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�FOREWORD





This Critical Process Assessment Tool (CPAT) is intended for application during the development of a solicitation, contract award and management of the acquisition through the end of the program. As a guide, it specifically addresses the critical process of design engineering, but should be used in conjunction with other  CPATs when working in an Integrated Product Team (IPT) environment. Just as the design engineering function must interact with other disciplines within the IPT, this CPAT fits within a framework of other CPATs. The figure below provides a depiction of the interrelationship of the CPAT structure.
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CPAT ARCHITECTURE





The Overview CPAT provides a description of the tool's format, guidance on its usage, and a overview of the acquisition process, so it should be consulted by the first time reader. The Program Management, Systems Engineering and Risk Management CPATs are the overarching CPATs for the IPT process and contain specific acquisition process information, integrating the processes of the other CPATs. In order to reduce redundancy, the reader will find that they are referred to throughout the other CPATs. 



The remaining CPATs address specific functions that input to the IPT process. While the focus is on individual functions, many interface with one another and therefore contain references to each other. 

�CRITICAL PROCESS ASSESSMENT TOOL (CPAT)



HARDWARE DESIGN ENGINEERING



SECTION 1.0  INTRODUCTION





1.1 DESCRIPTION OF THE DESIGN ENGINEERING CRITICAL PROCESS:



The design engineering process provides the means by which system requirements are converted into a detailed design, along with the documentation necessary to manufacture and test hardware.  The process encompasses all the engineering functions necessary to design a hardware product and verify its performance prior to product (flight) manufacturing.  This CPAT focuses on the design of spacecraft subsystems.  It does not include subsystems and equipment used in ground stations, or launch vehicles, however the processes are essentially the same.



The key spacecraft subsystem functions include:  1.)  electrical power generation, storage, conditioning, and distribution; 2.)  command, and data handling - which typically integrates communications between ground and space with spacecraft commanding, and telemetry and payload data downloading;  3.) spacecraft attitude/altitude determination and control;  4.)  spacecraft thermal control;  5.) vehicle structure and electromechanical devices such as gimbals, separation rings and deployment mechanisms;  6.) propulsion for orbit insertion, adjust, drag makeup, and attitude control.  Payloads have been excluded from this document. 



A simplified Hardware Design Engineering process flow chart appears below:
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1.2 CONTRIBUTION TO MISSION SUCCESS:



Design engineering converts systems engineering concepts into a series of products that are then assembled into an integrated spacecraft.  These products are either complete subsystems, such as electrical power or vehicle structure, or they are individual parts, assemblies, or components, such as reaction wheels, solar arrays, or transponders.  Generally, a number of parts, in the case of structure, or assemblies and components make up a subsystem.  



This conversion process requires a correct interpretation of requirements not only to satisfy mission performance, but also to ensure vehicle weight goals and electrical power budgets can be achieved.  When system life cycle cost is considered, it is desirable to minimize the cost of the launch system. The design engineer is then challenged to implement the most weight and power efficient designs.  This sometimes requires the use of unproved technology.



The engineering skills which generally make up the design engineering process at the subsystem level include: analysis, requirements synthesis, and technical insight.  Engineering skills at the equipment level include: analysis, design layout and drawing, breadboarding or brassboarding, and performance testing.  In addition, engineering management is necessary to control the overall design process.  



One must always bear in mind that a key ingredient to making this process successful is engineering creativity, which unfortunately can not be easily quantified.  Design concepts do not usually form as the result of solving equations or in computer printouts.  They are more a result of exposing design engineers to a constant flow of new problems to solve.



With regard to the product development phase, consider the following:



Concept Definition - the nature of this phase of the product development cycle generally consists of top level system requirements definition.  Little or no definition of system configuration, other than potential orbits or constellations sizes is established. Mission goals may be defined.  In this context, the design engineering function is minimal.



Program Definition and Risk Reduction (PDRR) - this phase of the product development cycle is characterized by system requirements trades and allocations.  In addition, system concept(s) are postulated and potential risk technologies or processes identified.  Risk mitigation activities may be initiated.  The completion of this phase is marked by a System Functional Review.  Design engineering usually participates at the subsystem level supporting definition of spacecraft concepts and identification of technology risks.  Certain risk mitigation activities may require full participation of design engineering.



Engineering Manufacturing Development (EMD) - this phase is initially characterized by the preliminary design of the system.  Design engineering provides the lead in subsystem definition, identification of all parts or equipment in each subsystem, and comparison of the performance of selected equipment with subsystem requirements. Breadboards may be built and tested to ensure design analyses are correct or to validate performance where analysis may be indeterminate. After a preliminary design review the detailed design process begins, culminating in manufacturing, integration, test, launch, and orbital operations. Design engineering turns concepts into products. The product design process ensures the end item will provide the performance desired and can be manufactured. Performance is validated by high fidelity analyses, and testing of engineering models. Complete and accurate documentation allows manufacturing to build the product as designed. Design engineering continues in a support role during manufacturing, integration and test, and subsequent to launch.  Typically, this role is problem solving in nature, however pre-planned product and process improvement (P4I) considerations allow constructive inputs.



Production - continued product improvement and production is the principal task in this phase of the program.  Design engineering typically plays a small role, generally supporting anomaly resolution and corrective action. Design engineeringÕs role reverts to those of EMD when product improvements have been identified, or when original equipment designs become obsolete and must be replaced.



Operations and Logistics Support (Support Services) - for space systems, this phase may run concurrent with the EMD and Production phases. Design engineering typically plays a small role, generally supporting anomaly resolution and corrective action.  Design engineeringÕs role reverts to those of EMD when product improvements have been identified, or when original equipment designs become obsolete and must be replaced.



Decommissioning and/or Disposal - design engineering does not typically play a role during this phase.



1.3 RELATIONSHIP TO OTHER TECHNICAL TASKS:



Most Ôcritical processÕ interfaces with design engineering occur during the detailed design phase of the development cycle.  Prior to detailed design, interfaces are usually limited to requirements definition and some conceptual design efforts to support Program Definition and Risk Reduction proposals.  Subsequent to detailed design, interfaces are typically formed to support problem identification, resolution, and corrective action.  Interfaces take the form of critical process(es) (functions) which input to design engineering and/or which receive design engineering outputs.  The nature of these inputs and outputs can be process or document oriented.  The following tables list the principle interfaces to design engineering for each program acquisition phase.  Incidental interfaces have not been included.



Concept Definition : Not Applicable



INPUT

INTERFACE

Critical Process Which Interfaces to Design Engineering�



Nature of Input�OUTPUT 

INTERFACE

Critical Process Receiving Design Engineering Output�



Nature of Output�

Applicable Procure-ment Phase��Systems Engineering (or Subsystem Engineering)�Performance Requirements Flowdown, Specification Review�Systems Engineering (or Subsystem Engineering) �Equipment Specifications�PDRR��Quality Assurance�QA Requirements, Specification Review�Systems Engineering (or Subsystem Engineering)�Equipment Specifications (Section 3.3)�PDRR��Other Specialty Engineering Processes�Any Unique Specialty Engineering Requirements which may be identified as risk, Specification Review�Systems Engineering (or Subsystem Engineering)�Equipment Specifications (Section 3.3)�PDRR��Configuration Management�Design Baseline�Configuration Management�Engineering Change Requests�EMD (pre-PDR)��Procurement Management�Supplier, Subcontractor Proposals�Procurement Management�Proposal Reviews, Input to Source Selection Boards�EMD (pre-PDR)��Systems Engineering (or Subsystem Engineering)�Requirements Flowdown, Interface Definition�Systems Engineering (or Subsystem Engineering)�Results of Performance Analyses, Interface Verification, Technical Performance Measurements (TPM)�EMD (pre-PDR)��Program Office�Budget, Program Milestones�Program Office�Budget/Forecast Expenditure Plan, Schedules, Staffing Plan, Engineering Change Proposals�PDRR, EMD, Product-ion, Operat-ions and Logistics Support��Quality Assurance�QA Inspection Requirements, Design Review, Material Review Board Corrective Actions, Drawing Review�Quality Assurance�Assembly and Detail Drawings, Technical Support to Material Review Board�EMD (post- PDR)��Manufacturing�Design Review, Detailed Drawing Review, Manufacturing Processes Review, Process Qualification Data�Manufacturing�Assembly and Detail Drawings, List of Parts and Materials, List of Manufacturing Processes, Test Requirements �EMD (post- PDR)��Procurement Management�Parts, Assemblies, and Units for Engineering Models�Procurement Management�Subcontract Technical Support�EMD (post- PDR)��Parts, Materials, and Processes�Selected Parts, Material, and Process Approval�Parts, Materials, and Processes�Parts and Materials Data�EMD (post- PDR)��INPUT

INTERFACE

Critical Process Which Interfaces to Design Engineering�



Nature of Input�OUTPUT 

INTERFACE

Critical Process Receiving Design Engineering Output�



Nature of Output�

Applicable Procure-ment Phase��Reliability Engineering�Coordinated Corrective Actions from Test Failure Review Board, Design Review, FMECA, Reliability Predictions�Reliability Engineering�Technical Support to Test Failure Review Board, Design Data�EMD (post- PDR)��Other Specialty Engineering Processes�Design Review�Other Specialty Engineering Processes�Design Data�EMD (post- PDR)��Configuration Management�Product Baseline, Configuration Control Board Actions�Configuration Management�Engineering Change Requests�EMD (post- PDR)��Systems Engineering (or Subsystem Engineering)�Interface Control Documentation�Systems Engineering (or Subsystem Engineering)�Performance Budgets, Technical Performance Measurements (TPM)�EMD (post- PDR)��Assembly and Test (A&T)�Subsystem Test Data�Assembly and Test (A&T)�Technical Support, Test Requirements�EMD (post- PDR)��Quality Assurance�Material Review Board Corrective Actions�Quality Assurance�Technical Support to Material Review Board�Product-ion, Oper-ations and Logistics Support��Manufacturing�Unit Test Data�Manufacturing�Technical Support�Product-ion, Oper-ations and Logistics Support��

Reliability Engineering�

Coordinated Corrective Actions from Test Failure Review Board�

Reliability Engineering�

Technical support to Test Failure Review Board�



Production, Oper-ations and Logistics Support��Configuration Management�Configuration Control Board Actions�Configuration Management�Engineering Change Requests�Product-ion, Oper-ations and Logistics Support��Assembly and Test (A&T)�Subsystem Test Data�Assembly and Test (A&T)�Technical Support�Product-ion, Oper-ations and Logistics Support��

Decommissioning and/or Disposal: Not Applicable





1.4  STRUCTURE OF THE CPAT



Sections 1 and 2 of this CPAT are organized by program phases as defined in DoD Instruction 5000.2-R.



The user of this CPAT need only review Section 1 and the paragraphs in Section 2 related to the procurement phase of interest. Each procurement phase has been written to stand alone.  Section 3 provides criteria and questions for understanding the objectives of Section 2.     





	The general structure of this CPAT follows the logic flow shown in the following figure.  As an example, the top headings are arranged under the major Functional Areas of: "Design Management (FA 17.1.0)", "Design Engineering (FA 17.2.0)" and "Design Operations (FA 17.3.0)" respectively. The subordinate Critical Capability Areas then address each of the sub-elements: "Design Responsibility (CCA 17.1.1.1)", "Integration/Liaison (CCA 17.1.1.2)" and so on.  Section 3.0, "Detailed CPAT Criteria and Questions" follows the same format, with relevant  Critical Criteria and supporting questions, if necessary to develop the critical criteria further, listed for each of the 17.X.X.X sub elements.  The reader may use the figure as an index to find the required critical process for a review to the level of detail necessary to understand the subject at hand. 
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1.5 DEFINITIONS:



	The Program Management CPAT contains an appendix with a glossary of common definitions and acronyms,. A glossary of terms unique to the design engineering function is located in Appendix A.



1.6 APPLICABLE DOCUMENTS:



Acquisition Reform policy limits the mandatory application of compliance documents with the exception of those required for safety and interface control. Most military standards and specifications have been converted to a performance based specification or non-government document, or in many cases, cancelled. Consult the home page of the DoD Single Stock Point for Specifications and Standards for the current Index of specifications and standards.





1.7 ADDITIONAL SUPPORT:  SMC/AXME; Extension 32406



�2.0  APPLICATION



2.1  SYSTEM PERFORMANCE REQUIREMENTS DOCUMENTS



The system performance specification defines requirements at the highest level of assembly of the system being procured.  These requirements must be allocated to lower levels of assembly in order for the design engineer to have sufficient insight into the need for his specific product.  The result of the allocation process is a specification which defines as a minimum: functions; performance; interfaces and physical characteristics.  Standard formats for this type of specification can be found in Mil-Std-490.  In theory the design engineer is the recipient of this specification.  In fact, he or she usually contributes significantly to the creation of the product specification.  Section 2.1 of the System Engineering CPAT gives useful information about the content of the system performance specification and its origins.  



2.2  CRITICAL PROCESS OBJECTIVES



The objectives for design engineering are identified by program acquisition phase.  These objectives are based upon the goals defined in Section 1.2 for each program phase.



2.2.1  Concept Definition:  Not Applicable



2.2.2  Program Definition and Risk Reduction (PDRR):  This phase of acquisition is characterized by risk mitigation.  Design engineeringÕs function is to provide the lead in assuring that performance, configuration, and environmental requirements can be met while reducing risk.  In general, selection of the least risky approach to satisfy all requirements is the most desirable.  In addition to perform within a specified environment, requirements considerations also includes product reliability and quality, producibility, testability, and reproducibility.



2.2.3  EMD (pre-PDR):  This phase of acquisition is characterized by preliminary design.  Design engineeringÕs function is to provide the lead in assuring that performance, configuration, and environmental requirements are met.  Performance within a specified environment must be designed into the product. Requirements considerations also includes product reliability and quality, producibility, testability, and reproducibility.



2.2.4  EMD (post-PDR):  This phase of acquisition is characterized by detailed design, manufacturing, assembly and test.  Design engineeringÕs function is to provide the lead in assuring that performance, configuration, and environmental requirements are met.  Empirical demonstrations of performance become a key aspect of this phase of procurement. Requirements considerations also includes product reliability and quality, producibility, testability, and reproducibility.



2.2.5  Production:  This phase of acquisition is characterized by manufacturing, assembly and test.  Design engineeringÕs function is to support manufacturing, and assembly and test in assuring that production problems related to design are corrected.  Pre-planned Product and Process Improvements (P4I) are also emphasized.



2.2.6  Operations and Logistics Support (Support and Services):  This phase of acquisition is characterized by manufacturing, assembly and test.  Design engineeringÕs function is to support manufacturing, and assembly and test in assuring that production problems related to design are corrected.  Pre-planned Product and Process Improvements (P4I) are also emphasized. 



2.2.7  Decommissioning and/or Disposal:  Not Applicable to Design Engineering



The objectives for these phases include: 





Acquisition Phase�

Objective

��PDRR, EMD�design-to-requirements - this procedure ensures a product which meets the overall requirements for a specified cost;  it minimizes the risk of over-designed products and excess costs

��PDRR, EMD�design-in reliability, robustness, and margins - reliability is a design parameter;  if it is not designed in, it can not be manufactured or tested in later; robustness and margins are necessary to ensure performance in unanticipated environments

��PDRR, EMD�design-in quality, producibility and testability

��EMD (pre-PDR)�document preliminary design - including analyses, specifications, drawings, etc.

��EMD (post-PDR)�document detailed design - including analyses, specifications, drawings, etc.

��EMD�effectively control the configuration of the design - ensures that follow-on products satisfy the same requirements as the first article

��EMD�perform comprehensive design reviews

��EMD, Production, Operations and Logistics Support�corrective action identification and implementation - ensure that problems identified and resolved during manufacturing, and assembly and test are corrected for all future production runs

��EMD, Production, Operations and Logistics Support�lessons-learned feedback - ensure that the learning process is continued and past results are incorporated into new or improved products and processes��





2.3  INFORMATION DELIVERABLES



Current Air Force policy is to minimize the number and cost of CDRL items required by the contract to those directly required by policy or essential because of program risk.  With the exception of drawings on certain programs where reprocurement data is required, or product production can be transferred between contractors, no CDRLs should be required from design engineering.  However, design engineering does contribute to other CDRLs.  The following table summarizes these inputs.



�CDRL�ACQUISITION PHASE�DESIGN ENGINEERING INPUT��Design Review Presentation Material�Concept Definition:



Program Definition and Risk Reduction:





EMD (pre-PDR):













EMD (post-PDR):

















Production:





Operations and Logistics Support:

Decommissioning and/or Disposal:�N/A



Requirements vs. capabilities;

initial analyses; conceptual layouts; preliminary equipment list.

Updates to Program Definition and Risk Reduction; preliminary analyses including static loads, thermal conduction, weight, power, and performance; design layout drawings; breadboard test data.

Detailed analyses including updated static, dynamics, updated thermal conduction and radiation, circuit analyses, derating and worst case; drawings including assembly and details, parts and material lists, engineering model test data.

Updates to EMD for product obsolescence and improvements.

Updates to EMD for product obsolescence and improvements.

N/A��Cost Performance Reports�All phases�Budget and forecast expenditure plans; earned value; variance reports.��Integrated Master Schedule�All phases�Detailed schedules; schedule revisions.��Engineering Change Proposals�All phases�Technical details of design change; cost estimate, basis of estimate and task descriptions.��





2.4  RFP REQUIREMENTS (Section L)



2.4.1  Concept Definition:  Not applicable



2.4.2  Program Definition and Risk Reduction:



Technical Volume:  no input 



Management Volume:  no input    



Integrated Master Plan



In an IMP narrative:



The offeror shall describe how design engineering is integrated into the IPT structure and the design engineering process to be used for the proposed program.



Integrated Master Schedule



no input





2.4.3 EMD:



Technical Volume:



The offeror shall include in his proposal a summary description of the design engineering that has been accomplished to date.  This description shall indicate to the buyer what the level of product maturity is prior to the start of the program.  Any discussion should include the details of available analytical or empirical data which verify the status of qualification of the bus structure and all units including deployment mechanisms, sensors, batteries, antennas, or electronic blackboxes.

  

For example, if the proposed design has already flown in another program, the summary description should address any differences between the orbit and environment for that mission and the mission being proposed.  If there is sufficient margin in the proposed design to ensure qualification for orbital or environmental conditions outside the proven flight envelope, it should be discussed.  If not, a description of how the design will be changed and requalified shall be included. 



If the proposed design has not previously flown, the discussion should include a comparison of expected environmental conditions with the results of any analyses or engineering tests of the proposed design.  In addition, a description of the qualification program shall be discussed here. 



Management Volume:  no input    



Integrated Master Plan



In an IMP narrative:



The offeror shall describe: how design engineering is integrated into the IPT structure; and the design engineering process to be used for the proposed program.





Integrated Master Schedule



no input



2.4.4  Production



Technical Volume:



The offeror shall include in his proposal a summary description of the design engineering that has been accomplished to date.  This description shall indicate to the buyer what the level of product maturity is for any block changes.  Any discussion should include the details of available analytical or empirical data which verify the status of qualification of the bus structure and all units including deployment mechanisms, sensors, batteries, antennas, or electronic blackboxes.

  

If the proposed design has not previously flown, the discussion should include a comparison of expected environmental conditions with the results of any analyses or engineering tests of the proposed design.  In addition, a description of the qualification program shall be discussed here. 



Management Volume:  no input    



Integrated Master Plan



In an IMP narrative:



The offeror shall describe: how design engineering is integrated into the IPT structure; and the design engineering process to be used for the proposed program.



Integrated Master Schedule



no input





2.4.5  Operations and Logistics Support (Support and Services):



Technical Volume:



The offeror shall include in his proposal a summary description of the design engineering that has been accomplished to date.  This description shall indicate to the buyer what the level of product maturity is for any block changes .  Any discussion should include the details of available analytical or empirical data which verify the status of qualification of the bus structure and all units including deployment mechanisms, sensors, batteries, antennas, or electronic blackboxes.

  

If the proposed design has not previously flown, the discussion should include a comparison of expected environmental conditions with the results of any analyses or engineering tests of the proposed design.  In addition, a description of the qualification program shall be discussed here. 



Management Volume:  no input    



Integrated Master Plan



In an IMP narrative:



The offeror shall describe: how design engineering is integrated into the IPT structure; and the design engineering process to be used for the proposed program.



Integrated Master Schedule



no input



2.4.6  Decommissioning and/or Disposal:



Not applicable

�SECTION 3.0 DETAILED CPAT CRITERIA AND QUESTIONS







FA 17.1  Design Management

CCA 17.1.1  Organization

CC 17.1.1.1  Responsibility



C1  Responsibility for product development is delegated to each product IPT by the program manager.  Individual IPT leaders accept responsibility for the entire product development process including design.



	Q1 Does each subsystem have a responsible individual assigned to 	perform overall subsystem engineering?

	Q2 Does this individual report directly to the spacecraft IPT leader?



FA 17.1  Design Management

CCA 17.1.1  Organization

CC 17.1.1.2  Integration/Liaison



C1  The design function interfaces with other program and design functions.  Interfaces take the form of inputs to design and outputs to other functions from design.  The nature of the

inputs to design include:	

	a.  performance requirements flowdown from system 	engineering

	b.  design criteria from quality assurance and specialty engineering

	c.  budget and program milestones from program management

	d.  producibility criteria from manufacturing

	e. product data from subcontractors, suppliers, and vendors 



The nature of the outputs from design include:

	a.  budget and expenditure forecast plans to program 	management

	b.  product development schedules to program management 

	c.  design data to specialty engineering

	d.  bills of materials and drawings to manufacturing 

	e.  test requirements to test engineering

	

	Q1:  Is design engineering working to a documented set of 	requirements?

	Q2:  Has design engineering developed specifications from requirements 	of the system development specification?

	Q3:  Do these specifications provide a complete description of the 	subsystem or equipment to be developed?



	Q4:  Is the status of TBDs monitored to the extent that all will be 	eliminated 	in a timely manner?

	Q5:  Does the design function have a budget consistent with the product 	to be developed?

	Q6:  Has the design function developed schedules consistent with the 	product to be developed?

	Q7:  Does design engineering maintain active, cooperative  interfaces 	with specialty engineering, manufacturing, and quality assurance 	throughout the design process?

	Q8:  Does the design function provide status on its forecasts at least 	monthly?  Is progress being made?

	Q9:  Are development schedules statused and updated at least monthly, 	or consistent with the timing of critical milestones?

	Q10:  Does the design function produce accurate documentation for the 	product to be manufactured and tested?





FA  17.1  Design Management

CCA  17.1.2  Planning and Control

CC  17.1.2.1  Budget and Schedule Planning



C1  Schedules and budget expenditure plans provide an analytical means for tracking design progress.



	Q1:  Are schedules and design expenditure plans prepared? 

	Q2:	Are critical paths identified in schedules prior to the start of 	design?

	Q3:  Do the responsible design engineers prepare their own schedules 	and expenditure plans?





FA  17.1  Design Management

CCA  17.1.2  Planning and Control

CC 17.1.2.2  Statusing



C1  Schedules and budget plans are assessed on a regular, periodic basis to establish a meaningful estimate of progress.



	Q1:  Are schedules updated and assessed periodically?

	Q2:  Are design costs tracked and assessed against the expenditure 	plan periodically?















FA  17.1  Design Management

CCA  17.1.3  Risk Management

CC  17.1.3.1 Identification and Control



C1  A concentrated effort is made to identify all technical risks associated with the design approach.



	Q1:  Is technical risk considered in trade studies and the equipment 	selection process?

	Q2:  Early in the design process does the contractor identify where 	breadboards or engineering models will help mitigate risk?

	Q3:  Is technical risk considered in make/buy decisions?

	Q4:  Does design engineering provide the systems engineering risk 	management process with technical risk data?



C2  A concentrated effort is made to identify all schedule and cost risks associated with the design approach?



	Q1:  Do schedule or cost variances reflect more difficult technical issues 	than initially anticipated?

	Q2:  Do schedule or cost variances reflect changing requirements or 	design baselines?

	Q3:  Is there a formal approach to corrective action?





FA  17.2  Design Engineering

CCA  17.2.1  Requirements

CC 17.2.1.1  Review/Allocation



C1  System requirements are decomposed and allocated to subsystems.



	Q1: Are sensitivity (parametric) analyses and trade studies used as the 	means to identify key technical requirements?

	Q2: Are requirements that are budgeted across and/or within subsystems 	tracked for control purposes?

	Q3:  If they allocated to individual equipment, are they tracked and 	controlled?



C2  Subsystem and/or equipment level specifications provide the means for clearly identifying, tracking,  and documenting requirements allocations?



	Q1: Has a functional definition of each subsystem and/or unit been 	established?

	Q2:  Are all performance requirements identified?



	Q3:  Have all interfaces been identified and clearly defined?

	Q4:  Have interface control documents and/or interface control drawings 	been developed?

	Q5:  Are there specific design related criteria associated with this 	subsystem or equipment?

  	Q6:  In what environments must the subsystem or equipment operate 	(environments may include atmospheric, transportation and launch, 	electromagnetic, natural space radiation, and weapons radiation)?  Have 	these environments been defined?

	Q7:  Is the subsystem or equipment availability, dependability, or 	reliability specified?

	Q8:  Is the level of EEE parts quality specified? 

	Q9:  Has a verification process been identified which will ensure all 	requirements have been met prior to ÒdeliveryÓ of the subsystem or 	equipment?

	Q10:  Are all requirements verifiable by visual, analytical, or test means?





FA  17.2  Design Engineering

CCA  17.2.1  Requirements

CC 17.2.1.2  Change Control



C1  Change control during the product development process ensures product traceability and uniformity subsequent to production startup.



	Q1:  Is there a process in place during design to ensure control of 	product changes?





FA  17.2  Design Engineering

CCA  17.2.2  Analyses

CC  17.2.2.1  Concept Identification



C1  Identification of a specific design concept leads to a ÒbestÓ solution in terms of meeting requirements at the lowest cost.



	Q1:  Has a thorough survey of off-the-shelf equipment been conducted?

	Q2:  Have pending, or previously conducted R&D activities been 	considered?



C2  A formal process of evaluation of equipment choices ensures ÒbestÓ solution with minimum risk.



	Q1:  Have trade studies been performed to select the equipment?

	Q2:  Do trade studies consider: cost and schedule risks; reliability; and 	design robustness, in addition to performance?

	Q3:  Does the contractor have a process for make/buy decisions?



C3  Preliminary assessment of subsystem performance validates the design concept selection.



	Q1:  Are simulations and/or deterministic assessments used to ensure all 	key requirements can be met at the subsystem level?

	Q2:  Are analyses performed to identify robustness of the design 	concepts?

	Q3:  Are engineering breadboards developed and tested to validate 	functional concepts or requirements unable to be validated by analysis?





FA  17.2  Design Engineering

CCA 17.2.2  Analyses

CC  17.2.2.2 Design Analyses



C1  Analyses are performed to ensure key requirements can be met for the environments specified.



	Q1:  Has each aspect of the design (i.e., mechanical, electrical, optical, 	RF, etc.) been analyzed to determine nominal performance 	characteristics, robustness, and operating limits?

	Q2:  Are these analyses documented, including methodology and 	analytical results?

	Q3:  Do they consider environmental extremes and equipment lifetime?

	Q4:  Is there any empirical engineering data available to support the 	results?

	Q5:  Have breadboards been built and tested to validate expected 	performance capabilities?





FA  17.2  Design Engineering

CCA 17.2.3  Monitoring

CC 17.2.3.1  Design Reviews



C1  At logical stages in design development a formal or informal independent review ensures design integrity, and minimizes technical, cost and schedule risks.

	Q1:  Does the contractor have a review process in place which assesses 	all design engineering activities in a timely manner?

	Q2:  Does management perform a formal review of each specific design 	prior to detailed design?

 	Q3:  Do these reviews assess the validity of trade studies, analyses, risk 	determination?

	Q4:  Are requirements compared to expected performance?

	Q5:  Are block diagrams available which clearly identify all equipment (or 	subsystem) functions?

	Q6:  Is there an action item process which provides closure on design 	review issues?

	Q7:  Does the contractor continuously review his design process for 	possible improvements?

	Q8:  Are engineering design standards or criteria documented and 	approved by company management?

	Q9:  Are they periodically reviewed and updated for currency and 	lessons-learned?

	Q10:  Is there continuous training in place to develop and mature design 	engineering personnel?

	Q11:  Are design analysis tools and simulations validated with empirical 	data?





FA  17.3  Design Operations

CCA  17.3.1  Detailed Design

CC  17.3.1.1  Product Design



C1  Product Design converts preliminary engineering designs into documentation that manufacturing can use to produced flight hardware.



	Q1:  Have equipment specifications been developed, approved, and 	baselined?

	Q2:  Are equipment specifications included in the design review 	process?

	Q3:  Are equipment specifications released through some type of 	configuration management system prior to the beginning of the product 	design process?

	Q4:  Have engineering design layouts of each type of equipment been 	developed?

	Q5:  Has a drawing list been generated?

	Q6:  Have all parts and materials selected for this product been 	approved prior to use?

Q7:  Have all appropriate product analyses been performed and 	completed?

	Q8:  Have static and dynamic mechanical analyses been performed to the 	assembly or subassembly level?

	Q9:  Have thermal analyses been performed to the part level?

	Q10:  Have all electrical circuit analyses been performed?

	Q11:  Have all electronic parts been derated for electrical and radiation 	stress?

	Q12:  Have appropriate factors of safety and/or design margin been 	included in mechanical designs?

	Q13:  Have all appropriate worst case analyses been performed?



C2  Complete product documentation ensures manufacturing repeatability. 



	Q1:  Have assembly and detailed drawings been developed?

	Q2:  Have manufacturing tolerances been established?

	Q3:  Have all manufacturing process documents been identified and 	called 	out by relevant revision?

	Q4:  Are these drawings approved by the appropriate levels of 	management?

	Q5:  Are these drawings released through a configuration management 	system?

	Q6:  Have these drawings been reviewed as part of a design review 	process?

	Q7:  Has a product bill of materials been identified and documented?



C3 Breadboards or engineering models ensure new designs meet requirements and help the transition into product production.



	Q1:  Are these demonstrations built to flight drawings?

	Q2:  Do engineering models validate manufacturing processes?

	Q3:  Is sufficient testing performed to identify design related problems?  	Lifetime issues?

	Q4:  Are engineering models tested to ensure electromagnetic 	compatibility?

	Q5:  Is a corrective action process in place to update design based on 	engineering test data?



C4  Design constraints should be considered an integral part of the design process.  Some top level examples are identified by subsystem.



(Electrical power generation, storage, conditioning, and distribution)



	Q1:  Are the solar arrays sized taking into consideration lifetime 	degradation due to thruster contamination, solar, galactic, and Van Allen 	Belt radiation, weapons radiation (when appropriate), and atomic oxygen 	in low earth orbit?

	Q2:  Has the design engineer considered the effect of power switching 	on EMI/EMC?

	Q3:  Have batteries been sized to consider the total number of 	charge/discharge cycles over the system lifetime?

	Q4:  Have the power buses been sized for maximum load limits with 	margin?

	Q5:  Are fuses or resetable circuit breakers in the design to protect the 	solar arrays and batteries in the event of a short circuited load? 

	Q6:  Does the design have a redundant power bus?

	Q7:  Is overcurrent protection included to protect power conversion and 	distribution electronics?

	Q8:  Are overvoltage and undervoltage limits specified and regulated?

	Q9:  Is there adequate thermal control of the batteries (entire battery 	module, and also cell to cell)?



(Command and Data Handling)



	Q10:  Are on-board computer processing and throughput capabilities 	sized to meet command and data processing timelines and rates with 	adequate margin?

	Q11:  Does the communications link design have at least 3 dB margin 	under worst case conditions?

	Q12:  Are electronic units protected from over/undervoltage conditions 	from the power bus?

	Q13:  Is overcurrent protection provided for current sensitive circuits?

	Q14:  Are common terminal and serial I/O interfaces provided for in the 	design?  Are the interfaces to GFE or existing equipment defined by 	standards?

	Q15:  Has EMI/EMC been considered in the designs?



(Attitude/Altitude Determination and Control)



	Q16:  Does the design allow for accuracy/knowledge of attitude 	determination which will satisfy the requirements for spacecraft pointing?

	Q17:  If altitude is determined by GPS, is P code accuracy sufficient for 	satisfy any payload requirement for ephemeris?

	Q18:  If the design implements magnetic torquers and reaction wheels for 	attitude control:

	Q19:  are the reaction wheels sized to induce sufficient torque based on 	the spacecraft mass and moments of inertia?

	Q20:  are the torquers sized sufficiently to unload worst case torques?

	Q21:  is there sufficient resolution between torquing and unloading to 	satisfy spacecraft pointing requirements?

	Q22:  Has the lifetime requirement of the selected reaction wheel design 	been proven by previous flight experience or life-testing?

	Q23:  If a charged coupled device (CCD) startracker has been selected 	for attitude determination, has total dose and prompt dose (if applicable) 	radiation been considered when evaluating itÕs lifetime?

	Q24:  Has electronic equipment been designed to be protected from 	over/under voltages from the power bus?

	Q25:  Has overcurrent protection been provided for current sensitive 	circuits?







(Thermal Control)



	Q26:  If thermal control is based on discrete temperature sensors and a 	central processor, have sanity checks been designed into the control 	software to prevent erroneous sensor signals from causing an over-	temperature condition from occurring?

	Q27:  Does the design of the thermal insulation blankets provide for 	adequate grounding (low impedance) to eliminate space charge 	buildups? 

	Q28:  Are heaters sized and positioned to maintain spacecraft 	temperatures as required by environmental conditions?



(Structure and Electromechanical Devices)



	Q29:  Is a single point ground being utilized for both electrical power and 	electronic signals?

	Q30:  If the structural design uses Aluminum honeycomb with composite 	facesheets, and is untested, is a test article planned to verify structural 	dynamics models associated with acoustic vibrations?

	Q31:  Is there adequate life data on all electromechanical mechanisms?

	Q32:  Have new design cable wraps been lifetested?

	Q33:  Do all motors have redundant windings?

	Q34:  Has stiction been considered when sizing motor torque?

	Q35:  Are materials selections compatible with outgassing and 	contamination requirements?

	Q36:  If microswitches are used to initiate and restrict deployment 	mechanism and gimbal motion, are they redundant?

	Q37:  If microswitches are used to indicate deployment motion has 	started or is complete, are they redundant?

	Q38:  Are satisfactory test objectives defined to ensure electromechanical 	mechanisms will operate on-orbit?

	Q39:  Are harness service loops routed such that it is impossible for them 	to become pinched or snagged by deployed structures? 

	Q40:  Is there adequate thermal control of fluid structural dampers?

	Q41:  Do layouts of thermal blankets provide adequate clearance with 	deployed structures? 

	Q42:  Has blanket motion from launch vibration been considered when 	clearances have been determined?

	Q43:  Do the designs of all moving surfaces include a means of 	lubrication, regardless of load on friction compatible surfaces?

	Q46:  Have the designs of caging devices precluded relative motion 	between clamped surfaces when subjected to shipment or launch 	vibration?

	Q47:  Have brushless DC, permanent magnet DC, or brushless DC 	stepper motors been selected as the motors of choice for space 	applications?

	Q48:  Is the use of brush type motors prohibited in the design of 	spacecraft hardware?

	Q49:  Have the following criteria been considered when designing a 	mechanism:



	-	size

	-	weight

	-	power

	-	temperature limits

	-	launch locking

	-	life

	-	redundancy

	-	alignment

	-	zero G testing

	-	direct vs. geared drive

	-	position accuracy and repeatability

	-	disturbances

	-	launch loads



	Q50:  Have bearing designs taken into account maximum Hertzian 	contact stress?

	Q51:  Have amplification (Q) factors been taken into account when 	estimating launch loads at various mounting points on the structure?

	Q52:  If explosive bolt cutters are to be used, does the design provide 	sufficient provisions for capturing all ejected debris?

	Q53:  Is an engineering model planned for all deployed appendages?

	Q54:  Are the selected designs individually testable and reusable rather 	than statistically qualified to pass/fail criterion?



(Propulsion)



	Q55:  Has the propellant load been sized to 3 sigma limits taking into 	consideration all mission scenarios?

	Q56:  Are pressure tanks designed to appropriate factors of safety 	(typically 1.5 times maximum expected operating pressure)?

	Q57:  Has a plume impingement analysis been performed?

	Q58:  If the design is bipropellant, is there positive controls for 	preventing the fuel and oxidizer from mixing upstream of the tanks (hint: a 	tank bladder is not good enough)?

	Q59:  Does the design provide for sufficient thermal control of tanks and 	lines to prevent propellant freezing?

	Q60:  Does the design have means for thermally isolating the thrusters 	or engines from the spacecraft structure?







(Harnesses)



	Q61:  Are harnesses designed to prevent the possibility of mismating connectors?







FA  17.3  Design Operations

CCA  17.3.2  Testing

CC  17.3.2.1  Qualification Test Support



C1  A product qualification process ensures satisfactory performance within specified environments.  Although it usually performed by manufacturing, design engineering plays a close supporting role in this process.



	Q1:  Are qualification units manufactured to production standards and 	processes using production parts and materials?

	Q2:  Are test plans and procedures for qualification units reviewed and 	approved by design engineering?

	Q3:  If prototype qualification is planned, is hardware refurbishment 	anticipated?

	Q4:  Has design engineering identified specific criteria for refurbishment?

	Q5:  Does testing of qualification hardware apply sufficient stress to 	each unit to ensure operation under worst case conditions?

	Q6:  Does design engineering provide real-time support during the 	qualification 	process?

	Q7:  Does design engineering participate in failure review boards?







FA  17.3  Design Operations

CCA  17.3.3  Production Support

CC  17.3.3.1  Corrective Action



C1  Design engineering ensures that issues associated with the productÕs performance or design  are corrected before it is received by the customer.



	Q1:  Does design engineering provide sufficient support to production 	when product discrepancies are identified?

	Q2:  Is a modest level of design engineering support planned into the 	production budgets to support corrective action?

	Q3:  Is design engineering a member of material review or failure review 	boards, when appropriate (note: not all problems are associated with 	design.  Some can be resolved solely by manufacturing and QA)?

	Q4:  Does design engineering participate in product corrective action 	decisions, when appropriate?

	Q5:  Does design engineering review all corrective actions prior to 	implementation?











FA  17.3  Design Operations

CCA  17.3.3  Production Support

CC  17.3.3.2  Product Improvement



C1  In addition to correcting potential product performance shortcomings, design engineering support during production can also enhance product performance, cost, or quality.



	Q1:  Is at least a modest level of design engineering support included in 	the production phase budgets?

	Q2:  Is all of this support focused on corrective actions or is some used to 	improve the product design?

	Q3:  Does design engineering review acceptance test data?

	Q4:  Are performance results periodically  compared to specification 	limits?

	Q5:  Does design engineering maintain metrics on product performance 	over itÕs life cycle?

	Q6:  Do these metrics focus on product reliability?  Product cost?  

	Q7:  Does design engineering perform supporting IR&D associated with 	product improvements?

	Q8: Do IR&D projects include cost optimization in addition to performance 	improvements?

	Q9:  Does design engineering work with manufacturing and quality 	assurance to ensure product improvements are producible?

�APPENDIX A



Assembly and Test - the process where equipment in the form of units or components, and structure is integrated into the final product (or system); verification of product (or system) level requirements takes place beginning with this process.



Function - a technical or management discipline such as design engineering, reliability engineering, quality assurance engineering, etc.



Manufacturing - the process where by equipment or structure is fabricated and tested (verified) at the unit or component level.



Process - an individual task or set of tasks which when completed accomplish a predetermined goal.



Procurement - the process where piece parts, materials, and units are purchased from suppliers, vendors, or subcontractors.



Quality - attributes(s) of a product which enhances itÕs satisfaction to the customer; typically perceived as an increased product value by that customer.



Requirements-to-Cost - the system engineering process where system level requirements are established which meet desired system cost models:  these requirements are subsequently decomposed and allocated to lower level products which will make up the system.



Software - instruction sets which allow a ÔcomputerÕ to perform planned functions; includes instruction sets which provide functionality for Programmable Read Only Memories, Application Specific Integrated Circuits, and Field Programmable Gate Arrays.
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