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Introduction

“It is NASA policy to comply with prescribed requirements for performance of work and to provide for independent assurance of compliance through implementation of a quality assurance program.”  This is the opening statement of NASA’s Quality Assurance Policy.  How NASA defines quality and accomplishes this objective is the subject of this paper.   
 Various definitions for product “quality” have been used by US Government and private industry organizations in the past.  Commonly thought of and defined in qualitative terms as the measure of “goodness” or product excellence, modern definitions generally define quality in terms of product compliance, which allows for the objective measurement of whether quality is achieved (a great enhancement!).  The most widespread and internationally accepted definition of quality, set forth in ANSI/ISO/ASQ Q9000, is:  “Degree to which a set of inherent characteristics fulfills requirements”.   
It should be noted that the ANSI/ISO/ASQ definition for quality is indifferent as to whether fulfillment of the design requirements would result in mission success or whether personnel would be safe.  By the definition, if the design requirements are flawed, the quality program would only serve to ensure that the flaws come to pass.  Consequently, NASA has expanded upon the definition to include the concepts of mission success and personnel safety.  The term quality, as used within the context of NASA’s quality assurance policy means “compliance with requirements which, when met, provide for personnel safety and mission success”.  An organization’s quality program can, thus, be thought of as having two distinct components:  1) development of requirements that serve to keep people safe and achieve mission objectives, and 2) assuring compliance with these requirements.  “Quality assurance” is the name given the second of these two components.  It should be noticed that the two components of quality are both essential and that they are interdependent of each other.  Quality assurance is irrelevant if the technical/safety requirements are “bad” and the requirements are irrelevant if they are not complied with.  

Quality Assurance Policy Requirements
NASA’s quality assurance policy provides confidence that requirements related to NASA acquisitions are complied with [Note:  Business management requirements that are not directly related to product quality (e.g., financial, legal, personnel, facility maintenance, environmental) are referred to as “management system” requirements and do not fall under the scope of NASA’s quality assurance policy or this paper].  Acquisition requirements can be broken down into three general categories: technical requirements, quality requirements, and safety requirements.  Technical requirements involve the establishment of product configuration (e.g., design, development, manufacture, assembly); the preservation, protection, maintenance and re-establishment of product configuration (e.g., packaging, handling, transport, foreign object prevention, refurbishment, maintenance, repair); and the operation and disposal of products.   Safety requirements include both personnel safety (industrial/occupational safety) and system safety (risk management).  Quality requirements involve assurance of work conformity and can be broken down into proactive pre-work measures to assure that work will be performed correctly (e.g., personnel training, development of work instructions) and compliance verification measures to assure that ongoing and completed work is/was properly performed (e.g., process witnessing, data review, tests, inspections).

NASA’s quality assurance policy document outlines a risk based approach to planning and executing quality assurance actions.  It emphasizes safety of personnel; embraces the concept of continuous improvement; adheres to longstanding/proven quality concepts such as personnel competency; independence; data analysis, and recurrence control; requires proactive assurance measures to ensure that requirements will be complied with; and mandates the use of rigorous quality system standards.  Following is a discussion of the specific principles and requirements that the Agency’s quality assurance program are founded upon:

          The quality assurance program must be designed and implemented in a manner that mitigates risks associated with noncompliance, attains confidence levels that are commensurate with the severity of consequences that would be incurred in the event of noncompliance, and is continuously adjusted based on changes to risk factors.  Determination of risk considers the likelihood of noncompliance and the consequences associated with noncompliance, including the maturity, complexity, criticality, and value of work performed, as well as demonstrated experience with past quality system or program performance.
          The illustration on the following page depicts the concept of risk-based quality assurance- where  risk related to the likelihood and consequences of noncompliance are continuously evaluated and mitigation actions are continuously instituted to maintain requisite confidence levels.    
          The horizontal bar represents the confidence level that an organization achieves upon successful implementation of “up-front” quality system measures.  These measures are implemented prior to work operations and assure that all product requirements are complied with, regardless of their importance.  Examples include development of work instructions, training of personnel, and calibration of test instrumentation.  

          The “down-spikes” represent circumstances where the likelihood of compliance is depressed due to factors such as operator inexperience, process immaturity, or product complexity.  A crucial role of the quality assurance program is to identify factors resulting in decreased likelihood of compliance and to institute quality assurance actions (e.g, tests, inspections, data review, process witnessing) to bolster confidence to the requisite level. 
          The “up-spikes” represent factors where, due to severe consequences that would be incurred in the event of noncompliance, quality actions need to be instituted to raise the baseline confidence level.  Examples of severe consequences would be the loss of a costly asset, mission failure, or personnel injury.   Where noncompliance would be most severe- loss of life or loss of mission-  100% Government inspection is required to ensure compliance with safety/mission critical attributes.   Statistically based sampling plans are allowed for all other circumstances.   
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          NASA quality assurance programs are further required to:

          -  Include pre-work assurance measures that provide increased confidence for meeting prescribed requirements (e.g., pre-award surveys, qualified source selection, training), in-process assurance measures to ensure that work is being performed in accordance with requirements (e.g., process control, process witnessing), and post-work assurance measures to ensure that work was properly performed (e.g., inspections, tests, record review, configuration control).

          -  Flow applicable quality assurance requirements down to successive levels of the supply chain to ensure control of subtier suppliers and verification of safety/mission critical attributes at all levels of the supply chain.  

          -  Be continually improved through: advocacy; awareness training; teaming and sharing of quality assurance tools, techniques and data; integration of quality assurance processes to prevent duplication of effort; and dissemination/implementation of lessons learned and best practices.
          -  Ensure that customers and Government authorities are quickly notified concerning noncompliant products or failure experiences potentially affecting product safety, reliability, or functionality.   Customers and Government authorities include: contracting officers; Government contract management agents; authorities responsible for assigning, managing, or overseeing work; and, where noncompliant conditions might constitute evidence of possible fraud, malpractice, or other serious misconduct, the NASA Office of Inspector General.         

          -  Provide for investigative and corrective actions upon discovery or notification of noncompliance.  

Investigative actions must identify the proximate and root cause(s) of noncompliance and the scope/population of noncompliant items.  

Corrective actions must include the correction, replacement, repair, or authorized disposition of noncompliant items/conditions, implementation of preventive measures to eliminate the causes of noncompliance, and validation that implemented  preventive measures have effectively eliminated recurrence of the noncompliant condition (recurrence control). 

          -  Ensure clear and mutual understanding of prescribed quality requirements among organizations responsible for contracting or assigning work, performing work, and assuring conformity of work.

          -  Be performed by persons that are competent on the basis of:

Demonstrated knowledge, skills, and experience related to quality assurance principles and practices, and related to the specific product, process, or attribute for which assurance is being provided. 

Meeting formal certification or qualification requirements where prescribed in required/invoked documents or where deemed necessary to ensure personnel competency to perform specialized quality assurance functions.    

          -  Be performed by persons that are not assigned direct responsibility for ensuring that cost or schedule objectives are met.

          -  Be supported by records demonstrating compliance with technical/quality requirements.  Records must be legible, traceable to the applicable product, identifiable to the applicable requirement, and readily retrievable for requirement verification.

          -  Include the collection and analysis of quality data for the purpose of identifying and initiating resolution of problem areas (e.g., projects, products, processes, operations, organizations), common deficiency causes, nonconformance trends, defect anomalies, and process variations.

Quality System Criteria
Federal Acquisition Regulations require Government agencies to invoke higher level contract quality requirements for procurement of critical or complex items.  NASA has adopted quality standards AS9100, ISO 9001 and AS9003, depending on the procured item’s criticality and complexity, as the minimum mandatory quality system requirements.  Solicitations, contracts, and work tasking documents must invoke/specify one of these quality system standards in accordance with the following:  

          -  Work that is both critical and complex must be performed in accordance with the quality system requirements of AS9100. 

Critical work is any hardware or software task that, if performed incorrectly or in violation of prescribed requirements, could result in loss of human life, serious injury, loss of mission, or loss of a significant mission resource (e.g., Government test or launch facility).  

 Complex work involves either:  a) the design, manufacture, fabrication, assembly, testing,  integration, maintenance, or repair of machinery, equipment, subsystems, systems, or platforms; or b) the manufacture/fabrication of parts or assemblies which have quality characteristics not wholly visible in the end item, and for which conformance can only be established progressively through precise measurements, tests, and controls applied. 

        -  Critical, but not complex, work is to be performed in accordance with the quality system requirements of AS9100 or ISO 9001, or the inspection and test quality system requirements of AS9003.  Non-complex work includes manufacture of “build to print” piece parts or performance of a discrete manufacturing/test operation such as plating, heat treating, non-destructive testing, or laboratory testing for chemical composition or mechanical properties. 

       -  Complex, but not critical, work is to be performed in accordance with the quality system requirements of AS9100 or ISO 9001.

       -  Work that is neither critical nor complex is to be performed in accordance with the quality system requirements of AS9100, ISO 9001, or AS9003, or in accordance with test and inspection requirements that are specified or approved by the contracting agent and that are supported by records evidencing their performance and outcome.

          Where considered appropriate, quality system requirements may be tailored to identify the specific quality requirements within the document that apply to the solicitation, contract, or work tasking document.  Where tailoring is chosen, the tailoring process must be documented, providing objective evidence of rationale for excluding specific requirements identified within the quality system document.

Quality System Requirements for Critical and Complex Work
Following is a partial listing of quality system areas addressed in AS9100, an extremely rigorous quality system applicable to NASA work that is both critical and complex:   

Quality Management System

·  Documentation Requirements

      -     Quality Manual

      -     Control of Documents

      -     Control of Records

·  Configuration Management

Management Responsibility

· Management Commitment 

· Customer Focus

· Quality Policy

· Planning

· Responsibility, Authority

             and Communication

· Management Review

Resource Management

· Provision of Resources

· Human Resources

· Infrastructure

· Work Environment

Product Realization

· Planning of Product Realization

· Customer Related Processes

· Design and Development

· Purchasing

      -     Purchasing Information

      -    Verification of Purchased Product

· Production and Service Provision

      -     Identification and Traceability

· Control of Monitoring & Measuring Devices

Measurement, Analysis and Improvement

· Monitoring and Measurement

      -     Internal Audit

      -     Processes

      -     Product

· Control of Nonconforming Product

· Analysis of Data

· Improvement

      -    Corrective Action

      -     Preventive Action

Quality Clauses

In addition to mandatory quality system requirements, NASA solicitations, contracts, and work tasking documents must invoke/specify certain workmanship standards and quality clauses, as applicable.  The quality clauses provide amplified quality requirements where such requirements are not addressed, or covered in sufficient detail, in the invoked quality system document.  Following is the current list of approved quality clauses, as well as two examples of actual clauses.

· Material Identification, Damage, Count

· Right of Access

· Flow Down Requirements

· Certificate of Compliance (C of C)

· Certificate of Compliance Raw Material

· Certificate of Compliance - Calibration

· Special Process Certification

· Calibration System

· Configuration Management System

· Change Authority

· Critical Processes

· Government Source Inspection (GSI)

· Contractor Source Inspection (CSI)

· First Article Inspection

· Nondestructive Inspection (NDI) / Nondestructive Test (NDT) Certification

· 100% Attribute Clauses

·  Limited Operating Life Items

·  Limited Life and Age Control (Shelf Life) 

·  Packaging Requirements

·  Packaging Handling & Labeling

·  Shipping Documents

·  Nonconformance Reporting

·  GIDEP

·  Record Retention

·  Electrical Wire and Cable Test Report

·  EEE parts Date of Manufacture

·  EEE Single Lot / Date Code

·  Electrostatic Discharge (ESD) Protection Program

·  High-Strength Fasteners

·  Pressure Vessels

·  Solvent Containers
Certificate of compliance- Raw materials

     
 “Organization will include with each shipment the raw material manufacturer's test report (e.g., mill test report) that states that the lot of material furnished has been tested, inspected, and found to be in compliance with the applicable material specifications. The test report will list the specifications, including revision numbers or letters, to which the material has been tested and/or inspected and the identification of the material lot to which it applies.   When the material specification requires quantitative limits for chemical, mechanical, or physical properties, the test report will contain the actual test …

Calibration System

“The organization shall have a documented calibration system that meets the requirements of ISO 10012, “Quality assurance requirements for measuring equipment”, or the “American National Standard Institute (ANSI)/National Conference of Standards Laboratories (NCSL) Z540-1, General Requirements for Calibration Laboratories and Measuring and Test Equipment”. 

EEE Parts Workmanship Standards

Successful operation of systems in space requires strict attention to detail.  Spacecraft, with few exceptions, are not repairable, maintainable or retrievable once deployed.  They must withstand harsh launch and operating stresses including mechanical shock and vibration, radiation, thermal cycling, vacuum and microgravity, and do so for many years with a high reliability.  Decades of experience have taught NASA the requirements necessary to be able to do this successfully.  These requirements are generally expressed in specifications and standards, some of which NASA has generated itself in order to ensure its unique lessons learned are properly recognized and risks are mitigated.  One prominent set of these standards are the “8739” series of Workmanship Standards.  These standards cover key assembly and integration processes used in the fabrication of electronic systems.  These practices must assure that hardware can successfully withstand all the space environment stresses mentioned above, as well as those experienced during ground level testing, handling, system integration and transportation.  NASA adopts non government “voluntary consensus standards” if suitable standards are available (e.g., ANSI/ESD S20.20 has replaced NASA-STD-8739.7 as the Agency’s electrostatic discharge control standard).  
Government Contract Quality Assurance 

          In addition to quality system requirements, quality clauses, and workmanship standards invoked upon organizations responsible for performing work, Government Contract Quality Assurance (GCQA) serves to provide an additional independent “set of eyes” to provide heightened assurance of contractor delivery of conforming product.  GCQA is provided in addition to, not as a substitute for, contractor responsibilities for assuring contract compliance.  NASA may perform GCQA functions directly, or may delegate such functions to a non-NASA Government agency (e.g., Defense Contract Management Agency (DCMA)) or to a support contractor.  Regardless of who performs it, GCQA consists of the following quality assurance program elements:
-  Contract Review 

Acquisition/procurement contracts are reviewed to ensure incorporation of applicable quality assurance requirements specified in Federal Acquisition Regulations (FAR), the NASA FAR Supplement, NPD 8730.DRAFT, and Quality Assurance clauses specified in ARP 9009.  Determination of contract quality requirements is based on the criticality, complexity, maturity, cost and importance of the product supplied, and based on the contractor’s past quality performance data. 

-  Pre-Award and Post-Award Survey
Contractor pre-award surveys are performed prior to contract award for organizations not previously contracted and for organizations with a history of contractual noncompliance.  Pre-award surveys assess the adequacy of the contracted organization’s quality system and capability to comply with contract requirements, including review of past quality performance data and review/acceptance of the organization’s documented quality manual and associated quality system procedures.   Post award surveys are conducted as deemed necessary based on Federal Acquisition Regulation (FAR) guidance.  

-  Source Selection

Results of pre-award surveys and quality data related to a contractor past performance (i.e, compliance with past contract requirements) are used in the source selection process to ensure that the Government is not assuming unacceptable risk and that the Government is making best value procurements.  Best value procurements are determined by factoring in the anticipated additional cost to the Government for contract administration services based on a contractor’s past quality performance.

-  Document Review
Contractor quality system procedures, technical products (e.g., data, drawings), and, manufacturing process instructions are reviewed to ensure compliance with contract requirements.  Document review is performed on a periodic basis and whenever document changes are made that affect quality system processes or product attributes.  Selection of documents for review is based on criticality, complexity, cost and importance of product/work, and based on past performance quality data.  Document review may be conducted as a separate process from, or in conjunction with, Quality System Audits.
-  Product Assurance

Contractor products are assured by product examination, process evaluation and records review as follows:  1) Product Examination: Supplier products are physically inspected, measured or tested to ensure conformity to contract requirements; 2)  Process Evaluation:  Supplier processes for manufacturing, fabrication, assembly, integration, test and inspection are physically witnessed to ensure compliance with contract requirements; and  3)  Records Review:  Records evidencing conformance to contract requirements are reviewed to ensure product and process conformance to contract requirements.  Quality evidence includes documentation of test and inspection results, product attributes, process performance, calibration of test and inspection instrumentation, qualification and authorization of personnel, and qualification of products, processes, and equipment.  

The selection, sample size, and frequency of product assurance actions are based on:  1) the criticality, complexity, cost, and importance of product supplied, 2)  the complexity and maturity of the process performed, 3)  personnel safety considerations, and 4) the supplier’s past quality performance related to the product supplied or process performed.  

Product assurance attributes are identified on checklists or by other documented methodology.  Accomplishment of product verification actions is attested to by legible signature or by a uniquely identified acceptance/rejection stamp that is directly traceable to a single individual authorized to use the stamp.

Product assurance actions are performed at subcontractor locations only where necessary to ensure that the contracted organization maintains effective oversight of subcontractors, or to ensure compliance with critical product attributes.

Product assurance actions are performed by persons properly qualified and trained concerning the quality assurance technique being practiced and the specific product or processes for which assurance is being provided.

The control of monitoring and measuring devices used to perform product assurance actions must comply with requirements of AS9100, Section 7.6. 

Government Mandatory Inspection Points (GMIP)

GMIPs are product assurance actions, including product examination, process evaluation and records review, for which Government performance is mandatory.  

GMIPs are performed to ensure compliance with 100% of safety/mission critical product.  Safety/mission critical attributes are material characteristics, operating conditions, or functional performance criteria that if not met can result in loss of life or loss of mission.  Assignment of safety/mission critical GMIPs includes the incorporation of risk mitigation actions derived from project risk analyses (e.g., probabilistic risk assessments, hazard analyses, failure modes and effects analyses/Critical Item Lists).  

GMIPs are additionally required to ensure compliance with product attributes that, if not met, can result in serious injury or loss of a significant mission resource, and for circumstances where analysis indicates elevated likelihood of nonconformance with a key product attribute.  GMIPs may further be employed on a discretionary basis to mitigate identified risks and to ensure delivery of conforming product. 

Safety/mission critical GMIPs may not be delegated to non-Government personnel.  

Accomplishment of safety/mission critical GMIP performance is validated by either a closed loop methodology or by sequential assurance that: 1) 100% of assigned GMIPs are incorporated into work planning documents, and 2) 100% of GMIPs called out on work planning documents are performed.  Closed loop validation consists of item-by-item verification that 100% of the assigned GMIPs, as called out on a single authoritative list, are performed.

Safety/mission critical GMIPs shall not be waived, or GMIP criteria modified, except as formally authorized by proper NASA authority.

Non-safety/mission critical GMIPs may be assigned and performed in accordance with prescribed sampling plans that provide confidence levels appropriate to, and commensurate with, risk associated with non-compliance.  

GMIPs are performed as late as practicable in the material fabrication/installation cycle for circumstances where GMIP attributes can be altered (e.g., contamination), and as early as practical for attributes that cannot be altered (e.g., mechanical properties).

Products requiring GMIPs msut be directly traceable by unique product identification that is maintained with the product until the time of installation/assembly.  The unique product identification is reflected on applicable planning documents, and documented on GMIP records of accomplishment.

GMIPs are performed at subcontractor facilities where performance at a later point in time or at any other location would require uneconomical disassembly, destructive testing, or special required instruments/gauges/facilities only available at the subcontractor location; where performance at any other location would destroy or require the replacement of costly special packaging, or where considerable cost to the Government or unacceptable delay in schedule would result from downstream identification of noncompliant products.

GMIPs are identified as hold points in contractor work planning documents.  The Government and contractor jointly develop a GMIP notification process that assures advance Government notification of work operations involving GMIPs, and that results in timely performance of GMIPs.  Contractors are expressly prohibited from continuing work operations planned subsequent to the performance of safety/mission critical GMIPs.

Quality System Audit  

The contractor’s quality system is reviewed to ensure compliance with invoked quality program requirements, including internally developed procedures.  The quality system audit may be conducted as a single audit or as a combination of discrete audits that collectively cover all required quality system elements.  The frequency of quality system audits is based on the contracted organization’s quality history, but not less than once every two years.  

The following quality system elements are reviewed, as a minimum, during quality system audits:

a.   Personnel training, qualifications, and competence.

b.   Purchasing:  Supplier evaluation/selection; purchasing information and flow-down of technical/quality requirements; verification of purchased product.

c.   Quality system documentation. 

d.   Control of documents.

e.   Preservation of product; foreign object prevention, detection, and removal.

f.   Calibration and control of monitoring, measuring, and test devices.

g.    Product identification, traceability, and identification of inspection/test status.

h.   Control of nonconforming product.

i.   Monitoring and measurement:  Internal audit/assessment; Monitoring and measurement of processes; Monitoring and measurement of product (inspection and testing).

j.   Quality data analysis/trending.

k.   Nonconformance reporting and corrective action.

l.   Configuration management/control.

m.   Design and development control.

n.   Production control and process control.

Quality system audits are performed and documented following written audit attributes.  

Quality Data Analysis
Contractor quality data is collected and analyzed to identify problem areas (e.g., projects, products, processes, operations, organizations), common deficiency causes, quality trends, defect anomalies, and process variations.  Sources of data include contractor-generated metrics, NASA identified nonconformances, post-delivery quality escapes, and quality data reported by delegated parties (e.g., Defense Contract Management Agency, quality assurance support contractors, and AS9100 quality system registrars).  Data is evaluated at established periodic intervals for the purpose of:

(a)  Adjusting the frequency and content of customer oversight actions, including allocation of quality assurance personnel resources.

(b)  Providing supporting rationale for acceptance/rejection of the contractor’s quality system and/or written procedures.

(c)  Initiating corrective action based on identification of systemic problems and trends. 

(d)  Sharing analysis with contractor to identify quality system trends and areas of weakness.    

Nonconformance Reporting and Corrective/Preventive Action  

Government identified nonconformances are documented and reported to the contractor for performance of corrective and preventive actions.  Corrective action requests shall be elevated to the appropriate level of contractor management based on problem criticality, recurrence, and/or nonresponsiveness.   Corrective action requests require identification of the root cause(s) and scope of the nonconformity, remedial corrective actions concerning the product(s) found to be nonconforming, and long term preventive measures.  Government follow-up shall be performed to ensure effective accomplishment of contractor corrective/preventive action. 

Final Product Acceptance 

The Government formally accepts delivery of product based on:  

(a)  Final product inspection

(b)  Validation that there are no outstanding corrective actions resulting from contracting activity or contractor identified nonconformances affecting acceptability of product.

(c)  Validation that there are no outstanding engineering departures/waivers/deviations impacting acceptability of product, and that all applicable engineering departures/waivers/deviations have been approved by the proper technical authority.

(d)  Validation that all required GMIPs (critical and non-critical) have been accomplished.

Performance of final product acceptance may not be delegated to a non-Governmental entity.
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