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ABSTRACT

The primary purpose of contracted research and development programs is to advance scientific and technical knowledge and apply that knowledge to the extent necessary to achieve national goals via manufacturing bases.  Unlike contracts for supplies and services, many research and development programs focus towards objectives and work methods that may not precisely define in advance.  It is difficult to judge the probability of success or required effort for technical approaches, some of which offer little or no early assurance of full success.   The research and development selection process must encourage the best resources from the industrial and scientific community become involved in such programs.  An atmosphere must exist that provides an environment in which the work may be pursued with reasonable flexibility and minimum administrative burden.  Quality assurance programs for research and development must exercise flexibility, good judgment and common sense and practicality for assurance in research and development tasking.  Quality programs in research and development require periodic review in the face of new technology demands and changing customer requirements.  (Burke, William J.   1988)  

Quality programs in research and development must exhibit flexibility in methods yet remain rigid in certain core functions.  Laboratory evaluations, a key element of the laboratory approval process, must encourage the proper implementation of analytical methods and provide supporting documentation to demonstrate method performance and evaluations, regardless of their complexity.  Typically, research programs may not focus on identifying the key quality control activities.   This is because control and assurance activities may in fact adversely affect the current acceptance levels of quality data. The evaluations emphasize secondary elements of a quality system or program, such as, the organization, facilities, equipment, good laboratory practices, record keeping habits, and performance in the external comparison studies.  Today's quality assurance programs must propose unconventional, performance-based evaluations to assess the technical ability of research laboratories to perform acceptably over the lifetime of an extended project. It will focus on the assessment of current valid methods, proficiency of data in terms of empirical method detection limits, related quantitative measures of precision and accuracy, and ongoing demonstration of precision and accuracy through the calibration and metrology methods. This paper examines the relationship between research and development, and quality assurance. 

Many research scientists definitely think about the quality of their work, but fall short of embracing quality assurance.   This may be because they are intimidated by the processes or they do not see or appreciate the benefits. Typically, laboratory quality assurance is no more than peer-reviewed data. The quality of the research data is assumed by the general scientific population to be directly proportional to the completion of these peer reviews. The senior investigator is expected to have results and data reviewed by the coauthors then the data must be reviewed by at least two other scientists, one of whom must be from outside the authors' division. After this review and approval by management, the manuscript is sent to be peer-reviewed, where it is reviewed by several anonymous scientists as determined by laboratory policy. After the comments of the reviewers are addressed, the data can either be accepted or rejected for publication by consensus. For the purpose of data review, QA is defined as the guarantee from a review team that the entire study was adequately and correctly conducted and recorded according to the study protocol. Many scientists view research and quality assurance as separate entities.  
From the scientist's perspective, quality procedures are not applicable to research studies.   

They should apply only for studies that will be submitted to such agencies as the Environmental Protection Agency (EPA) or the Food and Drug Administration (FDA) for regulatory approval. QA programs can be applied to both types of studies. A quality assurance review will examine all aspects of the study including data files (notebooks, protocols), as well as equipment and the management of all study records. The data from a quality assurance reviewed study are therefore more defensible in a court of law, and more reproducible due to more through, chronological records. Generally speaking, few researchers of a scientific data analyze the raw data in the laboratory notebooks or inspect the laboratory equipment. Furthermore, principal investigators generally have not been in the laboratory where the research was conducted in order to observe quality control measures. These are the areas where a quality assurance review is extremely beneficial. In summary, data in the peer-reviewed documentation does not undergo the same type of scrutiny as will data that has undergone a quality assurance review. Quality assurance reviews assist scientists in conducting and improving their research studies by identifying acceptable practices and deficiencies, helping to produce higher quality scientific data.  QA reviews should be viewed as part of the entire research process that improves the overall quality of the data. 
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CHAPTER 1

INTRODUCTION

For the past thirty years or so, the author has worked for a number of companies in a variety of positions primarily in the defense industry.   These companies include: AVCO Research Laboratory (Senior Manager, Quality Assurance), Raytheon Company (Product Assurance Program Manager, Senior Quality Assurance Engineer, (Senior Test Engineer), Northrop Grumman Corporation (Senior Quality Engineer), American Superconductor Corporation (Quality Assurance Manager) and currently Booz Allen Hamilton (Sr. Consultant, Manufacturing, Production and Quality).  Most of the author’s experience is directly related to the assurance and control of quality and reliability at the system level.  For the purpose of this paper, research and development is for electrical and mechanical hardware designs.  

Over the years, there have been attempts to develop quality programs appropriate for use in research and development.  Attempts to create quality control and assurance programs in the laboratory have been made but with varying degrees of success.  This may be because the scientific community has insisted upon maintaining the creative freedom required to investigate new technology and phenomena.   

This freedom inevitably conflicts with the constraints of structured quality control activities required in the laboratory environment.   For the purpose of discussion research and development is defined as conceptual and early engineering development activities.  It is the intent of the author to outline and propose a quality assurance practices that may be useful to principal investigators in research and the management of research and development facilities. Quality professionals backward transitioning from production to research and development environment may also use these quality practices as guidance.   

It is not the intent of the author to recommend or advise laboratory professionals on how to perform their work.  Assurance of data validity, accuracy and reliability and the ability to replicate data in a laboratory environment will only better establish a research and development programs validity and better defend it against unwarranted public scrutiny and skepticism.  The term quality assessment will be used throughout and in conjunction with quality control and assurance.  

The term quality assessment has less abrasive overtones and therefore may be more readily acceptable by those leery of the typical structure and regiment imposed by quality control and assurance activities.  

Much of the information presented may not be directly traceable to a particular source reference.  It is based on a compilation of knowledge and experience gathered over time.   

Later in this chapter is a rather lengthy discussion regarding values, ethics and accountability.  There is a reason for this.  Although some scientific investigators may take offense at the mention of this subject, it must be addressed and understood.  In today’s world, there is increasing pressure to produce and demonstrate value added by one’s efforts.  Developing controls and providing documented evidence of ones efforts will better account for accuracy, reliability and validity of research results.  Under these conditions, values ethics and accountability will be come less an issue, as the assurance process will help neutralize breeches in values ethics and accountability.  However, ethics, values and accountability in investigational science ultimately rely on the individual.

STATEMENT OF PROBLEM

Many research laboratories today make an assumption of quality without actually assuring it.  Quality assessment is practiced instead of quality being assured.  Quality assurance implies making certain or guaranteeing quality.  Although assessment and measurement of quality is necessary, this in of itself will not assure quality.  

Quality assurance should not be a separate component, but the outcome achieved from a continuous quality process. 

The problem that will be discussed is the validation and replication of research and development laboratory experiment and testing results.  Data accuracy, validity and reliability will always be suspect if not reproducible.  Often laboratory experimentation and testing is performed in uncontrolled environments resulting in claims that have not been verified or validated by independent investigators. Therefore, these claims remain unsubstantiated.  This situation is further exacerbated by the lack of configuration control on laboratory activities.  Without being able to replicate original experiments and test configurations that were used to collect data, the results and the experiment itself will be in question.   This especially applies to test configuration that cannot be exacted. This will make reproducing the expected results a difficult challenge.  

This does not imply that investigators do not perform high quality and accurate work.   

However, without documenting with some exactness all the potential variables within the bounds of an experiment or test, investigators in some cases would be unable to take credit for the results achieved in the laboratory.   

Data validity and accuracy problem has recently received a lot of attention in pharmaceutical research and development.  

In recent times, the Food and Drug Administration has come under attack by the media regarding the approval for use and the validity of the data used in making, in some cases, premature approval decisions regarding medications and vitamin supplements.  The results of research and development should be the end product.  Determining the desired outcome prior to the investigation offers an opportunity to manipulate to attain desired results.  This is the area in which quality assurance can aid in the validation of results.

PURPOSE OF THE STUDY

The purpose of this study is to discuss a quality practices that will enhance data validity, accuracy and reliability and the methods used to replicate that data.  Recently the term quality assessment is in vogue and has been associated with the improvement of quality in medical laboratories as well as academia. 

Some might argue that quality assessment is a repackaged definition or term meaning quality assurance and is the new approach integral to the regulation of quality.  These are only terms.   Quality assessment and assurance standards are essentially driven by the motive of public and professional accountability. 

There is a good level of understanding within the research and development communities, policy makers and the government of the role quality assurance and assessment mutually promote each other. 

Assessment is primarily through self, peer review, actions undertaken within formal and accountable frameworks of principles, expectations, obligations, processes, and actions. 

Increasingly, quality assessment processes are being driven by informal or formal benchmarking against what is considered to be generic good laboratory practice made explicit in codes, guidelines, policies and subject standards statements. In this way quality assurance provides an environment within the quality assessment effort that is expected to happen within a general culture of compliance.  In trying to demonstrate that quality assessment is characterized in the same way as quality assurance, there is a danger of reproducing an unwarranted compliance model. 
To avoid this, we must promote and encourage assessment through possibilities and opportunities rather than responsibilities and obligations such as are enshrined in existing policy and procedure. Furthermore, any principles devised to promote assessment will need to recognize the diversity of human initiative and creativity in the field of science and engineering. 

They would also be founded on the premise that assessment of quality has to be connected to the values and beliefs that motivate people to change their own behavior and practice in order to improve scientific investigation and ease of demonstration.  

For this approach to have any meaning the principles would have to be accepted as good scientific method and engineering practices.  

In research and development especially, assurance of data validity, accuracy and representation is not the responsibility of quality control or quality assurance but the investigator.  However closer control over the documentation of results, method of measurement, and the configuration used and actual results achieved benefit investigators when trying to demonstrate or replicate results. 

IMPORTANCE OF THE STUDY

To understand the importance of quality assurance in research and development we must first define the importance of research and development.  

Future products begin in the manipulation of science and technology that are discovered in the research and development laboratory.  Research and development is the foundation for current and future competitiveness.  Quality assessment/assurance in research and development is essentially driven by public and professional accountability. 

There is a level of general understanding among the research community and the government on the role quality assurance plays in promoting quality of data from research and development projects.  

Quality in its current state is primarily through self, peer review, actions undertaken within formal and accountable frameworks of principles, expectations, obligations, processes, and actions.   

Quality assessment correlated to the control and assurance processes is being driven by informal and formal benchmarking against what is considered generic good practice made explicit in codes, guidelines, policies and subject standards statements. A quality assurance program will provide an environment within which quality assessment is expected to happen within a general culture of compliance.  Quality assurance has a clear role in improving validity, reliability and reproducibility of information produced in the research and development environment. 

Efforts and resources invested in quality assurance are often dwarfed by related activities, which are more concerned with providing evidence for accountability rather than developing capacity to improve. The potential benefits quality assessment and quality assurance will only be achieved if the assurance processes engages people in thinking about what they are doing and why they are doing it. 

Once quality assurance becomes routine it loses its potency as an aid to self-review and development. However, such processes must be facilitated and motivated by a desire to improve. They will fail if all they seek is compliance to a set of standards.  Bottom line, an element on consistency and reliability must be inherent in research and development activities.  This means accuracy, validity of data and the methods and processes used to collect it.  If customers do not have confidence the results that they receive from the research community and the data is not valid, accurate and reliable, then the longevity of that laboratory will be a concern.  The quality program will add the necessary methods, controls and verifications required to achieve customer confidence.

Quality assessment associated research and development, innovation and experimentation takes place all the time at all levels of design and development. 

Quality assessment allows for individual investigators and teams the opportunity to creatively exploit new technologies or solve problems.  It allows investigators to learn from existing methodologies or to experiment with entirely new methods. Quality assessment fosters a complementary set of behaviors, actions to that are promoted by quality assurance, and that are equally important to an adaptive self-regulating development system. 

Quality assessment is motivated by cultures, which value individuality, diversity, creativity, experimentation, innovation, and is tolerant of a certain amount of risk and failure.   Therefore, the importance of quality control, assurance and assessment in research and development comes down the results being delivered.  Those funding and those that are the benefactors of the research, want assurance that the data from such efforts will be valid, reliable, accurate, reproducible and withstand the test of competitive and public scrutiny.  

SCOPE OF THE STUDY

The scope for this study includes research and development in a general sense.  As previously stated, the author’s experience for the most part is in defense contracting for mechanical, electronic and electro-mechanical military defense systems.  

In recent times, FDA and the pharmaceutical industries have come under much scrutiny.  A significant number of drugs previously approved for use by the FDA have been removed from the market or are being investigated for removal.  What are really under investigation are research methods, findings, data, methods and validity of results.  The concepts and recommendations of this work are applicable to all and any type of research and development.  

Laboratories must establish a comprehensive quality assurance/quality control program designed to ensure the reliability of scientific data used to support funded programs. The ultimate goal of the research laboratories quality program is to generate accurate and valid data of known quality. This study will be based on the composite of experiences at AVCO Research Laboratory, Northrop Grumman and American Superconductor Corporation.  

RATIONALE FOR QUALITY ASSURANCE IN RESEARCH AND DEVELOPMENT

To understand any rationale for quality assurance in research and development we must first understand the importance of research and development to the future success and longevity of the entity it is serving.  Increased productivity is a positive value measurement against company bottom lines that include sales and profit.  The foundations of productivity begin in the manipulation of science and technology that are in fact the byproduct of research and development.  

Research and development of science and new technology are the corner stone for current and future competitiveness.  A research and development laboratory’s quality assurance program must be derived with considerations in key areas.

Some of these areas include technology marketability, design development costs, potential product liability, requirements and regulations.  

Developmental testing provides a baseline for initial and preproduction baselines that will establish product characteristics for the final design.  During the research and development process product performance parameters are established that contribute to design tradeoffs for reliability, risk assessment, product liability and cost.  If during research and development, the confidence levels in the design margins for product safety are established and acceptable, then records will be available to substantiate recommendations and conclusions generated in the development cycle. These records could be made available for public and/or legal scrutiny during any potential future litigation.  Another issue is the present and increasing demand for all company elements including research and development to reduce costs. 

This comes in the face of increasing pressure to assure the reliability of complex test configurations and assuring that investigation of phenomena are observed and properly controlled in reliable engineering and laboratory environments.  

In the future, laboratories will need to take a more systematic approach to assuring quality to guarantee the results that achieve quality levels desired.  

Because desired levels of quality are often unknown, laboratories must establish quality requirements and procedures that will effectively manage the quality and reliability of results and data. 

ETHICS, VALUES AND INTEGRITY IN RESEARCH AND DEVELOPMENT

It is important to discuss ethics, values, integrity, accountability, reliability and honesty in the field of investigational science.  To many this is an uncomfortable subject.  There are few people in any field that will intentionally make an effort to be unethical.   

Being intentionally unethical would require a greater effort than to be ethical with nothing to gain.   Ethics, values, integrity and truthfulness have to do with decision-making.  Many of the decisions made and results recorded in the laboratories today will potentially affect the lives of people in the future.   This is not an attempt to lecture the research community on ethics, values and integrity but to emphasize the great responsibility researchers have over the reliability and control of information they provide to the public.  

Making ethical decisions can be difficult and most are made in a world of economic, professional and social pressures, which can obscure moral issues. 

Often we do not know or understand crucial facts. Such principles do not always dictate a single moral course of action, but provide a means of evaluating and deciding among competing options.  The terms ethics and values are not interchangeable.  Ethics is concerned with how a moral person should behave, whereas values are the inner judgments that determine how a person actually behaves. Values concern ethics when they pertain to beliefs about what is right and wrong.  Most values have nothing to do with ethics. In contrast, ethical values such basics as trustworthiness, responsibility, personal and professional beliefs, vary over time among cultures and among members of the same society.  A system of values is the order in which principles are translated into values so they can guide and motivate ethical conduct. Ethical principles are rules of conduct that are derived from ethical values.  Ethics are what put principles into action. Consistency between what we say and what our actions say is a matter of integrity.  

There are obstacles to being ethical.  When the motivation for ethical behavior is self-interest, decision-making is reduced to risk reward calculations. 

If the risks from ethical behavior are high or the risks from unethical behavior are low and the reward is high, moral principles succumb to expediency. This is not a small problem: many people cheat on exams, lie on resumes, and distort or falsify facts at work. 

The real test of our ethics is whether we are willing to do the right thing even when it is not in our self-interest.   Trustworthiness mitigates to a degree the need to monitor assurance obligations but does not eliminate it. People that believe in each other hold each other in high esteem.  Simply refraining from deception is not enough. Trustworthiness is the most complicated of core ethical values and concerns a variety of qualities like honesty, integrity and reliability. 

There is no more fundamental ethical value than honesty. Honesty is associated with people of honor that are admired and relied upon. However, honesty has a broader concept than many may realize. It involves both communications and conduct.   Honesty in communications is expressing the truth as best we know it and not conveying it in a way likely to mislead or deceive.  Honesty in conduct is playing by the rules, without stealing, cheating, fraud, or other trickery. 

Cheating is a particularly foul form of dishonesty because one not only seeks to deceive but to take advantage of those who are not cheating. It is a violation of both trust and fairness.  

Truthfulness is presenting the facts to the best of our knowledge. Intent is the crucial distinction between truthfulness and truth itself. Being wrong is not the same thing as lying, although honest mistakes can still damage trust insofar as they may show poor judgment.
The word integrity comes from the same Latin root as "integer," or whole number. Like a whole number, a person of integrity is undivided and complete. This means that the ethical person acts according to their beliefs, not according to expediency. They are also consistent. There is consistency in the way they make decisions from situation to situation.  There principles do not vary at work or at home, in public or alone. A person of integrity takes the time for self-reflection.  This is because they know who they are and what they value.  

Events, crises and the necessities of the day do not determine the course of their moral life. They stay in control and never demean themselves with negative behavior toward those they think might do some good. 

They are trusted because you know who they are and what you see is what you get.  When commitments create a legitimate basis for others to rely on them, a moral obligation is undertaken. Responsibility is accepted of making reasonable efforts to fulfill our commitments. 

Making good on commitments is an important aspect of trustworthiness.  Rationalization of noncompliance must be admonished.  Being responsible is being accountable for our choices. 

Accountability also means recognizing that our actions matter and are morally on the hook for the consequences. Our capacity to reason and our freedom to choose make us morally autonomous and answerable for whether we honor or degrade the ethical principles that give life meaning and purpose.  Ethical people show responsibility by being accountable, pursuing excellence and exercising self-restraint. They exhibit the ability to respond to expectations.  Responsible people finish what they start, overcoming rather than surrendering to obstacles. Responsible people exercise self-control, restraining passion for the sake of long-term vision and better judgment.  A person, who is accountable does not shift blame or claim credit for the work of others but considers the likely consequences of his behavior and associations.  A very core of investigational science these values must be engrained. 

DEFINITION OF TERMS

ANSI



American National Standards Institute

ASIE



American Society for Industrial Engineers

ASME



American Society for Mechanical Engineers

ASQ



American Society for Quality

ASTE



American Society for Test Engineers

ASTM



American Society for Testing Materials

ASW



American Society for Welding

CM



Configuration Management

CCB



Configuration Control Board

DMR



Defective Material Report

DQA



Data Quality Analysis

DQO



Data Quality Objectives

EPA



Environmental Protection Agency

FDA



Food and Drug Administration

FOG



Fiber Optic Gyroscope

FRB



Failure Review Board

IEEE



Institute of Electrical and Electronic Engineers

IPC



Association Connection Electronic Industries

ISO



International Standards Organization

Investigator


Person conducting experiment or test

MIL-STD


Military Standard

MIP



Mandatory Inspection Point

MRB



Material Review Board

NIST



National Institute of Standards Traceability

PBMS



Performance Based Measurement System

PM



Program or Project manager

Principal Investigator
Senior Principal overseeing project

QAE



Quality Assurance Engineer

QAM



Quality Assurance manager

QAO



Quality Assurance Officer

QD



Quality Directive

SCCB



Software Configuration Control Board

SCM



Software Configuration Manager

SME



Society for Manufacturing Engineers

SOP



Standard Operating Procedure

OVERVIEW OF THE STUDY

Regardless of any principles we may aspire to, voluntary participation in the assessment process is fundamentally about personal beliefs and values and a commitment to self-improvement.  In spite of technological obstacles, high work loads and pressures to perform multiple tasks. Scientists are experiencing increased pressure for their work to be more reliable and personally accountable as they interact with other professionals. It is the hope that putting beliefs into practice will create the culture within the scientific community that values their individual contributions and complements their practice. Similarly by establishing professional networks within the scientific community will aid in the promoting and supporting the assessment of quality. Quality assessment places more emphasis on research and development with new opportunities to influence and support accountability for those not within the research and development community.  Ultimately all this is influenced by cost.  

Companies will need confidence that the research and development laboratory will provide accurate data that meets performance standards established by customers or its own scientific group.  This is all about accountability in the research and development community.  

It is all about assurance that information and data is accurate valid, reliable and most of all reproducible.  It is not about what field or industry but about honesty and integrity in reporting.  The quality assurance program will assure data attestation and validation through documentation, observation and verification.  By qualifying research and development with adequate systems and controls, the overall cost and effort for product design qualification may be reduced.  Finally in discussing values and ethics is the realization that accountability means leading by example.  In the laboratory environment there are many young investigators, many of which are students at the graduate and undergraduate level.  They are the senior and principals of the tomorrow.  Senior laboratory personnel will mentor these prospective engineers and scientists for some period of time.  They will be greatly influenced by their senior contemporaries, colleagues and mentors.  The reason that values, ethics, honesty and truthfulness are discussed in such detail was to emphasize the importance of conveying these values to those young scientists entrusted with developing technology that will inevitably affect the future.  The discussion is not intended to be rhetorical. Data validity and accuracy is only as reliable as the integrity of the process, methods and personnel used to collect it.

CHAPTER 2

REVIEW OF RELATED LITERATURE

Quality Engineering Handbook (Pyzdek, 2003) is the required course reading for QC530, Quality Engineering Methods.  It is all-inclusive for topics one may encounter in the field of quality engineering.  It is an excellent resource for information regarding, quality control, quality assurance and quality engineering.  It is also useful as a desk reference, teaching tool and base of training for quality professionals preparing for quality and reliability certification exams.  Chapter VI, Quantitative methods, goes into probability, statistical decision-making, and relationships between variables, design of experiments, process capability and statistical process control.  Many of these tools are integral to the research and development process. How quantitative methods are annotated, controlled and replicated is the subject of discussion.  It addresses all aspects of quality control as well as many industrial engineering topics.  Although there is no specific chapter addressing research and development, many of the concepts regarding quality control are relevant to research and development type work.  

This work has been useful to me as a reference in my twenty-five years in quality.  It is also a useful reference for preparation for certified quality engineer as well as certified reliability engineer.   

This handbook also covers quality control aspects of particular industries and product/process types.
Quality Management Handbook (Walsh, Kurster, Kimber 1986) is a compilation of knowledge addressing quality control, quality management, quality engineering, quality department activities and strategic quality management.  It has many references to the works of Phillip Crosby, Edwards Deming and others.  Once again, this has been a valuable reference throughout my career as a quality professional.

Quality Assurance:  Management and Technology (Hayes, 1985) provides a comprehensive coverage of quality assurance functions and activities.  It is an excellent reference for students of quality.  

It is well organized and covers a variety of quality assurance topics and provides insight into problems that might be encountered in achieving quality levels.  

It also provided an understanding of the important techniques used to solve problems associated with product quality.  

This book provides a solid reference for students, colleges, reliability and quality, design, purchasing and manufacturing professionals.

Quality Assurance Manual, AVCO Research Laboratory TEXTRON (Burke 1988) was written to delineate responsibility and authority to assure company management and its customers that all research and development efforts are in accordance with contract requirements.  This manual was written to cover worst-case requirements scenarios such as MIL-Q-9858A with the option to scale down for contracts with lesser requirements (MIL-I-45208A).  The QA requirements for are communicated to management via a Quality Directive (QD).  Quality Directives outline requirements, obligations and applicable procedures contained within the QAM for a given project.  Principal investigators are responsible for reporting accurate findings and methodologies used to find them.  This document addresses multiple research projects with varying requirements.  

The Control and Assurance of Quality, Reliability and Safety (Carter, 1978) addresses the assurance of quality; reliability and safety assurance is encompassed in prevention, control and audit.  This publication addresses the fact that management must recognize the need for a total program concept throughout the organizations and functions of a company, group or organization.  

Finally the emphasis is on the fact that everyone should be a proponent of prevention, control and assurance of quality, reliability and safety.   

If for no other reason, and that should not be the case, the prevention of adverse actions from product liability is and will continue to be, a real and growing concern.

Quality Assurance in Research and Development (Roberts, 1983) provides guidance for obtaining research and development results of consistent and known quality.  This book addresses systems, which have been designed for management of the research and development function is also presented as tools for the assurance of research and development quality.  In this publication the author assumes that the reader is somewhat knowledgeable with basic quality assurance and total quality control.  The material developed from the authors experience and information through other research centers and available literature. 

This work encourages the use of technical coordinating committees to ensure constant communication of needs of operations groups to respond to market demands for new products or advanced technology. 

It represents the author’s opinion of management practices that are appropriate for implementation at any research center.

Information Quality Assurance and Internal Control for Management Decision Makers  (Kinney, 2000) is the required course reading for QC625, Auditing.  

This book delves into the importance of high quality information for decision-making.  Business decision makers need to be assured that available information is relevant, reliable, timely and affordable.  The two main methods of assuring the relevance and reliability of information are by way of independent assurance professionals and information obtained from internal controls within the company.  This publication specifically will help: financial accounting, managerial accounting, tax, and information systems students understand the roles of the CPA in improving information for decision makers and the conceptual and real problems they may face.   

ISO 9001:2000 Explained (Cianfrani, 2001) is the required reading for QC660V3 Quality Management Standards.  ISO-9000 group of standards originated in the 1987 and revised in 1994 with some minor revisions.  It was again revised in 2000 as ISO-9001-2000.  This latest edition makes the standard more user friendly but also made other significant changes.  Some of those changes include processes vs. procedures approach, greater emphasis on senior management involvement. 

Other additions were meeting customer requirements process performance measurement with feedback for the purpose of process improvement, continual improvement and relevancy to sectors other than manufacturing.  

This book explains the differences between ISO-9001-1994 and ISO-9001-2000 and what it migrated in the 1994 version to the 2000 version.  It explains the meaning and intent of each requirement of ISO-9001-2000 with some model for implementation of the compliant quality management system. 

Quality Analysis and Planning (Gyrna, 2001)  is the required reading for QC500V3 Quality Engineering Management.  F.  Gyrna, with the assistance of J. Juran co-authored this publication.  J. Juran was the author of the Quality Control Handbook.   Since the third publication in 1993, the fourth edition has added concepts and discussions in:  six sigma, customer satisfaction, process management, project management, supply chain management, customer relation’s management and quality information systems.  Chapter 1 covers distinction between manufacturing and service industries. Chapter 2 discusses the process to help organizations understand and determine its relationship on issues of today’s quality.  

Chapters 3-5 explain the structure of the quality processes of quality improvement, cost reduction and quality planning and control.  

Chapter 6 explains process management while chapters 7-9 cover strategy, organization and structure.  The remainder of the book covers processes that, in a broad way try to achieve customer satisfaction and loyalty.  Since the third edition, chapters have also been added on statistical concepts and managerial concepts.

Principles of Quality Costs (Hagan, 1986) Although this publication is nearly twenty years old in principles regarding quality cost remain valid.  This publication deals with management’s view of cost related to quality to the company bottom line.  It addresses quality and its relationship to customer satisfaction as well as its impact on profitability.  Management may not fully understand how quality or non-quality affects current and future survival in today’s ever-changing marketplace.  This concept was being taught twenty years ago and is still relevant today.  Contemporary costs of quality initiatives are categorized in three ways: prevention, evaluation and correction.  

PERFORMANCE-BASED EVALUATION OF LABORATORY QUALITY SYSTEMS  (Alekson, date unknown) addressed in this article is an objective Tool to Identify QA Program Elements that Actually Impact Data Quality.  

This outlines and covers the processes that if utilized will aid in assuring and achieving high quality and accurate data.  

This paper proposes a non-conventional, performance-based evaluation to assess the technical ability of an analytical laboratory to perform acceptably over the lifetime of an extended project. 

It focuses on the assessment of current, valid method proficiency data in terms of empirical method detection limits, related quantitative measures of precision and accuracy, and on going demonstration of precision and accuracy through the analysis of laboratory control samples using statistical techniques. Effective, comprehensive laboratory quality programs comprise of, but are not limited to, internal audit and non-conformance and corrective action reports, training and analytical proficiency files, properly maintained instrument logbooks and laboratory logbooks. The evaluator's review of these documents can detect trends and systematic deficiencies, thus providing a more sweeping technical evaluation of the laboratory's potential to perform.

Gamma-Ray Large Area Space Telescope (GLAST) Large Area Telescope (LAT) Calorimeter Quality Assurance Activities and Implementation Plan DRAFT  (Virmani, 2003) is an actual quality assurance plan for the GLAST Calorimeter.  Many of the provisions of this plan are transportable to any type of research and development work.  

This document defines the Quality Assurance (QA) requirements for the establishment and implementation of QA programs for the Calorimeter covering mission definition, design, development, production and operations. 
IV&V White Paper ( McDonald Bradley, Inc., 2002)  describes an approach to performing Independent Verification and Validation (IV&V).  

This paper will aid key stakeholders in the application on the benefits realized from applying standards, and develop and implement an efficient and effective IV&V program that includes the effective use of metrics to track and evaluate the status of the program. 

Chapter 3

METHODOLOGY

Approach

Historical and Case Study is the method of research used throughout this paper.  The Paper is based on observations by the researcher at: 
AVCO Research Laboratory, Northrop Grumman Corporation and American Superconductor Corporation.  AVCO Research at the time was involved in investigating three main technology groups: Lasers physics and Electro-optics, Magneto-hydrodynamics and composite materials science research.  

NGC Navigation Systems Division conducts research and product development on Fiber-Optic Gyroscopes and Inertial Data Assemblies.  These are primarily used in spacecraft and military applications.   

American Superconductor Corporation conducts research in High Temperature Superconductivity (HTS).  By super cooling transmission lines and motor windings, I²R and Hysterisis losses are virtually nullified.  

This allows for virtual loss free transmission lines and smaller electric motors with increased horsepower.  The Naval Research Laboratory, (NRL) commercial power and commercial shipbuilding have shown interesting these technologies.  The researcher has been employed by each of these companies over the last twenty-five years.  


Information Gathering Method

The historical case study method being used project the impact an effective QA program may have in research and development facilities referenced.  The historical observations for the paper were collected over a period scanning over twenty years.  
Much of the information in this paper is a reconstruction based on actual experience is attributed to working people within the scientific community. The information discussed will come from experiences encountered as quality QA manager at AVCO Research laboratory and American Superconductor Corporation.  

Chapter 4 discusses a quality assurance practices that will enhance the ability of research and development professional to publish and take credit for their work a high degree a confidence that their findings will withstand the toughest of scrutiny.  Qualitative research methods are considerably different from those of quantitative research methods. 
Qualitative research methods are more dynamic, interactive and holistic in their approach than quantitative methods.   

Quantitative methods are more deductive in their reasoning, objective in their observations, more defined and static in their collection, analysis and reporting. While qualitative methods provide for more narrative and detailed reports of certain phenomenon, quantitative methods allow for the study of larger populations and therefore can allow for more generalizations about a phenomenon. Whichever method is used for a particular study, researchers agree that the method should be appropriate for the subject being studied. 
Largely, quantitative methods are used in the physical sciences whereas studies in the social sciences lean toward qualitative methods or a combination of both research methods.  Different aspects of quality, credibility, reliability and validity support both methods.
Information Base of Study
The information base of this study has been accrued by the author over the last twenty years while employed by the three previously referenced companies.  There were some interesting observations during this twenty-year period.  Senior laboratory management usually agrees philosophically for the need to better exact and record laboratory operations.  Senior laboratory management, now, no longer principal investigators, has to deal with such issues as costs, budgets and the like.  

Senior and principal investigators readily expend funding on equipment, personnel, facilities and assets.  There is little consideration for quality and the rituals used to control it.  When laboratory management and the senior scientific community come head to head there is little support for that which in both of their minds adds little value to laboratory processes.  Personnel and/or processes that hamper or constrain scientific investigation will get little if any attention.  

Approaches to include investigators in the assessment of quality process were considered.  
However, many of these initiatives were adopted without much success.  Commissioning senior investigators to the role of manager of quality assessment was adopted.  This seemed to have   little effect.  

Anything that resembles control or constraint may be easily rationalized away for the success of the project.  Cost, schedule and forecast of success are in of themselves constraints on laboratory personnel beyond the technical issues they face.   In my experiences, there is often a rush to judgment without objective verification or validation.  

The author has maintained throughout that there is and always will be the need for new technology and scientific development.  

Some may argued the much of research and development has become a haven for those with advanced education who typically cannot function in an environment of constraint and condition.  

There is some support for this theory due to the fact there may be much waste in projects that are uncontrolled with no one held accountable.

Validity of Data

This historical case study may be considered is a combination of subjectivity and some objectivity.  Most reputable research laboratories have a system ensuring that these types of quality control checks are implemented routinely. 
Identification of inefficiencies in the laboratory's quality assurance system does not necessarily constitute a major breakdown of the system that would result in the production of unverified research data. 

In parallel, laboratories that have adequate systems for minimizing these common deficiencies cannot guarantee the generation of high-quality data. All phases of laboratory operations should be designed with the objective of preventing problems and improving quality on a continuous bases and provide a more useful type of guidance for validation of analytical laboratories. The emphasis is more on actual daily compliance with the quality procedures and the analytical methods.  There are key elements of a quality assurance system that must be assessed to determine whether the laboratory's quality system is capable of validating the operations needed to generate analytical data of sufficient quality. Assurance of data quality can only be achieved through understanding the needs and expectations of customers.   

Developing effective means to communicate these requirements to all personnel involved in a data collection activity is important.  An effective quality system emphasizes prevention rather than detection. To accomplish this, laboratories conduct routine internal surveillances to determine the extent of conformance to established internal procedures and policies covering all critical functions affecting data quality.  
Attention to quality begins by ensuring that all technical staff is thoroughly trained in their assigned responsibilities. 

Auditing can determine evidence of deviation from a laboratory's own internal procedures and project requirements.  Poor documentation, which may indicate a lack of understanding of the procedures, a lack of training or a lack of assurance oversight of staff and procedures, can create a significant variation in the process.  

Significant variation refers to a change in personnel, instrumentation or methods that can affect the precision, accuracy, sensitivity, and selectivity of output (i.e., environment, measurement equipment, experiment, or method).  All new technicians and investigators, regardless of experience on that instrument in another laboratory, will complete a demonstration of capability.  Training and capability are imperative in the assurance of data validity.
Limitations of the Case Study

Historical and Case Study is the method of research used throughout this study.  The approach used is the Historical Case Study Method.  This paper is based on personal observation by the researcher at: AVCO Research Laboratory, Northrop Grumman Corporation, and American Superconductor Corporation. AVCO Research at the time was involved in investigating three main technology groups: 

Lasers physics, Electro-optics, Magneto-hydrodynamics and composite materials research.  Northrop Grumman Corporation, Navigation Systems Division conducts and is still conducting research and product development on Fiber-Optic Gyroscopes and Inertial Data Assemblies used in Spacecraft and military applications.   

American Superconductor Corporation is involved in High Temperature Superconductivity (HTS) research.  By developing super cooled transmission lines and motor windings, I²R and Hysterisis losses (Losses accompanied by the resistance within traditional copper conductors) are virtually nullified.  

This allows for virtual loss free transmission lines and smaller electric motors with increased horsepower.  The Naval Research Laboratory (NRL), naval shipbuilding, commercial power and commercial shipbuilding have shown interesting these technologies.  Each of these companies has commonality in dealing and not dealing with issues related to quality control and assurance.  Expressed opinions regarding this topic are those actually experienced by the researcher while employed at these companies.

Summary of Chapter 3 

There are pros and cons to the case study method.  The pros are those human events and actions that can be studied as they actually occur.  These processes can be observed as the personnel actually perform the laboratory environment.  The effectiveness of the quality program is measured by the quality of data generated by the laboratory. The laboratory already functions with an effective with a quality assurance program that implements the critical QC elements. 

The performance related documentation of the laboratory itself provides evaluators with an array of critical issues to focus on.  Technical systems evaluations are most effective when they are tailored to examining the critical methods of interest for a specific project. To accomplish this, assurance of traceability is required to follow the path of project data through all vital areas of the laboratory operations. 
Another focus of laboratory evaluations is to identify noteworthy practices or procedures that help maximize data quality. Laboratory audits should not be intended as a policing function. Rather, these audits should serve as a basis to employ a successful partnership between the laboratory community and assurance personnel. These tools can ultimately be used to select competent laboratories and ensure successful and sustained performance of a project.  The project manager and team must determine the scope of the project and the data quality objectives for the project.  

The level of quality assurance documentation (e.g. standard operating procedures, QC plan) at a minimum must be complete enough to give the project staff data of a quality that meets the data quality objectives (DQO) for the facility. For screening analyses, a somewhat less stringent quality assurance may be acceptable, whereas for some very involved analyses even more stringent quality assurance may be required.  

Executing an effective quality program depends on the total commitment and attention of both management and staff at all levels.  Senior laboratory management must closely monitor the quality program.   

It must rely on clearly defined objectives, well-documented procedures, comprehensive quality assurance and control system, and management support for its effectiveness.  

An effective quality assurance program is vital to the success of a research laboratory. However, in order to meet requirements, researchers must have the motivation and senior management direction to perform and enforce the discipline necessary to maintain a quality system. Without this, a quality system can never be effective.  In chapters one and three the author discussed a somewhat notional approach to quality assurance in the research and development environment.  

The opinions expressed in chapters one and three, although influence by the listed references, are the authors formulations and conclusions.  Verification and validation of data are performed as components of the data collection process, which includes planning, sampling, analysis, and data review. Validations of laboratory data are technical reviews performed to compare data with established quality criteria to ensure that data is adequate for use. The extents of project data verification and validation activities are based on project specific requirements. Over the years, laboratory data verification and data validation processes have evolved to meet continuing regulatory changes as well as customer requirements. 

For routine laboratory monitoring and surveillance, data verification activities may include a number of processes.   These processes must determine whether data has been accurately transcribed and recorded, appropriate procedures have been followed, electronic and hard copy data show correlation and data is consistent with expected results. Typically, routine data verification actions alone are sufficient to document the truthfulness and accuracy of the discharge monitoring report. For comparison projects, routine verification activities are more contractually oriented and include checks for data completeness, consistency, and compliance against a predetermined standard or contract.  

These quality assurance practices will be discussed in chapter 4.  The template for this program is as follows:
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Rationale for QA in a Research and Development
Introduction

The primary purpose of research and development programs is to investigate scientific phenomenology and technical challenges for the purpose of future contributions to defense, medicine, pharmaceuticals and other industries.  Unlike manufacturing and production related work, many research and development programs are directed towards objectives for which work methods cannot be precisely described in advance.  It is difficult to assess the probability of success or required effort for technical approaches.   The research and development process must be able to select the best resources from the industrial and scientific community.  Research and development work must be pursued with reasonable degrees of freedom for scientific investigation.  Unlike manufacturing with repetitive operations, quality assurance programs for research and development must exercise flexibility, good judgment and common sense and practicality for assuring quality.  

Quality programs in research and development require periodic review in the face of new technology demands and changing customer requirements.  

Quality programs in research and development must be flexible in methods but remain rigid in certain control functions.  Laboratory evaluations, a key element of the laboratory approval process, encourage the proper implementation of analytical methods and provide supporting documentation to demonstrate method performance. These evaluations, regardless of their complexity, usually do not focus on identifying the key, explicit quality assurance activities.   This is because control and assurance activities may in fact adversely affect the current acceptance levels of quality data. The evaluations emphasize secondary elements of a quality system or program, such as, the organization, facilities, equipment, good laboratory practices, record keeping habits, and performance in the external comparison studies.  The quality assurance program should propose an unconventional, performance-based evaluation to assess the technical ability of research laboratories to perform acceptably over the lifetime of an extended project. 

The QA program must focus on the assessment of current valid methods, proficiency of data in terms of empirical method detection limits, related quantitative measures of precision and accuracy, and ongoing demonstration of precision and accuracy through the calibration and metrology methods. An effective, comprehensive quality program is comprised of, as a minimum, internal audit and non-conformance and corrective action reporting, training and analytical proficiency files, properly maintained instrument calibration records and laboratory and engineering log records. The evaluator’s review of these documents can detect trends and systematic deficiencies, thus providing a more sweeping technical evaluation of the laboratory is potential to perform.  Selecting the audit and analysis personnel that will provide the best complement of services for a laboratory project is of utmost importance. Research laboratories are now being subjected to increased facility systems audits by various regulatory authorities and by prime contractors as part of pre-award and post-award evaluations. A key element of the laboratory selection and approval process, encourage the proper implementation of analytical methods and provide supporting documentation to demonstrate method performance. The objective is to select laboratories that are capable, technically qualified, and credible so that a laboratory performs adequately during a data collection process. Laboratory evaluations typically range from one-day surveillances to five day or more intensive compliance audits conducted by a team of two or more auditors.  This is to ensure that data produced in the research and development laboratory is appropriate and scientifically sound.  This means having procedures that are designed to produce data that are reproducible, comparable, reliable, representative, and defensible within known limits of precision, accuracy and sensitivity. The quality assurance requirements for research and development laboratories must be outlined in the laboratories quality assurance procedures.
Necessity

To understand the importance quality assurance in research and development we must first define the importance of research and development.  The future products begin in the manipulation of science and technology that are discovered in the research and development laboratory.  Research and development is the foundation for current and future competitiveness.  Quality assessment/assurance in research and development is essentially driven by public and professional accountability. 

There is a good level of understanding amongst the research and development communities, policy makers and the government of the role quality assurance plays in promoting quality of data from research and development projects.  Quality in its current state is primarily through self and peer review. It is not always clear how actions undertaken are within formal and accountable frameworks.   

Increasingly, quality assessment, control and assurance processes are being driven by informal or formal benchmarking against what is considered to be generic good practice made explicit in codes, guidelines, policies and subject standards statements. In this way quality assurance provides an environment within which quality assessment is expected to happen within a general culture of compliance.  Quality assurance clearly has a role to play in improving quality, reliability and reproducibility of information in research and development. Much of the efforts and resources that are invested in quality assurance are often dwarfed by related activities, which are more concerned with providing evidence for accountability rather than developing capacity to improve. 

Any benefit derived from quality assessment can only be achieved if the assurance processes engage people in thinking hard about what they are doing and why they are doing it. 

Once quality assurance becomes routine it looses its potency as an aid to self-review and development. However, these processes must be facilitative and be motivated by a desire to improve. The quality program will fail if seeking compliance to a set of standards is the only criteria.  Bottom line, an element on consistency and reliability must be inherent in research and development.  This means accuracy, validity of data and the methods and processes used to collect it.  If customers do not have confidence in that what they are receiving from the research community valid, accurate and reliable, then the longevity of that laboratory will be short lived.  The quality program will add the necessary methods, controls and verifications required to achieve this.

Quality assessment associated research and development, innovation and experimentation takes place all the time at all levels of design and development. Quality assessment allows for individual investigators and teams the opportunity to creatively exploit new technologies or solve problems.  It allows investigators to learn from existing methodologies or to experiment with entirely new methods. Quality assessment fosters a complementary set of behaviors and actions promoted by the quality assurance program.  Assessment and assurance are equally important to an adaptive self-regulating development system. 

Quality assessment is motivated by cultures which value individuality, diversity, creativity, experimentation, innovation and which are tolerant of a certain amount of risk and failure.   Therefore, the importance of quality control, assurance or assessment in research and development comes down to this.  For those funding and those that are the beneficiaries of the research, want assurance that the deliverable data from such efforts will be: valid, reliable accurate, reproducible and withstand the test of competitive and public scrutiny.

Planning and Documenting a QA program

Planning

A policy statement should describe the quality assurance goals of the laboratory and describe, in general terms, the laboratory's commitment to ensure data are of known and documented quality. The policy statement reflects management's commitment to quality assurance throughout the data generating and processing operations. All reported data must be accompanied by a certification of calculations, precision and accuracy. Where appropriate, a statement on the completeness, accuracy and comparability is to be included.  

A research quality program should:
· Assure requirements are specified through definition and implementation of adequate methods and procedures.  

· Assure a set of design rules and methods has been set up and is consistent with the project techniques and technologies.

· Assure methods, procedures and tools have been defined and are implemented in order to prove that each applicable requirement is verified through one or more of the following methods:  analysis, inspection, test, review of design, audits.  

· Assure that for each configuration item there is a defined and implemented qualification approach that makes it possible to demonstrate that the item is so designed that it will perform satisfactorily in the intended environment.  

· Assure that the approach adopted guarantees that the design is producible, repeatable, and verifiable and that the resulting product can be verified and operated within the required operating limits.  

· Assure that adequate controls verifiable by quality assurance are established for the procurement of part components, materials, hardware items, and software.  

· Assure fabrication, integration and test are conducted in a controlled manner so that the end item conforms to the applicable approved procedures and test methods.  

· Assure all work is performed using authorized written and approved procedures that are under revision control. 

· Assure that a closed-loop nonconformance control system is established and maintained in order to systematically track and prevent reoccurrence. 

· Assure all work documentation is controlled and maintained by quality assurance as a record. 

· Assure quality records are maintained and analyzed so that trends can be detected and reported in time to enable preventive/corrective actions to be taken using a corrective action system. 

· Assure equipment and tools used for inspecting, measuring and testing project items are regularly calibrated to ensure their accuracy. 

· Assure procedures and instructions are established which provide for the identification, segregation, handling, packaging, preservation, storage and transportation of all items.

Organization and Reporting

The following describes the organization and responsibilities of the Massachusetts Institute of Technology AXAF-I CCD Imaging Spectrometer MIT/ACIS project at the Center for Space Research (CSR) and the Performance Assurance (PA) relationship with these functions.  The relationship of the Performance Assurance and Quality Assurance functions to the ACIS organization is as follows. The responsibility and control of the Quality aspects of the project reside with the Product Assurance Manager. The dominant feature of this management structure is the division of responsibility and authority between the Principal Investigator, the Project Manager, and the Performance Assurance Manager. This division produces a delicate balance between the desires to produce the best possible experiment from a scientific viewpoint; the need to meet ACIS externally imposed cost and schedule constraints, and the MIT/CSR commitment to produce high quality, reliable experiments. The Project Manager and the Performance Assurance Manager both report regularly to the Director and/or Associate Director of CSR. This approach has been used by the CSR for about thirty years.  It relies on each function recognizing and accepting their respective roles. None of the three is the supervisor of another. 

In the case of a disagreement, the Director or Associate Director of CSR will arbitrate or direct a resolution of the problem. Although the existence of a separate Product Assurance function, in parallel with the Project Manager, is fairly standard, this PA group is specific to the ACIS Project. As a result, there is a close working relationship between the Project Manager and the ACIS PA Manager. In a sense, the PA Manager is part of the project team along with the other staff members. He is the team member responsible for all Performance Assurance functions, in the same fashion as the Project Engineer is responsible for interfaces, technical coordination, and instrument performance. Although the PA Manager has direct access to CSR Management, his close involvement with the project usually obviates the need to use this access and assures that PA disciplines are an integral part of the development effort. The PA Manager is one of three (3) required signatories on the Engineering Change Order (ECO), which releases or modifies any flight hardware or software documentation. Therefore, the PA Manager is cognizant of all flight designs and is responsible to assure that the subject ECO does not jeopardize the ACIS Project Performance Assurance goals and requirements. The PA Manager or one of his staff is intimately involved in all aspects of design, fabrication and test activities.  

The PA Manager has the authority to stop the activity if s/he determines that the integrity of the hardware, software, test, or design is at risk. Suspended activity will be resumed after the problem situation is resolved. In such cases, the project manager and/or the project engineer will be advised.  (Klatt, Brian, October 16, 1995) 

Standard Engineering Practices

Definition

The laboratory, supplier, subcontractor, collaborator must employ workmanship standards, methods, or approved procedures throughout all phases of manufacturing, assembly and integration, to ensure acceptable and consistent workmanship quality levels. Documented workmanship specifications are to identify definite acceptance/rejection criteria.  Often standard practice is defined in statements of work and technical plans.  Depending upon topic, various industry standards organizations address what may be considered standard engineering practice:  International Standards Organization (ISO), American Society for Quality (ASQ), Institute for Electrical and Electronic Engineering (IEEE), American National Standards Institute (ANSI), Association Connecting Electronics Industries (IPC), American Society for Testing Materials (ASTM), American Society for Welding (ASW).  See Attachment A

Laboratory Documentation

Inspection and test procedures are an extension of the test specifications. The procedures include equipment required, technician instructions, accept and reject criteria, test set-up, and a place to record results. Mandatory inspection points (MIPS) will be identified by customer representatives. MIPS as applicable are included in the specifications/procedures. Discrepancies are documented in a Discrepant Material Report (DMR). 

Inspection and test procedures are prepared to guide test personnel in the appropriate process. These procedures are physically located at the appropriate workstation. These procedures will vary from checklists used at receiving inspection, to elaborate test procedures used for final functional acceptance. The procedures will be identified in the assembly work order or traveler.  A separate specification and/or procedure will be prepared for inspection and test of each end item. The end item inspection and test specifications/procedures utilize qualification requirements as the guide for test conditions to simulate actual use environments. These documents are reviewed by quality assurance.  They are available and followed during testing. 

The end item inspection and test specifications and procedures are typically submitted to the customer or funding authority for review before end item inspections and tests start. 

Control of Laboratory Documentation

Documents, such as plans, drawings, specifications, standards, procedures, instructions, and reports that establish the item description and quality requirements, or that prescribe inspections and tests to determine compliance of the item with technical requirements are defined as quality related documents. Plans, procedures and instructions that prescribe critical assembly operations, processes and test procedures are also considered to be quality related documents. Each quality related document will be uniquely identified, and its revision status will be denoted on the document. 

Prior to their release, significant quality related documents will be reviewed and approved by quality assurance designated individuals that are knowledgeable of quality assurance requirements and can assure that the documents are complete, clear and unambiguous. 

Changes to these documents will also be reviewed and approved in accordance with laboratory configuration management procedures. 

The initial release, distribution and control of documents and changes are the responsibility of designated individuals or groups within the project depending upon the type of document. Documented procedures will describe to the users how to dispose of obsolete quality related documents previously issued, and for obtaining any necessary verification that such action has been taken. The responsible configuration management individual will maintain a master file of the latest revision and a revision history of all quality related documents. 

Review of Results Process

Requirement verification is performed incrementally, as each stage of the manufacturing is completed, and provides the organized base of data upon which qualification and acceptance will be verified.  Top down requirement allocations and bottom-up requirement verifications will be complete and consistent.  A system for tracking requirements and verification of results will be established and maintained during the completion of the project. Verification methods are adequate and consistent with the type and criticality of the requirements.  

Appropriate reference to the verification documentation is recorded and status updated at project reviews and as necessary until final acceptance.

The laboratory QA program must assure that the objectives of the analysis are clearly defined in relation with the development logic defined in the verification plan. The following items will be identified when item qualification is being analyzed:

· Reference of the Configuration Item definition under analysis

· Environmental constraints considered in the analysis

· Basic assumptions, analysis methods, mathematical models

· Test sequence

· Established conditions

· Test standards

· Applicable test levels, duration and tolerances

· Accuracy in measurement

The qualification test procedures and facilities are defined, approved, and released.

Project Plans

Review of Technical Approach Plan

At the outset of a project, a project leader should be identified to address the requirements of the research function.  This project leader has the primary responsibility for establishing technical standards and for implementing quality assurance requirements for all projects.  

Since this individual has the overall technical performance of the project is in a strategic position to schedule the required checking, inspection and documentation functions.  The project leader and quality assurance lead should evaluate work being performed at the research facility to determine where quality assurance involvement will most benefit the project.  The experimental concept for a technical plan, together with the quality assurance plan will establish the overall requirements for the project.  If an outside customer performs the research, a statement of work as part of the contract proposal may replace the project plan.  In either case some of the topics that will appear in the technical plan are:

· Introduction with the purpose and background

· Type of experiment or analysis

· Philosophy, basic principles, and limitations involved in the choice of the test or experiment design concept

· Parameters to be investigated

· Test apparatus, equipment, parts, components affecting results

· Test program, and list of procedures

· Description of data acquisition and reduction methods

· Description of data evaluation methods

Because the project technical plan is used as a formal means of agreement the customer and the research center, approval and revision control of the plan should be formalized.

Project QA plan

The Laboratory is to implement a QA program whereby assurance is given that:

· All requirements are specified through definition and implementation of adequate methods and procedures.

· A set of design rules and methods has been set up and is consistent with the project techniques and technologies.

· Methods, procedures and tools have been defined and are implemented in order to prove that each applicable requirement. is verified through one or more of the following methods:  analysis, inspection, test, review design and audits.

· For each configuration item there is a defined and implemented qualification approach that makes it possible to demonstrate that the item is so designed that it will perform satisfactorily in the intended environment.

· The approach adopted guarantees that the design is producible, repeatable, and verifiable and that the resulting product can be verified and operated within the required operating limits.

· Adequate controls verifiable by QA are established for the procurement of part components, materials, hardware items, and software.

· Fabrication, integration, test and maintenance are conducted in a controlled manner so that the end item conforms to the applicable approved procedures and test methods.

· All work is performed using a controlled laboratory documentation system and procedures. A closed-loop nonconformance control system is established and maintained in order to systematically track and prevent reoccurrence. All work orders will be controlled and maintained by QA.

· Quality records are maintained and analyzed so that trends can be detected and reported in time to enable preventive/corrective actions to be taken using the laboratory documentation database system.

· Equipment and tools used for inspecting, measuring and testing project items are regularly calibrated to ensure their accuracy.

· Procedures and instructions are established which provide for the identification, segregation, handling, packaging, preservation, storage and transportation of all items.

Management Responsibility

Ultimate responsibility for assuring  reliable data is the responsibility of senior management (e.g., CEO, lab director, etc), not the quality assurance of officer (QAO). In delegating QA responsibilities and authorities, management usually divides their delegations between their subordinate line managers. The QAO is there to provide technical support and to review and approve QA products. This section should contain a description of the organizational entities involved in data collection activities. An organizational chart showing reporting lines should be provided, those specific groups responsible for data collection or for quality control and assurance activities should be identified, and their interrelationship defined. Responsibility and authority for carrying out the QA of each group should be described in a way that clarifies the nature of and division of these delegations.

While it is typical for the laboratory analyst to provide the first level of data review in the laboratory, there should be an independent reporting channel for quality assurance/control review of data. 

When problems occur, corrective action may be taken through normal administrative reporting channels. If the problem is not addressed, then an alternative channel for problem resolution exists outside of the normal administrative reporting and supervisory channels.  

Project technical reporting chain will be different from the quality management reporting structure, but should show how and where quality management reports to the laboratory management structure. Quality management should be able to independently report to the senior laboratory management.  The duties and responsibilities of the key section heads in the lab and will include an organizational chart showing lines of authority and reporting responsibilities.  

Management Assessment

Senior management should periodically evaluate the effectiveness of the quality assurance program. This is done through reviews, assessments, and/or other means.  Management must take whatever action may be needed to correct situations or conditions that could adversely affect the Project.  Periodic assessments should be performed in accordance with an approved laboratory self-assessment plan.  The assessments will typically include an overall evaluation of the safety and quality in terms of the adequacy and effectiveness of the management structure and effectiveness of quality and training programs. Corrective action decisions are documented and tracked to assure effective resolution prior to closure. Immediate corrective action will be taken, as appropriate, when defects that will adversely affect quality, reliability or safety are discovered. 

Interim actions may be initiated to provide needed controls while investigations and implementation of the permanent corrective actions are accomplished. Follow-up assessments or checks will be performed to verify the effectiveness of the corrective actions.  

Control of the Project Design

Assigning Control Responsibility

The laboratory staff is responsible for planning, developing, defining and controlling the design of project and its components in a manner that will assure the consistent achievement of the producibility, performance, safety, reliability objectives as required. 

The approach to quality assurance will place the most emphasis upon and allocate proper resources to those items that could leave the greatest effect upon personnel and environmental safety, project performance, cost and schedule.

Design Reviews

Technical Design Reviews will be conducted which include scientists, engineers, and others with expertise in required fields. These reviews will determine whether design interfaces are compatible, the design meets all criteria, the design is complete, unambiguous, and that important parameters can be verified by inspection and/or test. 
Design planning establishes, as required, the milestones at which design criteria, standards, specifications, drawings and other design documents will be prepared, reviewed, approved, and released.  Design criteria define performance objectives, operating conditions, and requirements for safety, reliability as well as the requirements for materials, fabrication and testing. 

Appropriate codes, standards and practices for materials, fabrication, construction, testing, and processes will be defined in the design documentation. 

Where feasible, nationally recognized codes, standards and practices should be used. When those are either overly restrictive or fall short of defining the requirements, they are to be modified, supplemented, or replaced by project specifications. 

Systems engineering management, as part of the technical coordination effort, will ensure that system and subsystem design will meet the performance, cost, schedule, and quality objectives of the project. A design manual has been developed which documents the technical baseline, and incorporates detailed parameters, geographic location of components, design schematics and specification indices for the project. 

Specifications, drawings and other design documents will be prepared to define the design parameters. These documents will present a verifiable engineering delineation setting forth in pictorial and/or descriptive language representations of a part, component or assembly. The specifications, drawings and other design documents will be prepared in conformance with standard laboratory formats that identify the project they represent.   

Release and Control of Engineering Documentation

Specifications, drawings and other design documentation are reviewed and approved, prior to issuance.  This should be in accordance with project configuration management procedures. Configuration management assists project management in achieving project performance goals on schedule, within budget, and in conformance with laboratory and project quality assurance goals. 

Configuration management ensures that all technical requirements are clearly defined, documented, and controlled throughout the project. Configuration management provides a systematic review to ensure that the impact of proposed changes on performance, cost, and schedule is identified prior to a decision to proceed with a change. 

A configuration management plan will be developed, implemented and under revision control. 

Periodic design reviews will be conducted which include scientists, engineers, and others with expertise in required fields. The reviews determine if design interfaces are compatible, if the design meets all of its criteria, if the delineation is complete, unambiguous, and readily producible, and if important parameters can be verified by inspection and/or test.  All design review results must be summarized and documented as a record. Changes to specifications, drawings and other design documents must be documented and reviewed with expediency. They are reviewed and approved prior to issuance, in accordance with laboratory configuration management procedures. 

Independent Walk Though and Technical Peer Review

Walkthroughs or technical Reviews of the product include its requirements, design implementation. Laboratory principals participate in the reviews and walkthroughs as scheduled and conducted by the project development team. Requirements reviews ensure that the requirements are correct, consistent, complete, unambiguous and testable per the requirements specification. Design reviews ensure technical integrity and validity of the design  in the design specification.  

The results of the product evaluation are documented in an inspection report. This report should include recommendations for design improvements and testability of the product. Walkthroughs can be conducted by the development team, by individuals from the organization who are not currently working on the project but are familiar with the organization’s processes and procedures. 

Product evaluations may be performed by customer or third party reviewers who are conducting a formal inspection on behalf of the customer. Depending upon the circumstances, these reviews may be identified by different names.

Peer Review or walkthrough is conducted by individuals who are employees of the developing organization, are familiar with the development methodology and procedures being used, and provide internal feedback on the progress of the development project.

In Progress Reviews are normally conducted by the customer or their designated representatives to evaluate the progress of the development activity and to provide course corrections early enough to minimize serious problems at acceptance testing.

Control of Materials

Review of Purchasing Documents

Project engineers ensure that the suppliers who are selected to provide them with goods or services are capable of meeting the technical and quality requirements of the procurement, and that the goods or services provided by the suppliers are acceptable for intended use. Personnel responsible for the design or performance of products or services to be purchased must ensure that the procurement requirements of the purchase requests are clear and complete.  

This is accomplished with the assistance of the project quality assurance representative. To the extent necessary, suppliers should have a quality assurance program consistent with the applicable basic requirements established for the laboratory. 

The purchase requests will contain or reference a description of the scope of work, technical requirements, quantity, the desired delivery schedule, special handling, inspection and test requirements, documentation and other appropriate quality assurance requirements. 

The quality assurance provisions will be compatible with the complexity, criticality and cost of the item(s) being procured. 

Suppliers are required to impose applicable provisions upon their subcontractors. Alternate proposals or exceptions to purchasing request requirements are communicated by the buyer or subcontract administrator to the person responsible for the design or performance of the item(s) or service(s) to be purchased for their evaluation and approval prior to the issuance of a purchase order or contract. 

Supplier Evaluation and Selection

Potential suppliers of critical, complex, or costly items or services should be evaluated prior to award of a contract award.  This will be in accordance with predetermined criteria, to ascertain that they have the capability to provide items or services that consistently conform to the technical and quality requirements of the procurement. The project manager, in conjunction with the laboratory quality assurance staff and the project contracts and procurement group, will make the determination of which suppliers are to be evaluated. The evaluation may be based upon the results of one, or a combination of, the following methods: 

· A review of the supplier's quality history with the laboratory

·  A survey of the supplier's facility for the purpose of reviewing the adequacy of the quality system 

· A review of the supplier's quality history in providing the same or similar items or services to other laboratories, universities, or companies. 

· Source inspections at supplier facilities may be imposed by the cognizant engineer, scientist, or requested by the laboratory quality assurance staff member when, one or more of the following conditions exist: 

· Critical items are purchased at a level of assembly where the internal quality cannot be verified upon receipt without costly disassembly or destructive testing

· Special inspection or test equipment, or test environments are not available at the laboratory to verify product conformance with specified requirements

· Items are to be delivered by the supplier directly to another vendor for additional processing, or to a contract destination other than the project 

Verification of Material

Material Source Inspection

Sometimes it is more convenient to inspect items at source. Competent personnel will source inspect specific items as required.  

Source inspections at supplier facilities may be imposed by the responsible engineer or scientist, or requested by the quality representative when, one or more of the following conditions exist: 

· Critical items are purchased at a level of assembly where the internal quality cannot be verified upon receipt at the requesting facility without costly disassembly or destructive testing; special inspection or test.

· Equipment, or test environment is not available to verify product conformance with specified requirements.

· When items are to be delivered by the supplier directly to another vendor for additional processing, or when it is more convenient to inspect at source. 

· Personnel who are competent to valuate the specific item or service will conduct source inspection. 

· It is also necessary to perform surveillance of the supplier's performance, operations, or special processes. The results of source inspections, examinations, or tests will be documented.

· Inspections, examinations, tests of the item or service at various stages of completion, or of the end item or service, itself.   

· Audits of the supplier's compliance with the procedures of his quality system, or specific project requirements. 

· Surveillance of the supplier's performance of specific operations, or processes. 

The results of source inspections, examinations, or tests are documented for review by the responsible engineer,  scientist, and when appropriate, project management. 

Material Receiving Inspection
Inspection and/or test of items received for the project are performed in accordance with the specific written instructions of a qualified engineer or scientist at a location specified by that person. The project engineer or scientists, when requisitioning general use items determine whether the items must be inspected and/or tested prior to use. 

The determination should be based upon an evaluation of the specific application of each item. Copies of supplier evaluation reports are sent to the responsible scientist or project engineer. Information about defective items and quality problems are transmitted by the quality assurance to procurement so that it is aware of the problems, and can take the appropriate corrective action. 

Information about defective general inventory items is forwarded to procurement and QA so that it can take appropriate corrective action. 

Control of the Project Build and Assembly

Material Identification and Control

Project management establishes and uses procedures that will ensure that only acceptable items are used. Acceptable purchased items and lots of material will be kept segregated from items and lots that are: 

· Rejected non-conforming and awaiting a disposition as to acceptability, or awaiting any required inspection and/or test.

· Completed and partially completed items and assemblies, which have been completed, and have been rejected, or determined to be non-conforming, will be clearly identified as such. 

· This identification will be affixed to the item, or will appear on documentation directly traceable to the item. 

· Items that are governed by codes, specifications, drawings, or purchase orders that require specific methods of identification will be identified in a manner that conforms to the requirements.  Such identification will be verified upon receipt at the facility, or during manufacture at the point of assembly. 

Items having limited shelf life will be identified and controlled in a manner that will preclude their use after the expiration of the shelf life. The methods of identification used will be clear and legible, and not adversely affect the functional quality of the item. 

Control of Processes Utilized for Assembly

Special processes, where quality cannot be determined by inspection and test alone (i.e. welding, heat-treating, plating, bonding, etc.), or unique critical or major processes will be controlled by written procedures. The procedures will describe exactly how the process is performed with the equipment required, and environmental controls that are necessary. The procedures, personnel or equipment necessary for the performance or verification of the process must be qualified to applicable criteria. 

The responsible engineer or scientist is responsible for determining which special process procedures are required for item(s) that are to be fabricated, manufactured, reworked, repaired, or modified by either a supplier or the research facility. The project engineer or scientist will determine and specify which codes, standards or specifications are applicable. If none is applicable, the extent to which process is to be controlled is determined by item criticality . 

The project engineer or scientist will prepare, or have an individual prepare or have a competent supplier prepare the necessary procedures.  The project engineer or scientist will be responsible for assuring that the procedures and qualifications are completed prior to the time that the special processes are to be performed and assuring that special processes are performed and verified in accordance with the requirements in the written procedures. These procedures are subject to review by the project QA staff. 

Configuration Control

Documents, such as plans, drawings, specifications, standards, procedures, instructions, and reports that establish item description and quality requirements, or that prescribe inspections and tests to determine compliance with technical requirements are quality related documents and must be under configuration control. Plans, procedures and instructions that prescribe critical manufacturing operations and processes, test procedures are also considered to be quality record documents. Each quality related document will be uniquely identified, and its revision status will be denoted on the document. 

Prior to their release, significant quality record documents will be reviewed and approved by quality assurance designated individuals that are knowledgeable of quality assurance requirements to assure that the documents are complete, clear and unambiguous. 

Changes to these documents will also be reviewed and approved in accordance with laboratory configuration management procedures. The initial release, distribution and control of documents and changes are the responsibility of designated individuals or groups within the project depending upon the type of document and the configuration manager (CM). 

The lead for this task is usually configuration manager (CM) and chairs the configuration control board (CCB).  Documented procedures will describe to the users how to dispose of obsolete quality related documents previously issued, and for obtaining verification that such action has been taken.  CCB membership will be defined in the laboratory CM plan.  

The responsible individual or group will maintain a master file of the latest revision and a revision history of all quality related documents. 

Handling, Storage and Packaging of Material

Items will be handled, cleaned, stored, packaged, preserved, and shipped in accordance with the requirements of applicable national codes and standards, federal regulations or specifications, safety and other directives. Special and additional requirements for handling, cleaning, storing, packaging, preserving, and shipping will be specified by the responsible engineer or scientist on drawings, specifications, instructions, and work authorizing documents.   As a minimum, research facilities must have methods for handling items that are sensitive to Electro-static Discharge (ESD).  Damage from ESD is not always evident.  Sometimes components are degraded and become intermittent under stress.  This can cause havoc during testing as the item may never exhibit a hard failure.   

Items and lots of material that have been determined to be acceptable for intended use will be stored separately from items and lots that are; rejected, non-conforming and awaiting disposition, obsolete, awaiting inspection and/or test. The segregation or identification of items and lots that are not acceptable will be adequate to prevent their inadvertent use. 

Items and material, which are subject to deterioration due to aging, will be handled, packaged and stored in a manner to minimize these effects. Limited life items will be clearly identified and controlled, and will at the expiration of their useful life be deemed non-conforming and not acceptable for use. With the approval of project management and QA, appropriate tests can performed on these items to verify that the material is still usable. All such special situations will be documented and submitted to the project office. 

Control of non-conforming Material

Items that do not conform to stated requirements would be identified as non-conforming and will be removed from the work area, segregated within the work area, or clearly tagged until final disposition of their future use is completed.  Non-conforming items will be identified with and will not be used. Material Review Boards (MRB) will be established to disposition non-conforming material. Laboratory procedures specify the MRB process, members, chair, etc. 

The MRB may authorize the non-conforming material for use only after the technical review has determined that the uncorrected item may be used as-is, or after rework or repair is completed. The decision to use non-conforming items will be documented by the MRB. 

Corrective Actions

Action will be taken, as appropriate, to determine the cause of critical, recurring, trend or pattern non-conformances, and to develop and implement a remedy that will preclude the recurrence of such non-conformances. Quality related information is reviewed and data analyzed to identify items or processes needing improvement. 

The decision to initiate any corrective action will also be based upon an evaluation of the seriousness, and the adverse cost and schedule impact of the nonconformance relative to the cost and difficulty of its correction.  Corrective action may be taken with respect to operations within design, procurement, manufacturing, or other activities, which have resulted in, or would result in non-conformances. 

The primary responsibility for eliminating or minimizing defective system elements and non-conforming articles belongs to the project and quality engineer.

Correcting conditions would initiate these problems rests with the individual group responsible for performing the tasks or producing the articles. 

The project engineer or scientist is responsible for seeing that all appropriate corrective actions are adequate and taken in a timely manner. If the project engineer, scientist or project lead for quality assurance believes that a correction is not adequate or timely, the problem will be documented and need for corrective action brought to the attention of project manager for resolution.  Corrective action is important for two reasons.  First it must correct the discrepant condition.  Second it must investigate root cause and determine actions to preclude its recurrence.  All corrective actions should be documented and maintained as a quality record.

Control of Test and Measurement Equipment

Scope of Calibration Program

The laboratory will calibrate and maintain inspection, measuring and test equipment, whether owned by the laboratory, supplier, subcontractor, collaborator, on loan, or provided by laboratory to demonstrate the conformance of product to the specified requirements. 

Equipment will be used in a manner, which ensures that measurement uncertainty is known and is consistent with the required measurement capability. All measurements will take into account the total error in the measurement process attributable to the cumulative error.  

This will include the calibration chain, measuring equipment and, as appropriate, those contributed by personnel, procedures and the environment. The basis for the calculation of the cumulative error will be recorded. 

Corrective action will be taken when the total error is such as to compromise significantly the ability to make measurements within the required accuracy and precision. The laboratory, suppliers, subcontractors, collaborator will:

· Identify the measurements to be made and the accuracy required and will select the appropriate inspection, measuring and test equipment.

· Identify, calibrate and adjust all inspection, measuring and test equipment and devices that can affect product quality at prescribed intervals, or prior to use, against certified equipment having a known valid relationship to nationally recognized standards; where no such standards exist, the bases used for calibration will be documented.  This will include:

· Establish, document and maintain calibration procedures, including details of equipment type, identification number, location, and frequency of checks, check method, acceptance criteria and the action to be taken when results are unsatisfactory.

· Ensure that the inspection, measuring and test equipment is capable of the accuracy and precision necessary.

· Identify inspection, measuring and test equipment with a suitable indicator or approved identification record to show the calibration status.

· Maintain calibration records for inspection, measuring and test equipment.

· Assess and document the validity of previous inspection and test results when inspection, measuring and test equipment is found to be out of calibration.

· Ensure that the environmental conditions are suitable for the calibrations, inspections, measurements and tests being carried out. 

· Ensure that the handling, preservation and storage of inspection, measuring and test equipment is such that the accuracy and fitness for use is maintained.

· Safeguard inspection, measuring and test facilities, including both test hardware and test software, from adjustments, which would invalidate the calibration setting. Where test hardware (e.g. jigs, fixtures, templates) or test software is used as suitable forms of inspection, it will be checked to prove that it is capable of verifying the acceptability of the product prior to release for use during production and installation and re-checked at prescribed intervals. 

The procedures will establish the extent and frequency of such checks and will maintain records as evidence of control.  Test aids, such as test leads, breakout boxes, mains leads and similar items are not subject to the entire set of requirements defined in this clause, but will be validated in a way appropriate to their usage. 

Measurement design data will be made available, when required by laboratory or his representative, for verification that it is functionally adequate.

Calibration Standards Traceability NIST

The calibration requirements, frequency of calibration, and recall system for each item of item must be established based on purpose, required accuracy, stability, and amount of usage. 

The calibration requirement for equipment will be based upon its most stringent application, and will be revised when its purpose, stability, or usage changes. 

Calibration procedures will be developed and implemented to ensure that the accuracy of the equipment meets programmatic requirements. The calibration program must ensure that: 

· Calibrations are traceable to the National Institute of Standards and Technology (NIST) or comparable foreign government standards laboratories.

· Each item of measuring and test equipment that is subject to calibration and control will be used only if its calibration status is current.

· The calibration status of the equipment is readily discernible.

· Relevant calibration procedures, documentation, and records are prepared and maintained. 

· Calibrated equipment is properly handled and protected to preclude damage that could invalidate the accuracy of the equipment. 

· Measuring and test equipment that is found to be out of calibration is promptly removed from service until re-calibrated. 

· Calibration will be performed when the accuracy of the equipment is suspect; suspect data will be reviewed and appropriate action taken.

Control of Experimental and Developmental Testing

Approved Testing Procedures

Testing will be performed, as appropriate, to provide a means of determining the acceptability of an item for its intended use. Qualified personnel in accordance with instructions or procedures describing the effort to be performed, and the criteria for acceptance will perform tests. The responsible engineers or scientists, in conjunction with quality assurance, plan for all test activities in a timely manner. They determine in advance which tests will be performed, the characteristics or functions that will be tested, the locations at which the tests will be performed, the personnel or groups who will perform the tests and the records or data that are required. 

Test planning is performed for any or all of the following activities: source, receiving, fabrication, assembly, installation, operation, and maintenance. 

The planning has as an objective the prompt detection of non-conformances that could adversely affect performance, safety, reliability, schedule, or cost. 

When required, test results, as they pertain to quality requirements, are documented and conformance to acceptance criteria evaluated.  An indication of acceptability or unacceptability will be traceable to the item being tested. 

Test Configuration Verification

Testing will be performed, as appropriate, to provide a means of determining the acceptability of an item for its intended use. Qualified personnel in accordance with instructions or procedures describing the effort to be performed, and the criteria for acceptance will perform inspections and tests. The project engineer or scientists, in conjunction with the project quality assurance engineer (QAE), will plan for all test activities. They will determine in advance, which tests are to be performed, the functions to be tested, and the locations at which the tests will be performed, the personnel or groups who perform tests, and the records or data that are required.  Test planning will be performed for any or all of the following activities: source, receiving, fabrication, assembly, installation, operation, and maintenance. 

Test planning has as an objective the prompt detection of failures that could adversely affect performance, safety, reliability, schedule, or cost.

Documenting and Review of Test Results

Based on an analysis of the Test Plan, the project QAE should define within the Test Plan the most appropriate way to monitor the performance of test activities, to ensure the adherence to the test procedures, and that any deviations are properly documented and treated. All testing activities related to critical characteristics as identified in the critical items control program will be certified. Self-certification by the operators performing the test activities is not a consideration sufficient for critical characteristics. Testing activities and results to be subject to formal QAE certification will be identified as such in the relevant test procedure. Where safety of personnel or damage to items or associated test equipment is possible, QA personnel has direct authority to stop the test or will give immediate access to anyone who holds such authority.  

It is the responsibility of project management, and the responsible engineer or scientist to establish controls ensuring that only items that are acceptable for use will be permitted into progressive workflows.  Items failing test will be identified as such and will not be permitted to enter or remain in the workflow. 

Control of Application and Test Software

Revision Control and Configuration Management

Requirements for software configuration and revision management must be clearly defined. Suppliers, subcontractors, and collaborator will ensure that configuration and data management rules are provided for, comply with those specified and are applied both by internal and suppliers personnel. The project QAE will attend all software configuration control boards (SCCB) established to review the suitability for release for developed software. During the configuration, verification process the ‘as tested’ software is validated based on the latest approved software engineering data. The quality assurance function will ensure that:

a. The as designed and validated status is defined prior to use for testing.

b. The as tested documentation is properly defined, identified and maintained in order to reflect approved software revisions.

c. Items to be delivered comply with the requirements and/or specifications.

Release for Use Authorization

Software configuration management (SCM) is the process by which, during the development process, the project team identifies the software items that will be included in the baseline.  

SCM also manages and controls that baseline in terms of changes, and audits and reports the status of the project software baseline. 

Configuration management is a key function.  Like quality assurance, it should be established at the beginning of the project and continue until project completion. IEEE’s definition of configuration management: 

A discipline applying technical and administrative direction and surveillance to: Identify and document the functional and physical characteristics of a configuration item; Control changes to those characteristics; Record and report change processing and implementation status; and Verify compliance with specified requirements. 

It includes the four key elements defined by IEEE as critical to effective CM, and conforms to SEI CMM recommendations for effective CM.    

The following areas are vital to the development of a mature and effective CM process:

• Baseline and Release Management, including identification of the individual software items (modules, functions, database descriptions, tables, etc.), must be cataloged as configuration items, and versions documented.

• Change and Version Control, permits parallel development through branching in the main configuration line. 

Version control allows continued and concurrent development while a development line is frozen for validation testing. Additional tools include file comparison, and file merging functions.

• Document management, including management of the requirements, design, and user documentation that represents the design of the product. Documentation is often the first task forgotten and the last task accomplished. We establish procedures to ensure that each requirement, change, screen, and module is adequately documented using impact assessments.  (McDonald Bradley, Inc., 4 Dec 02)

Records and Reporting

Project Records

The documented results required by the QA program will be retained for use during the course of an activity as well as for historical records. Sufficient records will be required and maintained to furnish objective evidence of actions affecting quality. 

The quality assurance records will be legible and traceable to the phase of the activity when they were recorded, and to the applicable item, process or operation. The records will be retrievable for use in evaluation of acceptability and for verification of compliance with the QA program requirements. 

Audits

The adequacy and effectiveness of the QA program will be verified by planned audits. Qualified personnel who do not have direct responsibility in the areas being verified will perform audits. The audits will be performed in accordance with written instructions, and comparisons will be made between actual operations and established requirements. Previous audit reports, non-conforming documentation, and corrective action requests for the area will be reviewed prior to an audit. Emphasis will be placed on determining the sustained effectiveness of action taken to correct previous deficiencies. 

Immediate corrective action will be taken, as appropriate, when defects that will adversely affect quality, reliability or safety are discovered. Interim actions may be initiated to provide needed controls while investigations and implementation of the permanent corrective actions are accomplished. 

Follow up audits or checks will be performed to verify the effectiveness of the corrective actions.  Laboratory quality assurance will independently audit the project quality program for laboratory management.  Audit results will be documented and distributed to project management and the project quality assurance lead.  

An effective quality assurance program is comprised of, as a minimum, internal audit and non-conformance and corrective action reporting, training and analytical proficiency files, properly maintained instrument calibration records and laboratory and laboratory/engineering log records. The evaluator's review of these documents can detect trends and systematic deficiencies that may initiate more sweeping technical evaluations of the laboratory's potential to perform.  Selecting the audit and analysis personnel that will provide the best complement of services for a laboratory project is of utmost importance. Research laboratories are now being subjected to increased facility systems audits by various regulatory authorities and by prime contractors as part of pre-award and post-award evaluations. 

A key element of the laboratory selection and approval process, encourage the proper implementation of analytical methods and provide supporting documentation to demonstrate method performance. 

The objective is to select laboratories that are capable, technically qualified, and credible so that a laboratory performs adequately during a data collection process. Systems evaluations and more intensive process compliance audits may be conducted by a team of two or more auditors.  

To ensure that sampling and analysis data produced in the research and development laboratory is appropriate and scientifically sound.  This means having procedures that are designed to produce data that are reproducible, comparable, reliable, representative, and defensible within known limits of precision, accuracy and sensitivity. The laboratory quality assurance requirements for research and development laboratories must be outlined in the laboratories quality assurance procedures.  To be effective, laboratory audits should include special processes, Project Assembly and Test Records, Policies and Procedures and Critical Suppliers.  

Traceability of Records

Documentation, which defines the quality status of an item, process, operation, or other activity, is considered quality records.   This includes: deviation/waivers, inspection and test data, nonconformance reports, and material certifications. These documents will be retained for use during the course of an activity as well as for historical records. Sufficient records will be maintained to furnish objective evidence of actions affecting quality. 

Quality records will be legible and traceable to the phase of the activity when they were recorded, and to the applicable item, process or operation. These records must be retrievable for use in evaluation of acceptability and for verification of compliance to program requirements.  When required, inspection and test results, as they pertain to quality requirements, will be documented and their conformance with acceptance criteria evaluated. An indication of acceptability or unacceptability will be traceable to the item or material being inspected or tested. 

Retention of Data

The documented results required by the QA program will be retained for use during the course of an activity as well as for historical records.  Sufficient records will be required and maintained to furnish objective evidence of actions affecting quality. The quality assurance records will be legible and traceable to the phase of the activity when they were recorded. They will also be traceable to the assembly items, process and operation. The records will be retrievable for use in evaluation of acceptability and for verification of compliance with the quality program requirements. 

Chapter 5

Summary Conclusions and Recommendations

Summary

An effective laboratory QA program will establish internal quality control programs, monitoring and surveillance functions as management tools for ensuring all project organization functions are executed in a manner that will protect the public health and safety, work toward the success of the project, and meet or exceed contract requirements.  Product and services quality, safety, reliability and environmental acceptability are of paramount importance.  The purpose of laboratory QA program is to assure reliable and accurate analyses. In providing such analyses, quality assurance assures high professional standards in the data generated for customers.  This can be accomplished by the following actions:      

· Hiring qualified personnel and providing timely training. 

· Providing strong management to enable the technical personnel to succeed. 

· Building clear, consistent communication with customers to determine data deliverables and QC appropriate to their needs. 

· Providing a consistent framework for the generation of analytical data. 

· Establish standard operating procedures (SOPs) that permit inter-laboratory comparison of data. 

· Established procedures for demonstrating that analytical protocols are followed and analytical systems are in control. 

The objectives of the quality assurance program are as follows: 

· Define lines of communication and responsibility for the assurance of quality in product and service. 

· Verify the quality of each analytical system for precision accuracy and comparability for the needs of each type of project. 

· Assist in the early recognition of deficiencies that may affect the quality of data. 

· Enable the laboratory to identify and implement corrective actions that are necessary to assure the validity of laboratory data. 

· Require sufficient documentation to verify the quality of data submitted to the customer. 

· This objective applies to data that is produced as well data that is being evaluated.  Data and services must satisfactorily meet the project outcomes or data quality objectives.  
Research data must meet the data quality objectives of customers.  This data must withstand the scrutiny of overseeing regulatory agencies.  In today’s contentious environments, laboratories will be required to produce technically defensible data of documented precision and accuracy.   Personnel engaged in research and development must assume that all reported results could eventually be introduced as evidence in a court of law and therefore, which may include scrutiny of data collection methods, controls and personnel qualifications.
Conclusions
Representatives of senior management must exercise the responsibility and authority to assure that the management's quality policy is implemented and maintained. 

Those responsible for verifying that quality activities are performed in accordance with established requirements and procedures should be independent of those directly responsible for the work.  The fulfillment of management's responsibility includes:

· A quality policy should be adopted by the grantee's senior manager and accepted by all members of management. 

· There should be a prevailing attitude that all members of the organization are responsible for the fulfillment of the quality policy, and management should look to all elements of the organization for assurance that quality is being addressed. 

· There should be a person designated by and reporting to the senior manager to oversee the established quality management system and advise the manager of the effectiveness in meeting project quality objectives. 

· Those responsible for ensuring quality should report one level higher than the activity with which they have oversight responsibility. 

It is important to distinguish between responsibility for the quality policy and responsibility for quality of a project or activity. 

Each person responsible for a project or activity is also responsible for the quality of that project or activity. On the other hand, the QA staff is responsible for participating in the quality processes and for ensuring that these processes are working. 

If the processes are working properly, there is more certainty that the project quality objectives will be achieved.  The QA staff should be identified by project management (PM) as part of the team. 

The QA staff and the QC activities should be seen as helpful in preventing errors that could lead to significant problems and increased cost. The organizational structure should reinforce the concept that the QA staff is part of the project team.

An appropriate approach to carrying out the management responsibility element is to have a quality assurance officer (QAO) reporting to senior management. When the quality assurance role is focused on capital projects, the QAO should report to the manager responsible for the implementation of the capital projects. 
The QAO should be responsible for verifying the implementation and maintenance of the facility quality policy and procedures. 

The QAO should provide oversight of all quality activities, assistance to the PM’s in the development of project Quality Plans, prevention and resolution of quality problems, oversight of contractor QA/QC programs, QA training programs, QA oversight, and QA audits.

The matrix organization for project management provides a mechanism for the PM to have access to QA staff assistance, and for the quality oversight to be provided at a higher management level. 

Some projects divide the QA responsibilities and assign them to functional areas such as design, engineering, assembly, test and procurement. This approach recognizes the specialty skills that are appropriate for QA in these various areas. In large and more developed laboratories it makes sense to have functionally specific quality manuals. However, it is less desirable to split the QA organization because it results in multiple quality programs and procedures within the agency and a less visible programming overall. Such a program can still provide adequate QA/QC activities at the project level.

In general, a lack of a dedicated QA involvement in the research laboratory can cause problems if the project faces budget or time pressures. 

A lack of a dedicated QA staff has often resulted in weakened laboratory quality programs and by default weakened the reliability of the results produced.

Recommendations

Laboratory assessments must adopt of on-site audits to review and verify compliance with general quality systems, methods and project specific criteria. Initial audits should be performed prior to data submission. In addition, periodic audits must be performed during the life of contracts to assess maintenance of proficiency. 

Laboratory audits can evaluate numerous items that affect the quality of data. Audits should include the evaluation of management, technical expertise, facilities, equipment, reference materials, methods, calibration, training, documentation and reporting. A pre-performance audit will identify the capabilities of a laboratory before any data is submitted. Annual follow on audits can be used to identify problems and deficiencies so they can be corrected early in the project saving both time and money.  Audits also send the message that the government and customers will closely monitor contract laboratory performance that may be a deterrent to fraud. 

Data validation requirements should be identified and documented in advance of any analysis. 

Data validation requirements should be specified and oriented to the data quality objectives that are specified in the project QA Plans. Data collection information should be included in this review because the varying environments can affect the validity and the usability of analytical data. Large research and development facilities must incorporate additional performance-based standards for acquiring the services of smaller commercial laboratory services.  This should include developing contract award criteria, setting on-going performance standards, developing standardized Statements of Work (SOW), and having appropriate remedy clauses. 

Incorporating Performance Based Measurement Systems (PBMS) will allow contract flexibility, which encourages the use of innovative technologies for data collection and testing activities. Use of innovative technologies can reduce cost, increase timeliness, and increase data reliability.  The contemporary R&D facility must establish a core capability model and rationale. This model and rationale should focus on maintaining core laboratory competencies necessary to maintain the capability to perform quality assurance oversight of contracted services and laboratory infrastructure required to support the needs of its customers needs at minimum costs.
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There may be no specific references to these documents in this text.  Many of the views expressed in this paper are in fact opinions and views accrued over the last twenty-five years.  Many of those opinions and views reflect guidance obtained from these documents.  Some of these specifications have been discontinued by the Department of Defense, yet remain reputable resources for guidance in their respective topics.  When ISO-9001-2000 is the governing quality system specification, these specifications all would be in addition to those imposed by ISO.  These are engineering, how to specification.  These specifications define requirements for quality, reliability, safety and human factors engineering.  Even with ISO9001-2000 certification, many customers impose additional quality, reliability, safety, human factors, and engineering and environmental qualification requirements.  These must be considered in addition to the quality system specification.  In addition to those requirements technical, process and special processes specifications may be customer imposed.

REFERENCE SPECIFICATIONS

MIL-STD-965  

Parts Control Program. 

MIL-HDBK-217F 

Reliability Prediction of Electronic Equipment

MIL-STD-973, EIA/649 
Configuration Management.

MIL-DLT-31000  

Engineering Drawings and Lists
ANSI-Y-100M  

Drawing Preparation

ANSI-Y-14.5M  

Geometric Dimension and Tolerances  

ISO-10012-2000  

Calibration Program
ANSI/ESD/S20.20 

ESD Program
ISO-9001-2000  

Quality Management System

MIL-STD-785.  

Reliability Program.

MIL-Q-9858A  

Quality Program Requirements

MIL-I-45208A

Inspection Program Requirements

MIL-STD-1520C

Program Corrective Action Systems

MIL-STD1535A

Supplier Quality Program Requirements 

MIL-STD-882D

System Safety Requirements

MIL-STD-1629A

Failure Modes Effect and Criticality Analyses

MIL-STD-883C

Test Method and Procedures for

Microelectronics.
MIL-STD-810E
Test Methods for Environmental Engineering Considerations


IPC-A-610C  
Acceptability of  Printed Wiring Assemblies and Electronic Assemblies

IPC-A-600F


Acceptability of Printed Wiring Boards  
ANSI-J-STD-001C

Acceptability of Soldering  

FED-STD-209 

Clean Room and Work Station 

Requirements, Controlled Environments.

DOD-HDBK-263 
ESD Handbook for Protection of Electrical and Electronic Parts, Assemblies and Equipment

DOD-STD-1686 
ESD Program for Protection of Electrical and Electronic Parts, Assemblies and Equipment.

MIL-PRF-38535 

Microcircuits, General Specification For.

MIL-PRF-19500 

Semiconductor Devices, General

Specification For.

MIL-STD-105 

Sampling Procedures and Tables for

Inspection by Attributes.

MIL-STD-750 

Test Methods for Semiconductor

Devices.

MIL-STD-202 

Test Methods for Electronic/Electrical

Component Parts.

MIL-STD-45662 

Calibration System Requirements.
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OBJECTIVE:

 

Quality/Manufacturing/Production Engineering Responsibility.

 

 

SUMMARY:

 

Twenty

-

five years

 experience in Quality/Manufacturing Engineering assuring the design, manufacture, test and 

qualification of electronic hardware and systems.  Skills include:

 

·

 

Proposal Preparation/negotiation

 

·

 

Writing Directives & Procedures

 

·

 

Data Collection and Analysis

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

·

 

Specification Interpretation 

 

 

 

 

 

 

 

Source Selection/Evaluation

 

·

 

Product Test and Evaluation

 

 

·

 

Oral/Written Communication

 

·

 

Failure Analysis/Corrective Action

 

·

 

Manufacturing Process Evaluation

 

·

 

Project Management

 

·

 

QA Program Management

EDUCATION:

 

M.S

., Quality Control, Kennedy Western University, Thousand Oaks, CA  2005

 

 

B.S., Management / Administration, Boston State College, Boston, MA   1983

 

 

Department of Defense Quality Assurance Program, Boston, MA   1981

 

Certificate, Electrical Engineering, Wen

tworth Institute of Technology, Boston, MA  1974

 

 

A.S., Electrical Engineering, U.S. Navy, ETC, Great Lakes, ILL  1966

 

 

EXPERIENCE:

 

2/2004 to 

 

BOOZ

–

ALLEN

-

HAMILTON

 

                     McLean, VA

 

Present

 

International Consulting firm supporting US Governmen

t and DOD elements.  

 

 

 

Senior Consultant, Acquisition Analyst II

 

Manufacturing/Quality Processes analyst supporting Military System acquisition Programs at ESC Hanscom 

AFB.  Analysis of Risk associated with Procurement, Manufacturing and Qualification te

st processes.

 

 

5/2003 to

 

AMERICAN SUPERCONDUCTOR CORPORATION

 

   Westborough, MA

 

2/2004 

 

Currently involved with TVA power transmission project with 8mw High Temperature Superconductivity (HTS) 

motor.  Also producing a 36.5mw HTS motor for ONR in support of

 next generation electric propulsion Navy 

Destroyer (DD

-

21) now DDX program funded by ONR.  Projected GOR through 2006 70M USD.

 

 

Quality Assurance Manager

 

Responsible for QA program development, System Safety and Failure Modes Effects Analysis programs for

 

various programs at AMSC.  

 

·

 

Implemented a cost effective Quality Assurance Program for all laboratory research projects.

 

·

 

Prepared cost estimates on contractual work statements.

 

·

 

Reduced processing and inspection time on material by implementing a supplier 

certification 

program.

 

 

 

6/2002 to

 

NORTHROP GRUMMAN ELECTRONICS SYSTEMS NSD.

 

Canton, MA

 

5/2003

 

Northrop Grumman is currently producing  Fiber Optic Gyroscopes and Inertial Measurement units,  for a 

number of significant military and commercial programs.  W

ith annual sales of 40 million projected in 2003, the 

majority of the FOG’s are used in military guidance/inertial control systems.  Customers include Raytheon, 

Boeing, Lockheed Martin and General Dynamics.  Quality Management System (ISO 9000/2000)

 

 

 

Seni

or Quality Assurance Engineer (THAAD Program)

 

Engineer supporting contract

-

manufacturing initiatives for NPI, solving SMT, component, process, assembly 

and test related problems. Develops program documents such as SDRLs, Program Plans and Process 

instructi

ons.

 

 Provides technical, managerial, direction for problem definition, analysis.

 

 Makes 

recommendations on company wide system improvements.

 

 Coordinates with management analyzing and 

evaluating product performance with recommendations for system improvem

ents in product engineering, test, 

manufacturing and product costing.

 

 

 

1/2001 to

 

ARTEL VIDEO SYSTEMS, INC.

 

Marlborough, MA

 

12/2002

 

A $24M high tech global firm specializing in video and data over broadband.

 

 

 

Senior Supplier Engineer (Contract

-

Manufacturi

ng)

 

Project Engineer supporting contract

-

manufacturing initiatives for NPI, solving SMT, component, process, 

assembly and test related problems.  Quality Systems ISO 9000/1994

 

·

 

Conducted weekly quality/production status meetings at contract manufacturers fa

cility resulting in 

increased production yields and decreased scrap and rework.

 

·

 

Drove project completion and initiate corrective action in the assembly and test processes with 

operations, engineering and suppliers.
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1999 to

 

GEMINI INDUSTRIES, INC.

 

Billerica, MA

 

2001

 

Systems/acquisition engineering consulting firm supporting the DOD intelligence, surveillance and 

reconnaissance community for new technology evaluation and assessment.

 

 

 

Systems Engineering Consultant

 

Provided s

ystems engineering, analysis of new technology and decision

-

making support to government 

procurement/acquisition elements serving the intelligence, reconnaissance and surveillance communities.

 

·

 

Assured contractor cost schedule, delivery and performance were

 achieved by periodic contractor 

interchange meetings.

 

·

 

Generated technical assessments and feasibility analyses on emerging surveillance sensor 

research/technology for the purpose of selecting next generation technology for the armed forces.

 

 

 

1989 to

 

RAYT

HEON COMPANY

 

Marlborough, MA

 

1999

 

A $14.2B government contractor that manufactures defense training/simulation, missile, RADAR, 

communication and navigation systems.  Quality Systems ISO 9000/1994,  MIL

-

Q

-

9858A

 

 

 

Senior Quality Assurance Engineer II

 

 

Provi

ded project management, systems engineering support, budget allocation and management, proposal 

preparation and negotiation, interpreting technical contract requirements and military specifications, writing 

statements of work, technical proposals, test pro

cedures and test reports.

 

·

 

Conducted system software verification and testing at MILSTAR SATCOM on orbit test and integration 

facility qualifying software for operational use by the Air Force.

 

·

 

Conducted and completed 40 FCA/PCA meetings on the MATE stations

, Interface test Adapters and 

associated software test programs assuring accurate operational baseline to the Air Force.

 

·

 

Received two letters of commendation from the U.S. Air Force in support of IOT&E operations.

 

 

1986 to

 

AVCO

-

TEXTRON RESEARCH LABORATORY

 

Everett, MA

 

1989

 

Research and development division of Textron Defense Systems.  Conducted research and development for  

laser, electro

-

optics, magneto

-

hydrodynamics and materials programs funded by DOD research laboratories.

 

 

 

Quality Assurance Manager

 

 

Ma

naged twenty engineering/quality control personnel and conducted training.  Quality System  MIL

-

Q

-

9858A

 

·

 

Implemented a cost effective Quality Assurance Program for all laboratory research projects.

 

·

 

Reduced processing and inspection time on material by imple

menting a supplier certification 

program.

 

·

 

Resolved contract compliance issues and conducted formal presentations to the Fraud, Waste and 

Abuse Management Committee.

 

 

1984 to 

 

AVCO

-

 TEXTRON DEFENSE SYSTEMS

 

Wilmington, MA

 

1986

 

A $9.2B government contractor t

hat manufactures defense equipment including antennae, tactical/strategic 

weapon systems, guidance systems and aerospace elements.

 

 

 

Senior Product Engineer 

-

 Government Programs

 

Maintained management responsibility on configuration control board (CCB) and

 provided technical support to 

fifty manufacturing/quality control personnel.

 

·

 

Presented product failure analysis data to program management and government personnel for proposed 

corrective action.

 

·

 

Provided engineering support to manufacturing engineering a

nd quality control engineering personnel.

 

·

 

Reviewed contracts, issued program directives that defined contractual requirements, prepared technical 

and cost proposals, managed program budgets and interfaced with customers.

 

 

 

MILITARY SERVICE:

  U.S. Navy, 11/

66 

-

 11/72  Honorable Discharge

 

SECURITY CLEARANCE:

  INTERIM TSEC

 

 

MEMBERSHIPS:

 

 

American Society for Quality ASQ

 

 

Society for Manufacturing Engineers SME

 

 

American Society of Test Engineers ASTE

 

 

American Society of Mechanical Engineers ASME

 

 

American Soc

iety of Industrial Engineers ASIE
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