should be built. When this knowledge is captured, the product is ready to enter the demonstration phase. 
Modeling, simulation, and integration testing are ways to demonstrate that product design satisfies customer requirements. If the developmental product is an incremental improvement to an existing product, virtual prototypes may suffice for components, subsystems, or systems being used for the first time. If the product includes significant new content or invention, fully integrated hardware and software prototypes may be required to demonstrate that the design meets customer requirements. Prototypes at this stage of development are usually not built in a production facility so the design can be demonstrated without costly investments in manufacturing equipment and tooling. 
3.2 Product Design Activities

Table 1 defines activities the service team must plan and execute to capture the design knowledge necessary for an executive decision to transition from product design to development and demonstration of a first-article. These activities are structured to achieve the following:
Knowledge: 

Design is stable and performs as expected
Decision: 
Product is ready for first-article demonstration 

Key indicator: 
Engineering drawings and software design are complete 
Table 1: Activities to Capture Stable Design Knowledge
	Activity: Limit design challenge


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Service team leader
	Implementation Strategy and Planning Attachment to the Exhibit 300 Program Baseline


	Vice Presidents (ATO) or Directors (non-ATO) of the implementing and operating service organizations


	Template for the ISP

	Discussion: A time-phased plan is structured to develop products in increments as technologies and other resources become available. The initial design challenge is limited to a product that can be developed and delivered quickly to provide the customer with needed capability. This plan is recorded in the Implementation Strategy and Planning Attachment to the Exhibit 300 Program Baseline.



	Activity: Conduct failure modes and effects analysis


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Contractor conducts

Service team oversees and evaluates


	Reliable product design
	Service team RMA member
	

	Discussion: Failure modes and effects analysis is a bottom-up approach that identifies and fixes potential hardware failure modes. It begins at the lowest level of product design and continues to each higher tier until the entire product has been analyzed. Using quality assurance audits and analysis, potential failure modes are identified so early design change can correct potential problems before hardware is fabricated, a more cost-effective way to identify and fix problems. 

The service team should apply failure modes and effects analysis to new hardware development and the modification of existing hardware. It is not used when product design is built upon unmodified commercial or non-developmental equipment.



	Activity: Establish RMA goals and growth plan


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Service team RMA specialist
	RMA goals and growth plan 


	Service team leader
	

	Discussion: Product reliability is the ability to perform over an expected period of time without failure, degradation, or need of repair. A RMA growth plan specifies how the product will be tested and redesigned until RMA requirements are achieved. Again, the service team should apply RMA growth planning to new hardware development and modified commercial and non-developmental equipment. When unmodified COTS and NDI are employed exclusively in product design, the service team must require the contractor to show through historical RMA data or analysis and demonstration that FAA contract requirements will be met.


	Activity: Identify key system characteristics and critical manufacturing processes


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Contractor identifies

Service team reviews and evaluates
	Key system characteristics

Critical manufacturing processes


	Service team leader supported by the RMA member
	

	Discussion: It is less costly to eliminate product variation by controlling manufacturing processes than to perform extensive inspection and rework after a product is built. Because thousands of manufacturing processes can be required to build a single product, design engineers identify key characteristics so manufacturing engineers can identify and control the critical manufacturing processes that influence product performance, service life, and reliability. Key product characteristics and critical manufacturing processes are noted on engineering drawings and work instructions released to production. 

When commercial or non-developmental equipment are proposed as the solution to mission need, the service team must require data from offerors during source selection that shows the proposed hardware will satisfy RMA requirements. 




	Activity: Complete critical design reviews


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Contractor provides design documentation and conducts design reviews 
Service team reviews


	Completed hardware and software critical design 
	Service team leader
	

	Discussion: The contractor presents sufficient documentation at the critical design review(s) to demonstrate that product design meets contract requirements and is ready to start first-article development and demonstration. The service team reviews and analyzes this documentation to determine whether this is the case. Critical design reviews are typically conducted sequentially, first product components, then sub-systems, and finally the complete design. 




	Activity: Agree that drawings and software design are complete 


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Service team stakeholder members 
	Agreement that drawings are complete and producible


	Service team leader
	

	Discussion: Product design is stable when stakeholders agree that engineering drawings are complete and the design will work and can be built. Engineering drawings are the best measure of hardware design stability because they are the language used by engineers to communicate to manufacturing the details about what a new product looks like, how its components interface, how it functions, how to build it, and what critical materials and processes are required to build and test it. The engineering drawing package released to production includes items such as the schematic of product components, logic block diagrams, interface control documents, software development files, a listing of materials, notations of critical manufacturing processes, and testing requirements. It is this package that allows the contractor to build the product in their facility. Agreement by stakeholders that drawings and software development files are compete and producible signify confidence the design will work and the product can be built. Stakeholders include design engineers, production personnel, and key vendor and subcontractor representatives.




	Activity: Demonstrate that design meets contract requirements


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Contractor demonstrates
Service team oversees and evaluates


	Models, simulation, or other means that demonstrate design meets contract requirements 
	Service team leader
	

	Discussion: The service team may instruct the contractor to demonstrate that product design meets customer requirements through modeling, simulation, or integration testing at the component or subsystem level. Such requirements must be planned well in advance and included in the prime contract for product development.



	Activity: Conduct executive-level review to authorize entry into product demonstration


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Service team leader
	Product Demonstration Decision Memorandum
	Vice President (ATO) or Director (non-ATO) of the implementing service organization


	Product design decision criteria

	Discussion: The service team leader presents the results of product design (i.e., critical design review results) to the Vice President (ATO) or Director (non-ATO) of the implementing service organization. The Vice President or Director, as appropriate, reviews product knowledge to determine if decision criteria have been satisfied and the program is ready to produce a first article unit(s)for use in product demonstration. Findings are recorded in a decision memorandum along with any required actions.




3.3 Product Demonstration Decision – Design is stable and satisfies customer requirements
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The product demonstration decision occurs at the end of product design once the design is stable and shown to satisfy customer requirements through a successful critical design review or other means. A key measure of design stability is when stakeholders agree that engineering drawings and software/firmware development files are complete. 

This decision point coincides with the need for a significant increase in investment since transitioning from product design to product demonstration typically involves the establishment of a supplier base, purchase of materials and software media/tools, development of tooling and a manufacturing base, development and building of a first-article(s), and testing in an operational environment. After passing this decision point, the cost of changing product design increases significantly. Therefore, it is essential to have a stable design now when it is significantly cheaper to make changes.
The decision authority must have documented proof that product design is stable and able to satisfy customer requirements, based on achievement of the following decision criteria, before approving the expenditure of the additional resources to develop first-article units and complete testing at an operational site:

Table 2: Product Demonstration Decision
	Decision Authority


	Decision Criteria

	Air Traffic Organization: The Vice President of the implementing service organization

Other Lines of Business: The Director of the implementing service organization
	· Key product characteristics are defined

· Stakeholders agree that product design and functionality satisfy customer requirements

· System design reviews are complete

· Engineering drawings are complete

· Detailed software/firmware design is complete, including critical software processes and threads 

· RMA goals are defined and planning is complete

· Failure modes and effects analysis is complete

· Critical manufacturing processes are identified


This executive review requires agreement from stakeholders that product design is producible and able to satisfy customer requirements. Stakeholders include design engineers, configuration managers, quality assurance, production personnel, and representatives from key subcontractors. Once the program achieves a stable design, the certainty of cost and schedule estimates increase substantially, allowing the balance of product development to be planned with high confidence. 
If the design team has not satisfied all decision criteria, other options are invoked such as canceling the investment program or delaying the decision until the criteria are met. Leadership revisits the decision when decision criteria are achieved. The product demonstration decision is recorded in a decision memorandum, as are any actions that must be completed, responsible officials, and due dates.

If this major milestone must be delayed, an appropriate adjustment is made to the end date of the development effort to avoid the compression of time allotted for the remainder of product development and to manage the risk that subsequent milestones will be missed. 

4. Product Demonstration Phase
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4.1 Prescription

The demonstration phase must show the product works as required in an operational environment and can be produced within quality and cost targets. The design is stable at this point so attention is focused on demonstrating operational capability, manufacturing processes, and product suitability. This knowledge comes in the form of successful operational testing and manufacturing data that show RMA goals can be achieved.
Testing in an operational setting is the best way to demonstrate product capability and suitability. The production and testing of first articles, as well as reliability data from subcontractors and suppliers, help to determine whether RMA goals will be achieved.  
The service team must require the prime contractor to: (1) demonstrate that manufacturing processes are repeatable, sustainable, and consistently producing components within quality tolerances and standards, and (2) test the product in an operational environment to demonstrate it satisfies customer requirements. 
4.2 Product Demonstration Activities
Table 3 defines the activities the service team must plan and execute to capture knowledge that will enable an executive decision to transition from product demonstration into production. These activities are structured to achieve the following:

Knowledge: 
Product meets customer requirements and can be produced within cost, schedule, and quality targets 

Decision: 

Product is ready for production and will be reliable 

Key indicator: 
Contractor and supplier processes are in statistical control and achieve contract RMA requirements 
Table 3: Activities to Capture Manufacturing Knowledge
	Activity: Determine whether manufacturing processes are in control and capable


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Contractor provides statistical process control information

Service team determines whether RMA requirements will be achieved

	Contractor and supplier processes are in statistical control
	Service team RMA member
	

	Discussion: Products that are fielded with defects may have degraded performance, and will exhibit lower reliability and increased operational cost. Statistical process control is used to track, control, and improve critical manufacturing processes before production actually begins in order to minimize defects that require product throwaway or additional resources for rework. 

Most FAA investment programs do not involve large production quantities and many employ commercial or non-developmental solutions. In addition, many prime contractors procure major product components and subsystems from other vendors. In these circumstances, the service team must require the prime contractor to demonstrate that equipment, components, and subsystems supplied by vendors or subcontractors have sufficient reliability, maintainability, and availability to enable the composite product to satisfy contract RMA requirements. The service team must also require the prime contractor to demonstrate that its own manufacturing processes are within sufficient statistical process control to achieve RMA requirements. 




	Activity: Conduct reliability growth testing


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Contractor conducts growth testing

Service team monitors and evaluates


	Reliable product design
	Service team RMA specialist
	

	Discussion: The service team applies RMA growth testing to new hardware development and modified commercial or non-developmental hardware. RMA growth testing is an iterative design, build, test, analyze, and fix process. Initial fabrication units will have inherent deficiencies. As they are tested, failures will occur and, in fact, are desired so product design can be made more reliable. The intent is for RMA to improve over time with design changes and improvements in manufacturing processes. The earlier this takes place, the less impact it will have on production costs. 


	Activity: Conduct operational testing


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Service team supported by the test specialist
	Operational test report
	Service team leader 

	

	Discussion: The primary objective of operational testing is to demonstrate that a new product is operationally suitable and effective for use in Natural Airspace System and that the infrastructure is ready to support the new product. Operational testing evaluates mission requirements, internal and external interfaces, RMA, and other factors such as safety, human factors, logistics, documentation, information and physical security, personnel, and training requirements.


	Activity: Conduct executive-level review to begin production


	Responsible Agent


	Product
	Approval Authority
	Tools and Aids

	Service team leader provides information
	Production decision memorandum
	Vice President (ATO) or Director (non-ATO) of the implementing service organization


	

	Discussion: The service team leader presents the results of product development to the Vice President (ATO) or Director (non-ATO) of the implementing service organization. The Vice President or Director, as appropriate, reviews product knowledge to determine if decision criteria have been satisfied and the program is ready to begin production. Findings are recorded in a product decision memorandum, which specifies required actions as well as the responsible agent and due dates. 


4.3 Production Decision - Product satisfies customer requirements and can be produced within cost, schedule, and quality targets
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The production decision occurs after the product is shown to have satisfied customer requirements in an operational environment and achieved contract RMA requirements. A key indicator is critical manufacturing processes that are in control and consistently producing items within quality standards and tolerances. A second key indicator is when product RMA is demonstrated through iterative testing to meet contract specifications. 
An executive-level review determines whether product development has progressed sufficiently for transition into full production. Executives require completion of the following decision criteria to make this determination. If the design team cannot satisfy all decision criteria, other options such as additional RMA growth are approved since unresolved reliability or manufacturing issues will increase production costs and operational failure.
Table 4: Production Decision
	Decision Authority


	Decision Criteria

	Air Traffic Organization: The Vice President of the implementing service organization

Other Lines of Business: The Director of the implementing service organization unless otherwise designated by the JRC at the final investment decision
	· First-article unit satisfies customer requirements in an operational environment

· First-article achieves contract RMA requirements

· Stakeholders agree design is producible 

· Data demonstrate that critical manufacturing processes and components will achieve RMA goals
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