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a 
PREFACE 

Aerospace industry suppliers are in the midst of exciting and challenging times. After several 

• lean years, aircraft sales are now brisk and the future looks bright. The market forecast for 
aircraft sales over the next two decades now exceeds $1 trillion. But the competition is intense and a 	the customer is more demanding than ever. The primes are fighting for dominance in newly 
developing markets and suppliers will have to be responsive to their requirements. They will have 
to provide a higher-quality product, faster and at less cost than their competition or they will not 
stay in business, regardless of the size of the market. 

• Although the call for improved quality, cost and delivery is not new, the environment is. The 
industry restructuring that is taking place is seeing the development of extended enterprises 
characterized by long-term strategic partnership agreements between primes and large systems 

• suppliers who in turn are forging new and stronger links with component suppliers. Suppliers are 

• now being included in the design process and product development strategies are being aligned up 
and down the supply chain. Dramatic cuts of up to 25 percent in product costs are being targeted 

• as processes are being streamlined and reorganized. Supplier partners are being selected 
• strategically on the basis of their ability to perform and to understand and share the goals and 

•
strategies of the extended enterprise. And they must be world-class. 

• Achieving and holding world-class status is a formidable challenge for companies. Many have 

• tried and failed, some several times. But those who have prevailed and succeeded know what a 
difference it can make to the company and its employees. It starts with a strong management 
support and review function and the recognition that employees are the company's most 

• important and valuable resource. It continues with a ceaseless war on waste in every facet of the 

• operation, and a relentless focus on quality, unit cost reduction, delivery performance and product 
support. It is sustained by a company-wide commitment to continuous improvement. And it never 

• ends. 

All this requires a supporting infrastructure, a quality system. A system in which everyone 
understands their role and the importance of it in assisting their company in competing to win. A 
system which engenders continuous improvement and positive change. 

ISO 9000 can be that quality system. The material in this handbook will help to show the 
way. The case studies and examples that form the basis of this handbook have all been submitted 
by companies that have achieved or are well on their way toward world-class status. This initiative 
is an excellent example of industry and government working together to help industry compete. 
We hope you will find it useful. 

Peter R. Smith 
President and Chief Executive Officer 
Aerospace Industries 
Association of Canada 
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• 
• Chapter 1 • • 
• The ISO Standards used in conjunction with our Continuous Improvement (Kaizen) Program 

have formed the framework for significant improvements in quality and productivity in recent a 	years. We anticipate that continuing emphasis on cost and quality improvements in an 
• ISO 9000 environment will ensure that our products are competitive worldwide and will 
• continue to meet our customers' ever increasing expectations as we enter the next millennium. 

a 
— Gilles P. Ouimet, President and Chief Operating Officer, Pratt &  Whitney Canada,  Inc. 

INTRODUCTION 

a 	PURPOSE OF THE HANDBOOK 

Wherever you work in your company, whether in the head office, in engineering or on the 
• shop floor, your prosperity is directly related to your company's ability to continuously 
• improve the quality of its products and services. This handbook is for everyone in the 

a 	Canadian aerospace and defence industries who is interested in continuous quality 
improvement, including senior management, quality managers and salaried and hourly 

• workers. Quality specialists will find value in the best practices of their colleag-ues in other 
• companies that have been documented here. The handbook will also be an effective tool for 
• communicating ideas on total quality management (TQM), contin.uous improvement and 

a 	ISO 9000 throughout organizations. 

• The handbook assumes that your company: 
a • • has or will be adopting ISO 9001 or ISO 9002*; 

• has or will undertake a broader approach to quality than ISO 9001/2 — your approach is 
• likely based on the principles of TQM and continuous improvement; and 

• • will need to integrate ISO 9000 into its broader quality management system in a manner 
that maximizes business results. 

ISO 9003 has limited applicability to the aerospace and defence industries and is not covered to any great 
extent in this handbook. a 
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We also realize that Canadian aerospace and defence companies are at various stages of their 
ISO 9000 and other quality improvement initiatives — from just beginning, to well-developed, 
to trying again. Some companies are using ISO 9000 as a starting point for a TQM-based or 
similar continuous improvement process while others are bringing ISO 9000 into a TQM 
system that has already been implemented. 

There are many publications that focus on how to implement ISO 9000, including topics such 
as choosing a registrar, preparing a quality manual, documenting procedures and the 
registration audit. We do not try to duplicate those books, although we do revisit these issues 
to discuss how to maximize the benefits from ISO 9000. We believe that this can be achievéd 
by implementing ISO 9000 in a manner that is compatible with TQM/continuous 
improvement principles. References to publications dealing with ISO 9000 implementation 
are provided in Appendix B. 

BACKGROUND 

The list continues to grow: D1-9000, SAE ARD 9000, ISO 9000, ISO 14000,  FARS, CARs, 
TQM, continuous improvement, Six Sigma, national and regional quality awards,  NAD CAP, 
and Bronze, Silver and Gold supplier ratings. Quality is a journey that never ends. But how 
can a company make effective progress when there are so many signposts, checkpoints and 
possibly detours along the way? One of the greatest challenges facing management today is 
how to deal with a such a vast array of quality standards — meeting them where necessary, 
exceeding them where it makes business sense, and using them as tools to develop a world-
class quality system. 

It is not enough for the quality department, in isolation, to understand how everything fits 
together and determine how to proceed. To keep the company on track, everyone else will 
have to understand and buy into the quality system. This can be difficult when there are so 
many competing and overlapping programs, processes, and standards being put into play. We 
have tried in this handbook to provide an integrated view of these concepts that will be useful 
to the aerospace and defence industries. 

There is a growing consensus within aerospace, defence and other industries that ISO 9000 
can provide a common basis for understanding, designing and implementing basic quality 
systems. Far from imposing a rigid "one size fits all" quality system on all companies, 
ISO 9000 sets out standards that any effective qu.ality system should meet. Other 
requirements, be they unique to individual customers or industry-specific standards, are more 
easily understood using ISO 9000 as a reference point. Used properly, the ISO 9000 standards 
allow companies to avoid "reinventing the wheel" where quality systems are concerned and to 
focus more effort on the unique features of their quality systems that can provide an 
"advantage over competitors. 

1 - 2 
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a 
S 	There is considerable misinformation and confusion surrounding the purpose, costs and 
• benefits of ISO 9000. The situation is further complicated by changes in the underlying 
• philosophy of quality management that have occurred in the past decade, and by the 

• proliferation of other quality requirements. This handbook will clear up many of these issues. 
There is mounting evidence that the benefits companies attain from ISO 9000 are highly a 	dependent on how and why they implement it. ISO 9000 registration can be a cost of doing 

• business or it can be an effective investment that can help your company attain its quality 
• and productivity goals. The effectiveness of your ISO 9000 implementation and use of the 

• system will determine the outcome. 

This handbook is designed to assist Canadian aerospace and defence companies in getting the 
maximum value out of ISO 9000 as a tool for building world-class organizations, based on the 

• principles of TQM and continuous improvement. ISO 9000 does not encompass TQM, but 

a 	many quality practitioners consider that it is consistent with TQM principles and can be used 
as a "starting point," "framework" or "tool" for use in implementing TQM. This handbook is 

• written from the viewpoint that ISO 9000 can add tremendous value to your company's TQM 
• effort. Throughout the handbook, we have stressed continuous improvement, a TQM concept 
• that, when practiced effectively, can  be a company's most effective competitive weapon. 

Although there are various interpretations on the extent to which ISO 9000 overlaps with 
• TQM and how they can best be integrated, there is also a great deal of consensus. This 

publication vvill focus on those areas of consensus but will also identify areas where there 
• exists a range of opinion. Both types of information should be useful to companies as they 

design and continually improve their quality systems to reflect their unique operating and 
business environment. 

• There have  been  major developments in the quality standards area in the past few years, 
• particularly with respect to the aerospace and defence industries. These are continuing. We 

provide a review of these developments and future trends. Our goal has been to provide a 
clear, concise description of the quality standards situation as it applies to the Canadian 
aerospace and defence sectors, vvith emphasis on the underlying goals of the standards - 

• meeting customer and regulatory requirements. 

Support for ISO 9000 is growing.  Over 90 nations and numerous military organizations, such 
as the Department of National Defence (DND), U.S. Department of Defense (DoD), and North 

• Atlantic Treaty Organization (NATO), have endorsed ISO 9000. Although North American 
• industry got off to a slow start on ISO 9000, it is making up the distance rapidly. Of the more 
• than 90 countries where ISO 9000 has been accepted, over 30 have a third-party audit system. 

The number of registrations has grown very rapidly, and so has the debate on the true value 
of ISO 9000. We discuss the principal issues of this particular controversy in Chapter 2. Many 

Ile 
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companies are already going beyond the issue of getting registered to getting the most value 
out of their ISO 9000 initiatives. 

As this handbook is being written, a new ISO standard is about to create a wave throughout 
industry that may have a magnitude similar to ISO 9000. The ISO 14000 series of 
environmental standards will potentially impact industry's approach to environmental 
management as greatly as ISO 9000 has impacted quality management. This handbook 
discusses the ISO 14000 standards and how companies can integrate them, along with 
ISO 9000, into a comprehensive, organization-wide system for achieving competitive 
advantage. 

CASE STUDIES AND OTHER INPUT FROM 
CANADIAN AEROSPACE AND DEFENCE COMPANIES 

This handbook is based on information provided by Canadian aerospace and defence 
companies who are integrating ISO 9000 into their quality processes. It is backed up by a 
review of recent publications dealing with the relationship between ISO 9000, total quality 
management (TQM) and continuous improvement. The handbook content has been reviewed 
by numerous industry quality practitioners, and their feedback and ideas have been 
incorporated throughout. 

The case studies and articles from Canadian aerospace and defence companies that appear 
throughout this handbook, starting at the end of this chapter, demonstrate how ISO 9000 can 
be used as a basic framework that, along with other quality principles and methods, can help 
achieve continuous quality improvement. They not only discuss ways of implementing 
ISO 9000 effectively but they also address the linkages between the ISO elements and TQM 
principles and methods that lead to performance improvements. The articles come from 
companies varying widely in size that are involved in many different product areas within the 
aerospace and defence sectors. 

The following table explains what you will find in each chapter of this publication. To put this 
handbook to use, you won.'t have to read it cover to cover. Each chapter has been designed to 
be read on its own. 

l-4 
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The purpose and scope of the handbook. 

• Total Quality and Continuous Improvement: Essential for Canadian 
Aerospace and Defence Companies • Global competition continues to challenge Canadian aerospace and defence 

• companies. Continuous quality improvement is a key element of aerospace 
• and defence companies' strategies to meet this challenge. Controversial 

• issues such as the value of the ISO 9000 standards and of third-party 

a 	 registration are discussed, including an examination of some of the 
misinformation that has been circulating. 

• ISO 9000 as a Basis for Continuous Improvement 
• This key chapter looks at the ISO 9000 series as specifications for a quality 
• system and how such a system can be an effective business tool. It reviews 

• the main principles of TQM and continuous improvement and shows how 
the ISO 9000 series can support their use. 

•  
O Using ISO 9001/2 to Create Continuous Improvement • Here the 20 elements are discussed from the perspective of maximizing their 

• usefulness for continuous improvement. The linkages among the elements 
• are discussed, demonstrating the underlying systems approach of ISO 9000. 

• Ideas on interpreting the elements, from a TQM perspective using 
ISO 9004, are provided. 

• ISO 9000 Implementation: Maximizing the Benefits 
This chapter discusses implementing an ISO 9000-based quality system as 

• part of a TQM approach. Even if your company has achieved ISO 9000 
• registration, you will want to read this chapter, since many of the ideas can 

• be used on an ongoing basis. 
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CHAPTER WHAT YOU WILL FIND IN THIS HANDBOOK: 

O Aerospace and Military Quality Standards: Current Situation and Future 
Trends 
The aerospace and defence industries have operated under a number of 
military and commercial quality standards before ISO 9000. They are now 
being replaced or modified. The ISO 9000 series are not static. First released 
in 1987, the 1994 versions incorporated several changes. Find out where 
ISO 9000 will go in the 21st century and how other aerospace and military 
standards are evolving to coexist with it. 

@ Frameworks for Measuring Quality Improvement: 
Comparison of ISO 9000 and the National Quality Awards 
Measurement is an essential component of any effective continuous 
improvement process. ISO 9001/2 registration provides a "first rung" on the 
ladder to quality excellence but companies need a more comprehensive, 
open-ended system. Several approaches, and their relationships to 
ISO 9000, are discussed. 

O ISO 14000 Standards for Environmental Management 
The ISO 14000 series will have a major impact on environmental 
management. Learn more about the standards and how they will be used 
and integrated with a company's overall management system. 

Appendix  A ISO 9000 Networking Contacts 
There is a tremendous amount of assistance available for companies that is 
relatively inexpensive to access. Here is a list of educational and not-for-
profit organizations whose goal is to help Canadian companies succeed and 
who can provide ISO 9000 or TQM-related assistance. 

Appendix B 

Appendix C 

Index 

References from the Quality Literature 
Some selected references from the quality literature are provided. 

Glossary of Acronyms 

Use this detailed index to find where quality topics and terms are discussed. 
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AFFORDABILITY AND TEAMING TO WIN 
• Report On Messier-Dowty's North American Supplier Conference 

• Summary 

Messier-Dowty Inc. is a leading manufacturer of aircraft landing gear, with facilities in 
• Canada and Europe. See the case study on p. 192 for a profile of the company. 

• Messier-Dowty held its first North American Supplier Conference in Toronto in October 1996. 
Representatives from more than 100 suppliers, major customers and five Messier-Dowty • (M-D) sites world-wide were present. During the two-day conference, several key themes 

• emerged; they are discussed below. 
a 
• The aerospace market will provide significant opportunities for growth over the next two 

decades; however, aerospace companies face major challenges. The industry's ultimate 
customers, aircraft operators, are becoming more demanding and competition is increasing. 

• Successful companies will be part of world-class supply chains, consisting of suppliers and 
• customers who work closely together to win new business and deliver high-quality products 

• and services at competitive costs. As these supply chains develop, customers will continue to 
reduce their supplier base and place greater deman.ds on their preferred suppliers. They will 
also strive to become preferred customers by providing more support to their preferred 

• suppliers through the sharing of market information, business practices and technology. 

• The new business paradigm involves supplier—customer integration of manufacturing and 
business processes to continuously improve performance. Companies throughout the supply 
chain will be expected to become involved in programs at an early stage and to share in both 

• the risks and the rewards. To be part of a world-class supply chain, companies will need a 

• sound basic quality system. They will need to continuously improve quality, costs, cycle times 
and any other performance characteristics relevant to customers. These improvements should 
not be made at the expense of profitability, since this would be harmful to long-term survival. 
Companies must improve performance by squeezing out non-value-added activities, not by 

• squeezing profit margins. 

• Conference Highlights 

The conference was opened by Gary Sharpe (Quality Director, M-D Inc., Toronto) who 
introduced Dominique Paris (Chief Operating Officer, M-D). Mr. Paris provided an 
overview of the company's heritage, ownership and operations. Geoff Smith (Managing 
Director, U.K. & North America, M-D International) described the aerospace market outlook. 
With a $1.1 trillion potential market over the next 20 years, the industry's prospects are 
excellent. Increasing customer expectations and supplier competition will, however, make this 
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an increasingly tougher market. Aircraft operators are demanding more affordability, greater 
flexibility and improved lead times. The M-D response involves continuous improvement of all 
its processes (including breakthrough improvements) and assisting its suppliers to achieve 
similar improvements. 

Peter Booth (Director of Materiel, M-D Ltd., Gloucester, U.K.) described the M-D 
procurement organization, goals and policy. Goals include high quality and continued 
reduction in total costs and lead times. The M-D purchasing strategy includes global sourcing, 
world-class supply chain of preferred suppliers, long-terni arrangements, teaming to achieve 
mutual benefits,.continuous improvement and being a preferred customer. 

Tony Wood (Vice President, Materiel Management, M-D Inc., Toronto) discussed continuous 
improvement, performance measurement and supplier/customer integration. Customers 
cannot afford to micro-manage suppliers; they need proactive supplier participation. M-D's 
Supplier Ratin.g System (SRS) plays a vital role in continuous performance improvement. SRS 
objectives include measuring suppliers equally, providing a better understanding of total costs 
and supporting continuous improvement. 

Nigel Allsopp (Technical Liaison Director, M-D Inc., Montreal) elaborated on M-D's 
approach to customer-supplier integration. It is characterized by a joint strategic approach, 
candid communications and the mutual confidence to invest in new capabilities. Its scope 
includes both manufacturing and business processes. Manufacturing integration involves a 
"marriage" of technologies and suppliers taking on more responsibility. Business integration 
includes the use of information technology and streamlining processes. 

M-D's preferred suppliers must be responsive and flexible. This may require adding new 
capabilities and, in some cases, reorganization of manufacturing to include cells for M-D 
items. M-D strives to be a preferred customer by helping suppliers develop improved 
capabilities and reduce costs and by providing business continuity. 

Guy Giard (Vice President, Operations and General Manager, M-D Inc., Montreal) 
summarized the M-D approach to customer-supplier integration, stressing the need for close 
cooperation between M-D and supplier personnel in quality, engineering, manufacturing and 
commercial functions. The contract administrator must coordinate these functions effectively. 

Barry Fletcher (Vice President, Customer Support, M-D Inc., Toronto) described the 
current environment and trends in customer support, a key function for providing operators 
with the lowest total cost of ownership. Operators are increasingly focussing on maintenance 
costs as the one variable they can influence. They are constantly seeking cheaper sources of 
supply, especially for consumables such as bushin.gs and repairs. Spares stocking by operators 
is almost a thing of the past. They rely almost totally on M-D's ability to supply spares at 

1 - 8 



a Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

• short notice. M-D's response is to improve supply performance by reducing lead times and 
improving flexibility in the supply chain. 

Jonathan Schofield (Director, Production Control, M-D Inc., Toronto) discussed delivery 
reliability, a major aspect of affordability. Delivery reliability means full-quantity, defect-free 

• and delivered on the customer-defined requirement date. To help suppliers improve delivery 
performance, M-D works to provide stable requirements with long-term visibility as well as 

• effective performance measures. Open and honest communication on schedules and 

• willingness to take on more responsibility such as kitting are key success factors. The best 
supply chains are highly responsive, flexible, focussed on long-term commitment and mutual 
gain, and work tirelessly toward world-class performance. Given the current level of 

• competition, only the best supply chains will survive. Those that do will attract additional 
• business. 

R. Wasson (Chief Financial Officer, M-D International, Abbington, U.K.) provided a financial 
• perspective of affordability, including key variables such as cash flow, working capital, 
• operating profitability, capital spending and return on investment (ROI). Maintaining 
a 	profitability and financing growth were identified as major challenges. Adequate cash flow is 

needed to finance current obligations and future growth. An aggressive but useful target is a 
cash flow at least equal to operating profit. Increasing the number of inventory turns is 

• another high-priority goal. Companies need an ROI of 10 to 15 percent in order to ensure 
continued availability of capital. To achieve long-term viability, cost reduction must come 

• from process improvement, not squeezing margins. 

a Gary Sharpe (Quality Director, M-D Inc., Toronto) discussed the M-D PRIDE system. 
• PRIDE (Process Requirements in Developing Excellence) is based on ISO 9000, with 
Ile 	airworthiness and additional M-D requirements highlighted. First launched in 1993, the 
• system is being extended to all M-D sites and suppliers. PRIDE will enable M-D and its 

suppliers to ensure quality while reducing costs and cycle times. The system has already a enabled the elimination of receiving inspection at M-D's Gloucester facility, with a resultant 
• major cost saving. This improvement will be extended to all M-D sites. 

• Chuck Kahler (Vice President, Wing Responsibility Centre, Boeing Commercial Airplane 
Group, Seattle, U.S.) described the company's lean manufacturing system, including 
suppliers' roles. Lean manufacturing is based on understanding the value-added chain, 

• eliminating waste and pursuing perfection. Because over 50 percent of the value of its 
• airplanes comes from its suppliers, Boeing places considerable importance on its supplier 
• strategy. The company develops long-term partnerships with key suppliers, based on the 

extended enterprise concept. Boeing's D1-9000 Quality System, Revision A (incorporating 
ISO 9000) is a cornerstone of its supplier strategy. 
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Bob Juergens (Director, Supplier Management & Procurement, McDonnell Douglas 
Corporation, St. Louis, U.S.) described the defence aviation market, in which continuing 
procurement reductions are leading to overcapacity and very aggressive competition. In 
response, McDonnell Douglas intends to be the most affordable and fastest-to-market supplier 
of military aircraft, while maintaining world-class quality. Faster lead time is an important 
market discriminator and can also improve affordability by reducing financing and inventory 
costs. McDonnell Douglas is reducing its supplier base and is raising its expectations of 
suppliers. Continuous improvement is seen as a must since what is revolutionary today will be 
commonplace tomorrow. 

J. P. Holding (Group Executive Vice President, Engineering and Product Development, 
Bombardier Aerospace Group, Montreal) defined global competitiveness in terms of the 
following requirement: deliver a product that meets the customer's expectations, on time and at 
the lowest possible cost, while providing a good return on investment. The Bombardier 
Engineering System, which provides a framework for addressing this requirement, covers 
integrated product development, project management and business process management. 
Under this system, primes manage the overall configuration and interface function, while 
partners assume detailed system design responsibility. Partners participate throughout all 
stages of the project. 

Alan Wakeham (Head of Procurement, BAe/Airbus, Bristol, U.K.) described the European 
consortium's view of global competition and how procurement plays a vital role in being 
competitive. BAe/Airbus has developed a procurement vision for its global supply chain that 
emphasizes creating a "win-win" partnership with suppliers. Customers and suppliers need to 
go beyond contractual arrangements to work as partners in problem-solving, developing 
competitive bids and sharing risks. There is a lot of difficult work required to improve the 
supply chain in order to address the coming market opportunities but it can be achieved 
through close cooperation and continuous improvement. The next five years will be critical. 

S. D. Woolings (President and General Manager, Interfast Inc., Toronto) described his 
company's computer-based system for fully integrated inventory management. The system is 
designed to facilitate a seamless partnership between manufacturer, distributor and end user, 
where each partner does what it does best. The system includes global sourcing, electronic 
data interchange (EDI), just-in-time (JIT) delivery and supply of fully traceable kits of parts 
to customers. Examples of major cost and cycle time improvements were provided. 

M. G. Tutcher (Director of Sales and Marketing, Normalair Garrett Ltd., Yeovil, U.K.) 
discussed Normalair's approach to building long-term customer relationships. Normalair 
identifies strategic customers for whom it can provide value through technology, experience 
and manufacturing capabilities. Normalair's business approach includes being prepared to 
share risks and understanding that both parties must win. In response to customer needs, the 
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company develops total system capability. Normalair stresses effective communications and 
• cooperation with customers. 
• 
• G. Orsali (President, Outillage Gyotech Inc., Montreal) described how he is building his 

small but entrepreneurial company by being highly responsive to customer requirements, by 
having an integrated quality system and an effective communications path, and by reducing 

• costs through business system integration. He emphasized the importance of developing 
• employee sldlls and pride of workmanship. 

Spence Nelson (Vice President, Mayday Manufacturing, Dallas, U.S.) discussed how an 
aerospace supplier can survive and grow. The organizational culture must include motivated 

• ownership, temperament for partnering, willingness to grow and continuous improvement. 
• Suppliers can succeed by finding and defending a market niche. This requires reducing the 

• company's product line to fit its core competencies as well as controlling and improving key 
processes to establish operational superiority. 

• Ken Laver (President, M-D Inc., Toronto) wrapped up the conference by summarizing the 
• main themes that emerged from the presentations. He pointed out that the customer-supplier 

associations advocated throughout the conference represent a departure from the traditional 
North American business culture and stressed that they are needed to compete globally. 

• Instead of "only the strong survive," the new reality is "not even the strong can survive 
• alone."2Suppliers will need to become preferred suppliers and identify their preferred 
• customers. The status quo will not be a viable option. 
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Chapter 2 • 

TOTAL QUALITY AND CONTINUOUS IMPROVEMENT: 
ESSENTIAL FOR CA1VADIAN AEROSPACE AND DEFENCE COMPANIES a 
Our customers expect two things from Bombardier: quality and innovation. The Bombardier 

• quality lies not only in the quality of the product, but in the way we deliver and support our 
• product. 

a 
• CHALLENGES FACING THE CANADIAN AEROSPACE AND DEFENCE INDUSTRIES 

With annual sales of over $10 billion, Canada's aerospace industry is the sixth largest in the 
world. Close to 70 percent of its sales comes from exports, making the industry much larger 

• than could be supported by the Canadian market alone. The ability of Canadian aerospace 
• companies and facilities to compete globally has been crucial to the industry's growth and to 

the existence of approximately 60 000 aerospace jobs in this country. 

• The 1990s have so far been a decade of unprecedented challenge to the Canadian aerospace 
• and defence sectors — reduced military and civilian budgets, increasing customer demands 
• and rising competition from around the world. The growth of aerospace industries and 

markets in other parts of the world, particularly in the Asia Pacific region, poses both threats 
and opportunities to the Canadian aerospace industry. The excess of global competition for 

• the available market, as well as increasing product development costs (in the tens of billions 
• for a new wide-bodièd aircraft) have resulted in the need for international alliances among 

• manufacturers. Aerospace products will be designed, manufactured and serviced where it is 

• .most cost-effective to do so. 

The trend toward increasing intensity and globalization of competition is expected to continue 
for the foreseeable future. Ken Pole, writing in Wings Magazine Aerospace Industry 
Supplement (Issue 4, 1995) stated: "The industry simply cannot afford complacency as 
competitors elsewhere cast their shadows further and further afield in the quest for new 
markets that will guarantee employment at home." The industry has responded with 
comprehensive efforts to improve product and service quality while reducing costs and cycle 
times. Among these efforts have been the introduction of TQM and similar management 
approaches. At the same time, major restructuring and re-engineering efforts have also been 
undertaken. 
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The trends toward supplier reduction and strengthening customer–supplier relationships, 
first seen in the 1980s, are continuing. This is true for the primes as well as first and second 
tier suppliers. One manufacturer interviewed during preparation of this handbook has 
reduced its supplier base by 30 percent in recent years. Throughout the supply chain, 
customers have been increasingly demanding more from their suppliers, including shifting 
responsibilities for quality management to them. Customers want to reduce the risks and 
costs of their programs, including those associated with procurement. They expect their 
suppliers to continually improve to help them do so. Suppliers and subcontractors' margins 
are under increasing pressure. Some multi-year contracts include a continuous improvement 
clause, requiring yearly cost reductions. 

In spite of the n.ew demands for affordability and efficiency, aerospace customer requirements 
for product quality are as stringent as ever. According to Gary Sharpe, Quality Director at 
Messier-Dowty Inc., risk reduction is of major importance to aerospace customers. In this key 
area, the requirements of customers and those of regulatory authorities are geared to the 
same results — safe aircraft. Other key factors include reliability, durability, maintainability 
and weight. 

To maintain margins, suppliers are searching for ways to reduce costs and add increased 
value. Although the market is tougher than ever, there are also more opportunities, due to 
increased out-sourcing. There is great potential to increase sales and differentiate your 
,company from its competitors by supplying subassemblies as well as components, and by 
taking on more design and engineering work. 

The shift toward just-in-time (JIT) delivery has necessarily led to reduced emphasis on 
inspection as a means of ensuring quality. There is often no time for testing of components 
prior to installation. The industry is being transformed by the creation of "seamless" design, 
development and production systems crossing customer–supplier boundaries and requiring 
their activities to be highly coordinated. As original equipment manufacturers (OEMs) do 
more out-sourcing and operate more closely with their suppliers, they are requiring more 
quality and performance-related data from them. Making these systems work effectively 
requires a consistent, systems-oriented approach to quality throughout each company. The 
ISO 9000 quality standards provide a foundation for developing the needed approach. 

To become more competitive, many companies are emphasizing business processes that often 
span more than one functional department. Quality is increasingly being recognized as a 
critical part of processes throughout the company and not just an activity of the quality 
department. Responsibility for the quality of process outputs is being assigned to the people 
who own and operate the processes, rather than to quality inspectors. As part of this 
transformation, the role of quality assurance is changing. Instead of concentrating on 
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a 
inspection, quality practitioners are focussing their efforts on developing, supporting and 

• monitoring the operation of the company's quality management system. 

• Aerospace and defence companies of all sizes are being affected by these trends. Adjusting to 
them is particularly difficult for small to medium-sized companies because they are subjected 

• to differing sets of requirements from different customers, often to obtain similar objectives. 
• They have to meet these multiple requirements rapidly but often do not have the required 
• extensive overhead resources. 

On the environmental front, the aerospace and defence industries, like all manufacturing 
sectors, have come under increased pressure from a wide range of stakeholders, including 

• government regulators, shareholders and the general public, to be more environmentally 
• responsible. The increasing importance of environmental management has led to development 

of the ISO 14000 series of standards, the first of which were released in 1996. These 
standards, which are discussed in Chapter 8, have been strongly influenced by the ISO 9000 
approach and are aligned with ISO 9000. 

• THE ROLES OF QUALITY AND CONTINUOUS IMPROVEMENT 

On the quality journey, turbulence has been encountered but aerospace and defence 
• companies are staying on course. Unlike their counterparts in most other industry sectors, 
• they had previously implemented formal quality systems, based on standards such as 
• MIL-Q-9858A, MIL-I-45208 and AQAP-1, -4 and -9. These standards contain many of the 

elements found in ISO 9001/2. Some companies have also worked to customer standards, such 
as Boeing's D1-9000, which has included basic quality system requirements that are 

• equivalent to ISO 9002 plus a comprehensive set of advanced quality system requirements. 
• 
• In the late 1980s and early 1990s, many aerospace companies embraced the TQM principles 

championed by Edwards Deming, Joseph Juran, Philip Crosby and others. The definition of 
quality was expanded to cover all aspects of customer satisfaction, rather than just product 

• conformity with contractual requirements. Aerospace companies launched TQM initiatives 
• that included the use of process improvement tools and teams, organization-wide assessments 

• and major efforts at "organizational culture change." 

• Like the rest of North American industry, the aerospace sector has had to deal with disruptive 
• events such as supplier base rationalization, downsizing, reorganization and mergers during 
• the first half of the 1990s. These events have made it difficult to smoothly develop a 

• comprehensive quality system, based on TQM or similar principles. Given the turbulent 
business environment and magnitude of the transition from conventional management to a TQM, it is not surprising that the degree of success achieved has varied. In spite of numerous 

• setbacks and false starts, many aerospace companies have made significant gains as a result 
a 
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of their quality initiatives. The Canadian Aerospace Industry Handbook on Total Quality 
Management (Industry Canada, Ottawa, 1993) provides numerous examples of how aerospace 
companies have achieved excellent and lasting results from quality improvement initiatives. 

Quality continues to be a vitally important factor in determining which companies 
will be the winners in the global aerospace and defence industry competition. Even 
for companies that are producing outstanding results such as extremely low defect rates, 
there is huge untapped potential for quality gains. Companies must continue to strive for 
even lower defect rates and more satisfied customers. TQM deals with quality of products, 
services and processes. Improving process quality can mean reducing costs and cycle times. 
How much does it cost your company to achieve a given defect level? You can improve process 
quality and lower this cost. Even if your customers are satisfied because their requirements 
are close to 100 percent met, you can improve the quality of your innovation process and help 
your customers discover new opportunities. This will give rise to new business opportunities 
for your company and, of course, new customer requirements to be met. According to 
Edgar Boge, Quality Assurance Manager at Menasco Aerospace, there is considerable scope 
for increasing the effectiveness of quality management within the aerospace industry, 
particularly in the areas of quality planning and statistical methods. 

Are there constraints on continuous improvement? Proponents of TQM argue that 
continuous improvement is a never-ending process. The quality literature assumes that improving 
quality always results in a payback. According to Nick Budd, Quality Assurance Manager at Litton 
Systems Canada Limited, this is a challenge in the aerospace and defence industries where short 
production runs can make it difficult to justify the required investment. Nevertheless, Budd and 
other quality managers indicate that there is considerable scope for quality improvement within the 
aerospace and defence industries. Effective quality planning and use of statistical data on processes 
and products are essential for achieving cost-effective process improvement. Meeting the 
requirements of ISO 9001/2 will help ensure that this can be achieved. 

Service quality is another frontier on which aerospace companies now are beginning to place 
more emphasis. The value of a company's products to its customers depends directly on the 
services that go with them. Without outstanding service quality, products will not be 
contributing maximum value to your customers. Examples of service quality initiatives 
include: 

• Pratt & Whitney Canada (P&WC) uses a process improvement method, based on the 
principles of kaizen, a Japanese term meaning gradual unending improvement by doing 
little things better and setting and achieving higher standards (see Kaizen: The Key to 
Japan's Competitive Success, by Masaaki Imai, McGraw-Hill Publishing Company, 
Hightstown, N.J, 1986). P&WC's approach to kaizen is somewhat different in that it 
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a 
includes both incremental and breakthrough improvements and incorporates a specific 

• format — week-long kaizen events during which a team of employees uses process 
• mapping and other tools to optimize the process in which they routinely work. When the 

• company began using this approach, most of their kaizen events dealt with shop floor 
improvements. This year, 85 percent will be service and business process-related. 

• • Aircraft maintenance is a major issue with aircraft operators. Bombardier Inc. Canadair 
• has developed a Failure Reporting Analysis and Corrective Action System (FRACAS) to 

• optimize  its  approach to servicing its Regional Jets. The system is designed to provide 
fewer service interruptions, lower operating and maintenance costs and better logistics a and procedures (see p. 92 for more information on FRACAS). 

• Regardless of where your company is on the quality journey, quality has tremendous potential 

• that can be brought to bear on your fundamental business objectives: profitability, growth 

O 	and survival. ISO 9000 can be an important part of the picture. Before getting into these 
details, we will first review some essential quality concepts. 

• IMPORTANT QUALITY TERMS • 
The quality field has it own set of terms, some of which are occasionally overused or even 
"stretched out of shape." The definitive reference on qualityvocabulary is the ISO 8402 

• Standard: Quality Management and Quality Assurance Vocabulary (International 
• Organization for Standardization, Geneva, 1994). Five of the most important quality terms 

• are described below. Many readers will know these terms but some will not or will at least 
want to review them. 

•
11111 

Quality: all characteristics of a product or service that affect its ability to satisfy stated or 
• implied requirements. 

Quality Control: techniques and activities that are used to meet quality requirements. 
These include monitoring quality and eliminating causes of unsatisfactory quality. 

• Quality Assurance: activities undertaken within the quality system used to provide 

• assurance that a product or service will meet quality requirements. 

Quality Management: activities undertaken as part of the overall management fiinction 
• dealing with planning, implementing and improving the quality system. 
• 
• Total Quality Management: a management approach of an organization, centred on 

quality, based on the participation of all its members and aiming at long-term success through 
customer satisfaction, and benefits to all members of the organization and to society. 
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Taken together, these five terms lead to the following conclusions: 
• Quality is more than "zero defects" — it means satisfying customers. 
• Achieving quality requires more than using conventional, inspection-based quality 

control. Quality has to be managed, and everyone in the organization has a role to play. 

The Canadian Aerospace Industry Handbook on Total Quality Management makes the point 
that quality is one of the most important strategic issues facing Canadian industry in the 
1990s. It emphasizes four key elements of TQM: 

• Management leadership: In a TQM company, managers achieve their objectives by 
leading, coaching and supportin.g, rather than by directing and controlling. Senior 
management must lead the strategic quality effort and all managers must support them. 

• Employee involvement: Employees in a TQM company have the motivation, mandate 
and means to achieve a positive impact on quality. They work in teams, along with 
specialists, to improve the processes they work on. Decision-making is done as close as 
possible to where the impact of the decision happens. 

• Customer focus: Understanding customer needs and not just meeting them, but 
hopefully exceeding them, is the focus of a TQM company. 

• Continuous improvement: Analyzing, understan.ding and improving all of the 
company's processes, products and services should be done, not only to achieve slow, 
incremental improvements but also "breakthrough" improvements. Most approaches to 
continuous improvement involve cycling through several steps, to prioritize problems, 
analyze root causes, undertake corrective action and verify that it works. The most widely 
kn.own method is the Shewhart/Deming Plan-Do-Check-Act cycle. Aerospace companies 
have developed continuous improvement methods to suit their own needs. Figure 1 
outlines the main steps in the continuous improvement method used by CAE Aviation 
Ltd. 

There are numerous other definitions of TQM, generally overlapping a lot, but with some 
subtle differences. The definition shown above defines TQM as a broad approach to quality, 
not a specific formula or program. Let us move-  on to how ISO 9000 fits in. 
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ISO 9000: A KEY COMPONEInIT OF THE QUALITY PROCESS 

Of course I support ISO 9000 because we cannot check all product. And also we cannot check if 
this product works up to ten years later under all customer conditions. 

— Genichi Tagu.chi 

There are basically three ways to achieve quality: individual craftsmanship, inspection, and a 
comprehensive quality system, as outlined below. Because of the complexity of modern 
industry, individual craftsmanship is not sufficient. Nevertheless, the competence and 
dedication of individual employees are essential to make the quality system work effectively. 
Inspection has been the principal means of achieving quality ànd will probably always be part 
of the quality system. It is, however, the last line of defence against poor quality and certainly 
not the most cost-effective one. For every cost incurred in inspecting out a defect, there is also 
a cost associated with creating the defect. Inspection does not place responsibility for quality 
with the people who make the product — instead, quality problems are shifted to the quality 
department. 

Another problem with inspection is that it is not entirely reliable -- problems often slip 
through. Consequently, companies are trying to eliminate the need for inspection by 
developing prevention-based quality systems. 

What is a quality system? Managing quality is a complex undertaking. To do it effectively, 
we need a system. According to ISO Standard 8402, a quality system is "the organizational 
structure, responsibilities, procedures, processes and resources needed to implement quality 
management." In other words, it guides a company through everything it does to ensure that 
it delivers to its customers, products and services that meet their requirements. A quality 
system includes procedures for determining customer requirements and other quality 
objectives, transforming them into product designs and ultimately end products. Among the 
basic goals of a quality system are to eliminate opportunities for nonconformance to customer 
requirements and monitor, control and reduce variation in important process and product 
variables. 

Standards for quality systems: In som.e industries, customers need, to have a minimum 
level of confidence in the effectiveness of a supplier's quality system. They have identified 
certain practices that should be part of every supplier's quality system in order to ensure that 
the supplier can meet customer requirements. Large customers, such as automotive and 
aerospace OEIVIs and government procurement groups have, in the past, defined their own 
quality assurance system requirements and audited suppliers' systems to ensure these 
requirements were met. 
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O  
In the aerospace and defence industries, major past quality system standards include the 

• NATO Allied Quality Assurance Publications (AQAP), MIL-Q-9858A, MIL-I-45208 and some 
• OEM quality standards. Companies have had to comply with several sets of quality system 
• requirements from different customers. There is a large burden associated with preparing 

multiple sets of documentation and undergoing audits from several customers. Furthermore, 
changes made in response to auditors using different quality systems are "Band-Aid" 

• solutions, and result in a disjointed quality system that lacks coherent flow. The duplication 
• of effort among several customers to verify basic quality system functions of a common 

• supplier results in decreased efficiency for the entire industry. 

• As the quality field has evolved, the problems associated with the customer-specific quality a 	standards have been recognized. In response to the need for universally accepted quality 
O 	standards, a need accentuated by increasing international trade, the International 
• Organization for Standardization developed the ISO 9000 series. This organization is an 

international federation of national standards bodies. Member countries have national 
technical advisory groups representing them to ISO, for example, the Standards Council of 

• Canada represents Canada. (Note: ISO comes from the Greek word isos, meaning equal. ISO 
• is the generally accepted acronym for the International Organization for Standardization). The 

• first versions of ISO 9001, 9002 and 9003 were released in 1987, and subsequent versions in 
1994. 

• There is a major trend toward acceptance of ISO 9001/2 as the basic quality system standard. 
O 	Major aerospace customers such as Canada's Department ofNational Defence, the U.S. 

• Department of Defense and the major OEMs are incorporating the ISO 9000 standard into 
their quality requirements. For example, ISO 9002 is reproduced verbatim within the basic 
quality system section of the new release (Rev. A) of Boeing's D1-9000 Advanced Quality 

• System. The aerospace industries in the U.S. and Canada have taken similar approaches in 
• supporting the development of an Aerospace Basic Quality System Standard (SAE ARD 
• 9000 or "AS 9000"), similar to the Automotive Industry's QS-9000. In all these cases, 

a 	quality requirements are organized into ISO 9001/2 plus specific enhancements required by 
the customer or group supporting the standard. A more detailed discussion of these 

• documents  is provided in Chapter 6. 
O  
• The ISO 9000 series was developed and continues to be improved by ISO's Technical 

Committee 176 (TC176), which has volunteer members from many countries, including 
Canada. TC 176 is responsible for reviewing and updating the standards periodically, with the 

• next  révision  expected to be released around the year 2000. The updating process involves 
O 	several stages, during which TC 176 develops and circulates draft versions of the revised 

standards to member bodies and incorporates their feedback. According to former U.S. 
TC 176 member, Robert Peach, "[the 1994 revisions of the ISO 9000 series] are the result of 

O  
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more than four years of international negotiations in which all nations participating in 
TC 176 have had multiple opportunities to propose, comment on and vote on changes." 

Besides the ISO 9000 series of quality standards are ISO standards covering a broad range of 
products and services. There are approximately 188 ISO standards dealing specifically with 
aerospace products and services (e.g., ISO 1540: Aerospace - Characteristics of Electrical 
Systems; ISO 7961 - Aerospace Test Methods - Bolts). Unlike these industry-specific 
standards, the ISO 9000 standards are meant to be used by companies in all sectors — there 
is nothing industry-specific within them. 

TC 176 is mandated by the ISO Technical Management Board to provide advice to all ISO 
TCs on the application of quality management and quality assurance in their specific areas. 
ISO's objectives are to ensure the integrity of the generic quality system standards and 
prevent proliferation of sector-specific quality system standards that could undermine the 
benefits of a common standard, for example, avoiding the need for multiple assessments. 

The table on page 24 lists the current ISO 9000 standards. ISO 9001, 9002 and 9003 define 
quality system requirements for use in contractual situations, where the customer needs 
assurance of the capability of the supplier's quality system. These three standards differ in 
the scope of activities that the quality system is designed to cover. ISO 9001 applies to both 
manufacturing firms that perform design and development and service firms whose business 
is design and development, such as engineering firms, designers and software developers. ISO 
9002 applies to manufacturing and service firms that carry out build-to-print manufacturing 
or routine services. ISO 9003 is relevant where product conformance is assured solely by final 
inspection and test. The ISO 9003 standard is limited in scope and is not used extensively. It 
will be phased out when the ISO 9000 standards are revised around the year 2000. 

The other standards listed on page 24 include guidance documents for implementing the ISO 
9001/2/3 standards, broader quality management guidelines and auditing guidelines. 
ISO 9000-1 and -2 provide guidance on the entire family of ISO 9000 series. The ISO 9004 
series provide guidance on quality management from a company's internal perspective, rather 
than from a contractual perspective. We discuss these standards in more detail further on in 
the handbook. 

The ISO 9000 series of standards are consistent with a "systeins approach" to quality, based 
on well-defined work processes and mechanisms for "process feedback." They provide a means 
of formalizing the use of process analysis, feedback and preventive measures to imProve 
quality. 

The table on pages 25 and 26 lists the 20 elements of ISO 9001 and the topics that they cover. 
ISO 9002 contains all these elements except for Element 4.4, Design Control. The definition 
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and organization of the 20 elements do not follow a clear pattern .  Some elements, such as 
Management Responsibility, Quality System and Quality Records apply to the entire 
company. Others, such as Purchasing, Design Control and Contract Review, correspond to 
specific functions. One thing the all the elements have in..cornmon is that they are to be 
implemented as sets of procedures, having inputs and outputs. As illustrated in Chapter 4, the 
elements are ail interlinked because the outputs from each element are necessary inputs to 
others. 

• While the standards were originally developed with manufacturers in mind, they apply to both 
products (hardware, processed material and software) and services, or any combination of 
these. The ISO 9000 standards have been m.ost widely used to manage product quality; 
however, they are just as applicable to service quality, including services provided to both 

• external cu.stomers and internal customers. Since services are provided to customers at the 

• moment they are produced, there is no opportunity to inspect out poor quality. The only 
pra.ctical way to ensure that customer requirements are met is to exercise effective control 
over the processes and materials used in delivering the service. ISO 9000 provides the means 

• to achieve this, 
a 
a a 

a 

a 

a 

The advantages of providing good service quality to external customers are obvious: satisfied 
customers will keep coming back and may be vvilling to pay more for the service. Providing , 
good service quality to  in. ternal customers is important, since it leads to reduced costs and 
cycle times and ultimately more cost-effective products and services for external customers. 
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ISO 9001:1994 

ISO 9002:1994 
ISO 9003:1994 

ISO 9000-1:1994 
ISO 9000-2:1993 

ISO/DIS 9000-2 
ISO 9000-3:1991 

ISO 9004-1:1994 
ISO 9004-2:1991 
ISO 9004-3:1993 
ISO 9004-4:1993 

ISO 10005:1995 
ISO/DIS 10006 
ISO 10007:1995 

ISO 10011-1:1990 
ISO 10011-2:1991 
ISO 10011-3:1991 

ISO 10012-1:1992 
ISO/F'DIS 10012-2 

ISO 8402:1994 
ISO 10013:1995 
ISO/DIS 10014 
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ISO 9000 QUALITY SYSTEM STANDARDS AND GUIDELINES 

Quality Systems: 
Model for quality assurance in design, development, production, installation 
and servicing 
Model for quality assurance in production, installation and servicing 
Model for quality assurance in final inspection and test 

Quality Management and Quality System Standards: 
Part 1: Guidelines for selection and use 
Part 2: Generic guidelines for the application of ISO 9001, ISO 9002 and 
ISO 9003 
Update to Part 2: Generic guidelines 
Part 3: Guidelines for application of ISO 9001 to the development, supply and 
maintenance of software 

Quality Management and Quality System Elements: 
Part 1: Guidelines for quality management 
Part 2: Guidelines for services 
Part 3: Guidelines for processed materials 
Part 4: Guidelines for quality improvement 

Quality Management: 
Guidelines for quality plans 
Guidelines for quality in project management 
Guidelines for configuration management 

Guidelines for Auditing Quality Systems: 
Part 1: Auditing 
Part 2: Qualification criteria for quality systems auditors 
Part 3: Management of audit programs 

Quality Assurance Requirements for Measuring and Test Equipment: 
Part 1: Metrological confirmation system for measuring equipment 
Part 2: Control of measurement processes 

Other Quality Management Documents: 
Quality management and quality assurance vocabulary 
Guidelines for developing quality manuals 
Guidelines for managing the economics of quality 
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4.1 	Management 
Responsibility 

4.2 	Quality System 

4.4 	Design Control 

(ISO 9001 only) 

4.5 	Document and Data 
Control 

4.7 	Control of Customer- 
supplied Product 

4.8 	Product Identification and 
Traceability 

4.9 	Process Control 
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ISO 9001/2 QUALITY SYSTEM ELEMENTS 

ISO 900112 ELEMENT 

4.3 	Contract Review 

4.6 	Purchasing 

4.10 	Inspection and Testing 

4.11 	Control of Inspection, 
Measuring and Test 
Equipment 

SUMMARY OF ELEMENT CONTENT 
(Readers should consult the a,ctual standard for a rigorous 
description of the scope of each element.) 

Establishing a quality policy, responsibilities, ensuring 
adequate resources, appointing a management representative, 
periodic review of effectiveness 

Establishing and maintaining a documented quality system to 
meet customer requirements, including quality manual, 
procedures and quality planning 

Ensuring that customer requirements are adequately defined 
in the contract and that the company has the capability to 
meet them; contract-tender consistency 

Design review, verification and validation, involving all 
relevant departments; ensuring that design output and 
product meet requirements 

Controlling all documents and data related to the standard, 
including specifications, drawings, and external standards; 
ensuring use of correct, up-to-date documents 

Ensuring that purchased products conform to requirements; 
includes evaluating subcontractors, purchasing data and 
verific,ation of purchased product 

Verification, storage and maintenance of customer-supplied 
product for incorporation into the company's products 

Identifying product through all stages of production, delivery 
and installation; unique identification of individual 
products/batches where traceability is required 

Controlled conditions for production, installation and 
servicing, e.g., procedures, standards, equipment, working 
environment, process monitoring and control 

Of incoming, in-process and final product, to verify that 
requirements are met; maintaining records of results and 
identifying inspection authority 

Controlling, calibrating and maintaining equipment and 
software to ensure required capability; maintaining records as 
evidence of control 
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4.12 	Inspection and Test Status 

4.13 Control of Nonconforming 
Product 

4.14 	Corrective and Preventive 
Action 

4.15 	Handling, Storage, 
Packaging, Preservation 
and Delivery 

4.16 	Control of Quality Records 

4.17 	Internal Quality Audits 

4.18 Training 
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SUMMARY OF ELEMENT CONTENT 
(Readers should consult the actual standard for a rigorous 
description of the scope of each element.) 

Identification of product conforming and nonconforming to 
requirements, to ensure that only conforming product is used 
or supplied to the customer 

Preventing nonconforming product from unintended use or 
installation; review and disposition of nonconforming product, 
e.g., acceptance, rework, scrap 

To identify and eliminate the causes of actual or potential 
nonconformities; implementing and recording any resulting 
changes to procedures 

To prevent damage and deterioration of products during all 
stages of operation, including after final inspection and test 

Identification, collection and management of records to 
demonstrate conformance to requirements, including relevant 
subcontractor records 

To determine effectiveness of the quality system and verify 
that quality activities and results comply with planned 
arrangements; audit scheduling, personnel and follow-up 

Identification of training needs and provision of training to all 
personnel performing activities that affect quality; 
maintaining training records 

4.19 	Servicing 	 Performing, verifying and reporting that servicing meets 
requirements (where specified) 

Identifying the need for and using statistical procedures to 
control and monitor process capability and product 
characteristics 

ISO 9000 REGISTRATION 

The ISO 9000 standards were originally developed to provide a common basis for suppliers 
and customers to agree on the basic aspects of the supplier's quality system. Compliance with 
the system could be a precondition for qualified bidders or could be specified in contracts. 
Compliance could be established in several ways, including self-declaration by the supplier, 
verification by the customer (involving second-party audits) and verification by a third-party 
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audit, leading to certification or registration. In practice, third-party registration, by 
ISO 9000 registrars, has become the dominant means of demonstrating compliance. Startin.g 
around 1993-95, aerospace companies began to experience growing pressure to become 
registered to ISO 9000. 

• ISO 9000 registrars (called certification bodies in Europe) are organizations that perform 
• audits on companies' quality systems to determine whether they comply with the appropriate 

• ISO 9000 Standard. If the company's quality system complies, the registrar issues a 
certificate. Registrars are generally private sector organizations and operate on a for-profit 
basis. 

• The ISO organization does not operate a third-party registration system, although it has 

• developed standards for auditing that are used in the registration process. ISO 9000 registrars 
derive their status from registration accreditation organizations. In Europe, these 
organizations (called authoritative bodies) are mandated by national governments. In North 

• America, the situation is less well-defined. The Standards Council of Canada is responsible for 
• accrediting ISO 9000 quality system registrars in Canada. In the United States, the Registrar 

• Accreditation Board (RAB) is the leading accreditation body for registrars; however, it does 
not have a formal government mandate. 

• The growth of ISO 9000 has been linked to the growth of international trade. In the U.K., for 
• example, government and industry have undertaken a massive effort to get firms registered to 

• ISO 9000 as a means of countering potential trade barriers with continental Europe. 
Developing nations such as China and India are now taking this approach. The incorporation 
of ISO 9000 registration or compliance into procurement requirements has not occurred on a 

• country-by-country basis but is based on customer and regulatory requirements for specific 
• types of products and industries. The use of ISO 9000 as a basic quality system requirement 

• within the aerospace and defence industries is discussed in Chapter 6. 

In spite of varying requirements for ISO 9000 registration, the number of companies 
• regiâered continues to grow rapidly. According to U.K.-based British Standards Institute 
• (BSI), the world's largest registrar, the number of registrations in the U.S. is doubling every 

• nine to 12 months. Globus Information Services has recently reported that there are over 
11 000 registrations in North America, and the number is growing by 400 per month. 

Aerospace customers are either requiring ISO 9000 registration as a precondition for 
• acceptance of bids or considering it as a factor in vendor selection. In Europe, British Airways 

• has begun to ask suppliers to be ISO 9000 registered. In France, Aérospatiale has indicated it 
will be requiring its suppliers to be ISO 9000 registered in the future. In North America, 
customers are asking suppliers to be compliant with ISO 9001/2. They are encouraging ISO 

• registration but not actually requiring it. In the U.S., Boeing and McDonnell Douglas have 
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begun to use ISO 9001/2 for qualifying suppliers' quality systems. Canadian aerospace 
companies, such as AlliedSignal Aerospace Canada, Bombardier Aerospace Group and Pratt & 
Whitney Canada are encouraging their suppliers to become ISO 9000 registered. 

Because ISO 9000 registration has been largely market-driven, companies generally focus on 
its potential marketing benefits. Being ISO 9000 registered provides some competitive 
advantage over competitors who are not registered; h,owever, as more companies become 
registered, it vvill evolve from a competitive advantage to a basic entry requirement. 

Registration plays a valuable role in assuring customers that suppliers have an adequate basic 
quality system in place and in raising the profile of quality. Unfortunately, the emphasis on 
ISO 9001/2 registration as a potential customer requirement has diverted attention from the 
value of the ISO 9000 standards as useful tools for improving the quality of products, services 
and internal processes. Several examples of internal benefits that aerospace and defence 
companies have reported as a result of implementing ISO 9000 are listed on pages 35, 36 and 
37. 	 • 

Third-party vs. second-party audits: It is not clear to what extent an ISO 9000 third-
party audit reduces the need for customer audits or whether such a reduction would be 
beneficial. It may reduce the cost of customer surveillance but it could also decrease 
customer—supplier interaction, eliminating opportunities for exchanging information on best 
practices or identif.ying ways to improve cooperation. ISO 9000 has the potential to provide 
the best of both worlds, with third-party audits used to verify the basic quality system 
requirements and customer audits used to concentrate on higher-value-added topics or 
perceived risk areas. Before this can be realized in the aerospace and defence industries, 
customers must have complete confidence in the reliability of the registration process and the 
relevance of its third-party audits to their particular requirements. Customer audits have 
concentrated not only on a supplier's quality system but also on how the system is 
implemented to ensure quality a the customer's products. In the words of one aerospace 
quality manager, "The customer's fear is that registrars' auditors may not have any 
experience in the aircraft industry and therefore insufficient expertise to evaluate the 
effectiveness of the system applied to aerospace products." 

SOME ISSUES OFTEN RAISED ABOUT ISO 9000 AND QUALITY' 

Can you be ISO 9000 registered and produce poor-quality products? Yes, but the ISO 
standard requires that you continuously strive to improve quality. The ISO 9000 series are 
quality system standards, not product quality standards. They do not tell you how to make 
your product, how it should perform or what level of customer satisfaction you must achieve. 
This has prompted critics to question its relevance; for example, ISO does not specify any 
absolute standards for frequency of defects, product performance, reliability or 
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a 
• maintainability. Such criticism fails to consider that true measures of quality are based on 

customer requirements and satisfaction. ISO 9000 requires that your quality system be 
designed and operated to continuously strive to achieve 100 percent conformance with 
customer requirements. According to quality managers within the Bombardier Aerospace 
Group, ISO 9000 does not require high product quality, customer satisfaction or cost-effective 
actions, but it is an important tool to be utilized in providing them. If these are not the 
company goals, the company might as well shut its doors as poor-quality, non-cost-effective 

• operations, and customer dissatisfaction will eventually shut them down, regardless of 
whether their quality system is ISO 9000 registered or not. 

• Does ISO 9000 deal only with internal procedures and neglect the key quality 
• elements — customer needs and satisfaction? No. While it is true that the current 

11111 	versions of ISO 9001/2 do not explicitly incorporate customer satisfaction goals or measures, 
they do discuss meeting customer requirements and identifying specific responsibilities for 
meeting them. The Management ResPonsibility element requires that management defines a 

• quality policy that considers the expectations and needs of customers. Contract Review 
• involves understanding customer requirements. The Corrective and Preventive Action 

• element mentions customer complaints as a potential reason for action. Although the 
discussion within ISO 9001/2 on customer needs and satisfaction is limited, the standards 
provide an effective means of documenting procedures to achieve customer satisfaction. 

•
a 

Detractors of ISO 9000 tend to read "requirements" and "conformity" as meaning 
requirements of the standard or conformity with the standard. Careful reading of the 
standards reveals that the 'actual context is conformity to customer requirements. In fact, the 

C 	 fundamental purpose of the ISO 9001/2 standards is to produce a quality system that ensures 
• a company will understand the requirements of its customers (and of external regulatory 

• agencies) and produce and deliver a product or service that meets them. 

• is ISO 9000 simply a matter of "Say what you do" and "Do what you say"? This is 
true, but does not tell the whole story; "what you do" must include procedures to understand • - 	customers' requirements and to supply products to meet them. The standard requires that 

• when you fail to meet customer requirements, you must find out why and correct the 

• problem. It is possible to consistently make low-cost/low-performance products under an 
ISO 9000 registered system, if that is what your customers require. According to a recent 
article, even some people in the ISO field get it vvrong ("ISO 9000 on the Road to TQM", CMA 

• Management Accounting Magazine, May 1995). The article reports, "One auditor stated that 

• 'ISO 9000 is about consistency not quality'. If that's true, why not call it the International 

• Consistency Standard? It's not just about being consistent, it's about consistently meeting 
customer requirements." 

a 
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Is ISO 9000 a "blueprint for a quality system"? No. In reality, it provides the design 
specifications for an effective quality system, not a detailed design. This is the way it should 
be, since it would be impossible to specify the details of an effective quality system for 
organizations making different products in different industries. Since the standard provides 
considerable latitude in design, quality systems that meet the standard can vary widely in 
effectiveness. The value of ISO 9000 is as a tool in desig-ning an effective . system; however, the 
tool must be used effectively. There is ample opportunity for companies to use ingenuity in 
developing their quality systems, while complying with ISO 9000. As we show in this 
handbook, you will be further ahead by using the standard. 

People often say ISO 9000 does not foster continuous improvement. Is this true? 
According to one consultant (cited in "ISO 9000 Becoming Key Management Tool," Financial 
Post, April 12, 1996, p. 34), the ISO 9000 documentation process "can highlight areas for 
improvement . . . however, . . it does not incorporate a system forcing a company to 
implement continuous improvements after it gains certification." This consultant either was 
misquoted or missed ISO 9001/2 Element 4.14 on Corrective and Preventive Action. It is true 
that the standard does not specify a comprehen.sive approach to continuous improvement; 
however, it does require a system for monitoring quality in terms of conformance to customer 
requirements, taking corrective and preventive action to address problems and conducting 
management reviews of the quality system. If these elements are properly auditèd and 
reviewed for effectiveness, using demonstrable measures, they should result in continuous 
improvement. 

Are the ISO 9000 requirements for documentation excessive and bureaucratic? Do 
they freeze your processes and make continuous improvement difficult? ISO 9001/2 
require written procedures that enable users to accomplish their work in a manner that 
ensures the company's quality objectives are met. If ISO 9000 is implemented poorly, 
however, it can produce documentation that is excessive, not useful and a barrier to 
continuous improvement. There is no need for this to happen. Written procedures are only 
needed where their absence would adversely affect quality or as specifically stated in 
regulatory requirements. There are a number of ways to ensure that documented procedures 
will be useful. Foremost among them is to involve the users of procedures in the 
documentation process. Another good practice is to have an effective training system, 
documented under ISO 9000. This will allow your company to streamline its documentation 
by avoiding the need to document detailed procedures already covered in training manuals. 
The appropriate manuals can be referred to within the ISO documentation. 

Some critics have stated that ISO 9000 could discourage continuous improvement. Their 
concern is that changes to the quality system could require recertification, and thus 
additional expenditures of time and money. This assumes that all procedures are written in • 
the quality manual in full detail, which is n.ot necessary or desirable. Putting too much detail 
into your quality manual could be a problem, since registrars must have a current copy of the 
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If a company treats ISO 9000 solely as a documentation exercise, it can create a massive 
bureaucracy, adding no value to the business. To build an effective quality system, a company 

• must secure the understanding and participation of its employees. Putting quality ideas in 
• peoples' minds is more valuable than putting them in manuals. 

a How.  does ISO 9000 compare with total quality management? Detractors of ISO 9000 
state that it includes only a small part of TQM. For example, a TQM-oriented company is 

• constantly striving to improve the quality of its products, services and processes, resulting in 
• greater value-for-money, faster turnaround times and increasing customer satisfaction. TQM 

deals with organizational culture and all aspects of customer-supplier relationships. 
ISO 9001/2, on the other hand, focus on how to ensure that customers' requirements are met. 

a 	No one could plausibly argue with the goals of TQM; however, there have often been problems 
• in it,s implementation. These have been due, among other things, to lack of management 

support and lack of a clear understanding of exactly what it is and what it can do for a 
company. TQM has been criticized for having too broad a scope to manage under the heading 

• of quality management. (See, for example, Randall Goodden, "The Error in TQM", Quality 
a 	Digest, May 1994). ISO 9000 has a smaller scope than TQIV1, focussing on issues that are more 

• easily addressed within the scope of quality management. It provides a readily attainable, 
internationally recognized standard for quality systems. By contrast, there are no widely a accepted standard measures to determine that "TQM has been achieved." 

a 	Most proponents of ISO 9000 believe it can be an important part of TQM. ISO 9000 is about 

• meeting customers' requirements — a prerequisite to being a customer-focussed organization. 
ISO 9000 also requires documented procedures — a prerequisite for effective process le improvement. TQM and ISO 9000 should not be in competition, since they are not 

• alternatives. TQM is a philosophy for running an organization, and ISO 9000 provides a set of 
• tools for assuring product and service quality. 

As has been said by many, TQM is a journey, not a destination. To become a world-class 
organization, a company needs to move well beyond ISO 9000. Registration is an important 

• milestone along the way, but your ISO 9000 system must not be allowed to remain static. The 
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manual, and changing the manual requites administrative effort. Fortunately, there are 
documentation practices such as using a three-tiered system that can be used to make 
documentation  more flexible. A properly designed quality manual will document the quality 
policy applied to each ISO element. It will have the minimum necessary detail and refer to 
other tiers of documentation where more detailed information is placed. Changes to the 
quality manual will be required very infrequently. Improvements to quality procedures can be 
documented in the lower-tier documents, which are more easily changed. Documentation 
practices are discussed further in Chapter 5. 



Quality in Action: ISO 9000 as a Basis for Continuous Improuement 
'eeeeee,emeeÀeeeeeeeeee 

long-term payoff will be its impact on the effectiveness of your company's design, 
manufacturin.g, service and business processes. This will result not only from the initial 
registration effort but from ongoing activities, built into ISO 9000, to continuously improve 
the quality system. 

Why are companies getting registered? It is widely believed that most businesses pursue 
registration for marketing purposes, or in response to specific customers. A September 1993 
survey of 620 ISO 9000 registered companies by Quality Systems Update (QSU) and Deloitte 
& Touche found that more than 80 percent of respondents wanted suppliers to be registered. 
The driving force is the customer who wants assurance that suppliers will do as they promise. 
The contract with a customer (not ISO 9000 registration itself) commits the supplier to 
deliver a product that conforms, on time and at the agreed cost. ISO 9000 registration gives 
the customer assurance that the supplier can do this. A report on this survey can be found in 
The ISO 9000 Handbook, 2nd ed., by Robert W. Peach, (Fairfax VA: Irwin Professional 
Publishing, 1995). 

Does ISO 9000 registration cost a lot of time and money? The external and internal 
costs to implement ISO 9000 are significant; however, they should not be attributed solely to 
the registration objective. Creating a quality system that meets the ISO standard is something 
that your company should be doing anyway. It will have a payback in business results, apart 
from any perceived marketing advantage of being registered. Improving your quality system 
should ultimately speed up production but can involve a period during which operations are 
slowed down while new procedures are implemented, including familiarization., training and 
de-bugging. Consider these internal costs as an investment. 

The survey by QSU/Deloitte & Touche found that the vast majority of registered companies in 
the U.S. reported significant benefits relative to customer expectations, marketplace 
positioning  and  internal improvements. More than half the companies already had or 
expected to recover the cost of preparing for registration in less than 40 months. The average 
total cost reported in the survey was $245 000. The largest component of this cost was 
internal costs, averaging $180 000. External costs, such as consulting and training services, 
amounted to $60 000. Less than 10 percent of the total cost of preparing for registration, or 
$21 000, was spent on the registrars themselves. Most of the costs associated with ISO 9000 
were incurred in building the quality system and training people. 

Note: Companies should not be deterred by these high costs. Remember, the figures provided 
are averages. There will be wide variations in these costs depending upon the approach 
taken. With proper planning and management involvement, the costs can be kept at a 
reasonable level. Companies should also be aware that the Alliance of Manufacturers 
and Exporters Canada (formerly the CMA) coordinates a group ISO 9000 assessment 
and implementation program in cooperation with the Ontario Training and 
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Adjustment Board. Under this program smaller companies can join together to share 
• assessment and implement costs resulting in substantial savings for all participants. 
• More information on this program can be obtained by calling the alliance's ISO 9000 
• hot line at 1 (800) 565-6488. 

is ISO 9000 a European standard? As discussed earlier in this chapter, ISO is an 
• international body with representation from countries around the globe, including Canada. 
• There are representatives on TC 176 from Canada and the U.S., and the committee was 

• recently chaired by a Canadian. In developing the ISO 9000 series, TC 176 drew upon 
previous standards from both North America and Europe, including Canada's Z-299, the 
U.S.'s MIL-Q-9858A, NATO's AQAP series, BS 5750 (U.K.) and NQA1 (U.S. nuclear 

• industry). Canada, in particular, has played a major role in pioneering international quality 
• standards through its Z-299 series. ISO's European image arose when European Union 

• governments made it part of their economic unification plans and because European 
accreditation bodies are more closely linked to government than in North America. As will be a discussed in Chapter 6, aerospace companies and industry associations in North America as 

• well as Europe have incorporated the ISO 9001/2 standards into their supplier quality system 
• requirements. 

Is there too much focus on ISO 9000 registration? The main issue here is whether 
implementation efforts concentrate too much on obtaining règistration rather than on 

• building an effective quality system. The perceived urgency of getting registered to ISO 9000 
• has probably not contributed to a balanced approach toward using the standard. If companies 

• rush to "get the plaque on the wall," they will not make full use of the standard to optimize 
their quality system. A related issue is whether registration is always the most appropriate 
way of demonstrating ISO 9000 compliance. While some companies have pointed out that 
third-party registrations will not fully cover their oversight needs, other companies indicate 

• that the registration process has value in providing an objective external opinion on the 

• quality system and in creating momentum for improving it. Opinions vary as to the 
incremental value of being registered compared with the registration costs. a 

• Based on discussions with over 20 Canadian aerospace and defence companies, there appears 
• to be a consensus that: 

• Registration has benefits in that it provides an objective assessment of a company's 
quality system and forces the company to meet and keep meeting certain minimum 

• standards. 

• • It may also be necessary to satisfy some customers. 
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• Registration shouldlDe only one goal of the ISO 9000 initiative, Improved quality, cost and 
speed are more important results. Practices such as cycle time reduction and just-in-time 
(JIT) delivery require well-documented, consistently executed processes, which are central 
to ISO 9000. 

There are valid criticisms about ISO 9000's limitations, A/though ISO 9001/2 are intended for 
all. types of businesses, the wording still reflects the manufactu,ring background of its 
developers. It is difficult to interpret the standard for service operations,  in. cluding those 
within manufacturing firms, There are also many terms within, the standard that are va.gue, 
e.g., necessary, adequate, suitable, where practicable, ensure, These words have been used tO 
avoid being overly prescriptive; however, they con be inisinterpreteçl. Good judgment is 
required on the part of quality system developers, users and atelitors. 

The ISO 9000 series is intendeçl to be compatible with and support /a MM appreagh to doing 
business, This approach may or may not be implemented as an initiative called "Total Quality 
Management." The ISO 9001/2 standards, while consistent with a TQlVI approach, do not 
provide guidance on how to  implorent  TQM, The ISO 9000-1, 9000-2 and 9004 guidance 
standards provide considerably more information on implementing TQM; hcbwever, they are 
certainly not the definitive TQM references. For example, ISO 9004 mentions a number of 
statistical methods that are otteri u.sed within a TQM com.panY; however, Boeing's D1-9000 
provides a much more cletaileçl discussion of these methods and their application within the 
aerospace industry. Furtbermore the ISO 9001/2 and ISO 9004 documents are organized 
differently, making it difficult to use ISO 9004 as a tool for expanding beyond ISQ 9001/2 to 
TQM. While ISO encourages the use of ISO 90004 , 9000-2 and 9004, the areas where these 
documents go beyond ISO 9001/2 are not binclin.g when  determining compliançe to 
1$0 9001/2 for registration purposes, 

l3eing ISO 9000 registered does not make a company excellent or even admirable, One person 
who had worked for an 150 9000 company ganis Ford Kirk, writing in the Career Monitor, 
Globe & Mail, July 22, 1995), said the the company provided  poor working conditions for 
staff and hourly workers, for example, continuing dust from renovations, with no dust rnasks 
provided, poorly maintained washrooms, etc. This created the opinion that ISO 9000 does not 
lead to high-quality management. However, it is up to management to define its corporate 
policies on quality of work life just as it does on other matters. ISO 9000 should ensure that, 
where qualitY ean be affected, these policies are reflected in day-to-da.y operations. 

IVIany ISO 9000 practitioners believe that much of the negative press on ISO 9000«arose when 
companies took the wrong approach to implementing it, for example, focussing on registration 
only, not involving the whole organization or using the "Band-Aie approaçh to bring a 
quality system into compliance. 
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On balance, ISO 9000 receives widespread support from the quality community, as one 
quality tool among many. According to Dick Schaaf, "Viewed properly, ISO 9000 is not the be-
all and end-all but merely one among many weapons in the TQM arsenal. Understanding 
work processes is an important first step toward continuous improvement, and the kind of 
careful documentation that ISO 9000 requires is indispensable in helping you to understand 
your needs and measure quality progress" ("ISO 9000: No Substitute for Continuous 
Improvement" The Right Way to Manage, Winter 1994, Conway Quality Inc.) 

One of the Quality Pioneers speaks out on ISO 9000: Genichi Taguchi has been instrumental 
in furthering the understanding of variation in quality, both in Japan and the U.S. In an interview 
with Quality Systems Update (June 1996), at the American Society for Quality Control 50th Annual 
Congress, he was asked about ISO 9000 and quality. "Of course I support ISO 9000 because we 
cannot check all product. And also we cannot check if this product works up to ten years later under 
all customer conditions." Taguchi described ISO 9000 as a starting point and as an information 
system. "Without specifying the quality system, we can't improve it." Taguchi said that Japanese 
companies now view ISO 9000 as a necessity for international markets, although not as proof of 
high quality. Said Taguchi: "They have to accept it just like a driver's  licence. . . we need it to drive 
a car, but it doesn't mean the person who has the driver's licence is a good driver." He also pointed 
out that the flexibility inherent within ISO 9000 can be dangerous since it does not guarantee a good 
quality system.  

SOME REPORTED BENEFITS OF ISO 9000 

According to Ian Leishman, Orenda Aerospace Corporation, ISO 9000 has produced a 
number of internal benefits for the company. For example, Orenda had always done 
management reviews; however, ISO 9000 has made them more effective. Under the ISO 
Management Responsibility element, Orenda defines its management review system, 
including frequency, scope, general agenda and follow-up actions. The system is then 
operated as designed and documented. 

According to Lennox Vaillancourt, Quality Control Manager at Haley Industries 
Limited, TQM and ISO 9000 are highly integrated at Haley. Haley employees use the 
kaizen continuous improvement method to achieve significant gains in cost reduction, cycle 
time reduction and more efficient use of floor space. Employee training, documented under 
ISO 9002 Element 18, is essential for achieving good results. ISO's documentation 
requirements ensure that the gains from kaizen events are embedded in the system. 
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SOME REPORTED BENEFITS OF ISO 9000 

Barry Beffort, Director of Total Quality and Customer Service at AlliedSignal 
Aerospace Canada, has stated, "our documentation and employees' abilities for analyzing 
and documenting procedures have improved." 

Lockheed Martin Electronic Data Systems Canada has developed a post-delivery 
servicing program for the Canadian Patrol Frigate Program, which incorporates continuous 
improvement principles and utilizes the company's ISO 9001 quality system procedures. 
According to manager Sarinder (Bill) Samrai, significant reductions in defects and cycle 
times have been achieved in the program. 

Nick Budd, Quality Assurance Director at Litton Systems Canada Limited, identified a 
number of internal and external benefits that have resulted from the company's ISO 9001 
registration: "Whereas the external benefits were immediately apparent, we expect that 
these internal benefits will continue to accrue as we use the ISO 9001 framework for 
managing our quality system." 

Shoky Mahmood, Quality Assurance Manager at Composites Atlantic Limited, reports 
that "One of the biggest advantages of the ISO 9001 system has been a considerable 
improvement in communications among employees and more awareness of their role in the 
overall management of the organization." 

According to Gene Barker, McDonnell Douglas Corporation, "the ISO 9000-based 
quality system encourages continuous improvement by eliminating the prescriptive nature 
of former military standards. The flow down of ISO 9000-based quality system 
requirements to suppliers and the recognition of third-party certification is reducing the 
cost associated with supplier oversight while freeing the supplier to implement creative 
improvement initiatives." 

According to Roman Szydlowski of the Bombardier Aerospace Group, ISO 9001 
provides, among other benefits, "a standardized language and common approach to quality 
systems throughout the organization." 
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SOME REPORTED BENEFITS OF ISO 9000 

• Hugh Kramer, Manager of Quality and Human Resources at Fell-Fab Products, reports 
• that the company's ISO 9000 implementation efforts have produced improvements in the 

• coordination of employee training and employee involvement in quality. • 
• Cy Young, of CAE Aviation Ltd., points out that one of the advantages of ISO is its 

• common language for quality systems: "I can talk to suppliers or customers about their 
quality system and understand quickly what they are talking about." 

Jim Farrell, Manager of Hardware Quality Assurance at Atlantis Aerospace 
Corporation, states: "By utilizing an employee-based corrective and preventive action 
system, Atlantis effectively addresses the requirements of ISO 9000. The system provides a 

• valuable continuous improvement tool that gives all employees a voice in the operation of 

• the company and provides management access to unlimited improvement opportunities." 

O  
• Edgar Boge, Quality Assurance Manager at Menasco Aerospace, points out that 

• aerospace companies are introducing a more proactive approach to quality that emphasizes 
quality planning and data analysis in a team-based environment. "[Menasco's] ISO 9001 

• and Advanced Quality System, through its emphasis on quality records, statistical methods, 
• training and corrective and preventive action, will be useful in achieving this proactive 

• approach." 

O  
• Pratt & Whitney Canada has developed a Quality System Score Card, based on the 

elements of ISO 9001, that provides senior management with a good picture of the overall 
quality system. P&WC Quality Vice President Michel David states: "The quality system 
score card now provides a road map for future continuous improvement efforts." 

O  
• Al Budge11, Quality Assurance Specialist at Patlon Aircraft & Industries Limited 
• indicates that ISO 9000 will be an important part of the industry's effort to deal with 

• counterfeit tools. He points out that ISO 9000 "promotes proper definition of customer 

• requirements and their use in contracts. . . . ISO 9000 helps ensure that all suppliers play 
by the rules." •  

a 

a 
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PRODUCTION VERIFICATION AT BOMBARDIER INC. CANADAIR 
by Glenn Baxter and Roman Szydlowski, Bombardier Aerospace Group 

Quality has traditionally been the responsibility of the quality department. Production was 
responsible for producing the required volume of product and left it to quality inspectors to 
ensure that defective products did not reach customers. The extra costs inherent in this 
approach were not a problem to companies, as long as their competitors did the same thing. 
The quality revolution has changed all that. The new philosophy is based on quality being the 
responsibility of everyone in the company. While this concept has been widely recognized, 
putting it into practice requires careful planning and execution. This is particularly true in 
the aerospace industry where product quality and reg-ulatory requirements are rigorous. This 
report describes how the Bombardier Aerospace Group's production verification (PV) system 
has put these principles to work within Bombardier Inc. Canadair. 

Continuous Improvement: Within Bombardier, continuous improvement is considered a 
necessity. Quality systems that remain static will guarantee you the same level of quality and, 
by remaining static, your competition will eventually pass you. Contin.uous improvement is 
needed for producing a better-quality product, on time and at a lower cost. Three key 
elements of the company's continuous improvement strategy include: 

• operator empowerment — including verification of one's own work (self-verification), 
participation in problem-solving, statistical process control (SPC) and corrective action 
processes; 

• ISO 9001 accreditation -- adopting a standard, world-wide, recognizable quality 
system throughout the company; and 

• adopting continuous improvement principles — at all levels and functions of the 
organization. 

Production Verification: The PV initiative is part of the company's continuous 
improvement strategy. The PV system supplements inspection, performed by quality 
in.spectors, by self-verification, performed by qualified production workers. The objectives of 
PV include: main.taining high product quality., building quality into the product rather than 
inspecting it in, and enabling employees to work to their full potential. 

The PV system does not simply transfer inspectors' work to production workers. This would 
only replace inspectors by the same number of production verifiers. PV involves having 
production workers verify their work prior to carrying out the next operation: Workers who 
have the responsibility for producing defect-free products are also in the best position to 
identify and correct defects without delay. Employees who are trained and authorized as 
production verifiers sign off on their own work or that of co-workers within their area of 
authorization. They assume responsibility for verifying the conformance of the processes and 
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Training: Prior to becoming certified production verifiers, employees must successfully 
complete a training course on the PV system and the verification procedures specific to 
operations in their work area. Training requirements are established by management, based 
on a needs analysis. In addition to covering the technical procedures, the course explains the 
reasons behind the PV program and the role of production workers. Quality is responsible for 
the instruction, certification and qualification of personnel. 

a Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

a 
product quality as identified in work instructions. Where nonconformances are found and 

• cannot be corrected, the production verifiers inform quality personnel, who record the 

• nonconformance. 

In the PV system, quality inspectors have been transformed into quality agents, who work 
• closely with production to ensure that quality objectives are met. They are viewed as part of 

• the production team, rather than as external inspectors. They provide training, assist in 
problem-solving and identify improvement opportunities. They also ensure the effectiveness 
of the PV system through audits. Quality retains responsibility for mandatory inspection 

• operations such as safety-related items, first article inspections, non-destructive testing and 

• final inspections. 

• The PV system, as well as other elements of the company's continuous improvement strategy, 
• requires changing from the traditional organizational culture to one where everyone has a 

• customer orientation and where managers spend more time leading and coaching and less 
time administrating and controlling. It is necessary to create a "no blame" environment • where cooperation rather than competition is emphasized and innovation is encouraged. 

• Under these conditions, hourly workers are motivated to become highly involved in the 

• control of their own activities. To help develop this organizational culture, the company 
provides training courses for employees at all levels to learn new attitudes, behaviors and 

• skills. 

• PV Pilot Project: The PV system was launched though a pilot project at one of 
Bombardier's plants, located in St. Laurent, Québec, initially in the tooling area and 
progressively into other departments. Only lead hands (most experienced workers) were 

• issued with "PV" stamps. The effectiveness of the PV operations was verified by periodic 
• reinspection by quality personnel. The pilot project not only demonstrated the feasibility of 

• the system but also pointed to the need for improvement. The implementation team reviewed 
the project with the company's major customers and addressed their concerns. These dealt 

• with more structured, documented procedures for PV training and monitoring of PV 
• effectiveness. 

a The program was subsequently improved by augmenting documented procedures, record 
• keeping for training and certifying production verifiers, control and traceability of PV 
• operations and monitoring the effectiveness of verification. The program was also extended 

• beyond the lead hands to other qualified production workers. The PV program is now 
accepted by the Bombardier Aerospace Group's major customers. 

a • •  
O 
O 
O  
O 
O  •  

2 - 39 



Qua lity in Action: ISO 9000 as a Basis for Continuous Improvement 

eeee,eeee 

Control and Traceability: To ensure the integrity of the program, approval stamps must 
be used by certified personnel only on work they are authorized to verify, and the use of the 
stamps must be traceable. The "V" stamp issued to certified production verifiers under the 
revised program is different from the original "PV" stamp and bears the verifier's employee 
badge number, allowing traceability. There is a master list of certified verifiers, showing 
which operations they are qualified to verify. Within their area of authorization, certified 
production verifiers can verify and stamp their own and others' work. Quality is respon.sible 
for ensuring that only certified production verifiers are issued stamps within each production 
area. 

The quality group conducts a PV monitoring program, including audits, reinspection and 
monitoring of trends. The frequency of reinspection is re-evaluated, based on the results of 
the audit. In addition to the audits performed by quality, the system is also audited 
periodically by quality assurance to evaluate compliance and effectiveness. 

Effective work instructions, as called for by ISO 9001, are essential to achieving quality in 
production and PV operations. The company's continuous improvement efforts have included 
making work instructions more precise and more operator-friendly. For example, rather than 
using generic instructions such as "drill as per drawing," specialists in the methods group 
write precise work instructions, based on the drawings, eliminating the need for accessink 
multiple sources for the information. Quality documentation has been modified to specify 
mandatory inspection/verification sign-offs to be included in work instructions. 

Progressive Implementation: The PV system has been implemented in a stepwise manner. 
Before implementing the system in a given area, it must be "PV ready" — people need to 
understand the PV objectives, how it works and their roles. The PV system has been 
implemented in one plant at a time to make the transition more manageable and to allow 
experiences to be utilized. 

Based on our experience, we believe that production verification can achieve the following: 
• empower the operator with the responsibility for the quality of his or her work and instil 

pride of workmanship; 
• help develop a production–quality team attitude; 
• free quality personnel for quality agent activities, such as problem-solving; and 
• help achieve our goal of producing a quality product, on time, at the lowest possible cost. 

Future Perspective 

The PV program continues to be expanded and is being introduced into the Dorval plant. 
Based on our experience of successful implementation, we intend to apply this philosophy 
throughout the entire Bombardier Aerospace Group. 
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• PATLON AIRCRAFT & INDUSTRIES LIMITED SEES ISO 9000 ADVANTAGES 
• by Al Budge ll, Quality Assurance Specialist, Patton Aircra ft & Industries Limited 

• Patlon Aircraft & Industries Limited is an engineering sales organization, representing a a 	number of manufacturers of custom components and assemblies, used in the aerospace, 
• military and transportation markets. The company also does a significant amount of 

O 	assembly, repair and overhaul work. Founded in 1953, Patlon employs 22 people at its offices 
in Mississauga and Ottawa. Patlon received ISO 9002 certification alter a two-and-a-half-year 

a 	implementation effort. Prior to beginning this effort, the company had been working toward a 
Canadian General Standards Board (CGSB) tooling supplier certification and AQAP-120. 
These efforts were rolled into the ISO 9002 initiative. The ISO 9002 system was in place at 

• Patlon 18 months after initiation. Patlon operated the system for about a year prior to 
• registration, to gain experience with it and make refinements. 

• ISO 9002 has already resulted in benefits to the company. For example, demonstrating the 
• effectiveness of its quality system to customers has become less complicated and less time-

consuming. In the past, Pation needed separate quality manuals for each Customer. The 
company ISO 9002 manual and other documentation now fulfil this role. Patlon's Canadian 

• Airworthiness Regulations (CARs) manual and ISO 9002 manual cross-reference each other. 
• Customer audits have gone from 30-40 per year to a handful. Audits now concentrate on 

more important issues, such as auditing for new programs. 

O 	Another benefit is that the scope of quality has been broadened to include everything that 
deals with meeting customer requirements, not just product defects. The company has found 

• that only a small percentage of nonconformances are due to traditional product quality 
• problems. Most nonconformances involve what would have previously been classified as 

• "administrative errors," for example, order entry or shipping problems. Bringing all types of 
nonconformances under the quality system subjects them to a systematic process for 

• corrective and preventive action. Patlon keeps a record of nonconformances, coded according 
• to category. Nonconformances are analyzed by category, and corrective action is taken. The 

coding scheme also allows the company to track the trends in occurrence frequency, which are 
• useful for measuring improvement and identifying problem areas. - 
a 	Patlon has found that internal audits are valuable for improving the efficiency of its 

operations. They are performed monthly by a four-person audit teani and focus on two to 
O 	three elements at a time. One of the challenges in a company of Patlon's size is to ensure that 
O 	members of the audit team do not audit their own areas. The results of the audits are 

reviewed and acted upon during management reviews, which are also held monthly. 

O 
a 

The issue of counterfeit or "bog-us" tools has been of concern to the industry for some time. If 
substandard products are allowed into the marketplace, Patlon and other suppliers who 
provide only products that meet accepted standards can be put at a cost disadvantage. While 

• ISO 9000 does not specify product standards, it does promote proper definition of customer 
• requirements and their use in contracts. Suppliers must then demonstrate that they will meet 

these requirements. In other words, ISO 9000 helps to ensure that all suppliers "play by the 
• rules." 
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ISO 9000 LESSONS FROM OTHER SECTORS 
by Al Noonan, Quality Assurance Engineering Supervisor, 

McDonnell Douglas Canada Ltd. 

My career in quality management has in.cluded five years at McDonnell Douglas Canada Ltd. 
(MDCAN) and a four-year stint as a self-employed consultant, prior to returning to MDCAN. 
In this article, I relate some of my experiences with small to medium-sized companies. 'VVhile 
these companies were in sectors other than aerospace, the lessons learned are universal. 

My entry into consulting in 1992 coincided with rising interest in the ISO 9000 standards. 
Drawing upon my experience at MDCAN, I quickly educated myself in the differences 
between ISO 9000 and other quality standards with which I was familiar (CSA Z-299, 
MIL-Q-9858A, AQAP-1, etc.) and set about helping smaller companies implement ISO 9000. 
Having had a strong quality background prior to entering the ISO 9000 field, I had the 
advantage of lmowing the inner workings and shop floor realities of quality systems. I learned 
from experience what worked and what didn't, what was said and what was actually done, 
and how that affected the organizational "culture" as a whole. 

As I undertook consulting work, it wasn't long before I could see a pattern developing: if 
senior management com.mitment and understanding were not there early on, the 
initiative was usually doomed to failure. This is probably the single most common cause 
of failure for an ISO 9000 project. A closely related cause is poor understanding of the nature 
and objectives of ISO 9000. Senior managers were eager to get registered to ISO 9000 without 
really understanding fundamental issues like what it was about and how much work was 
involved. Certainly, it was my job to enlighten them, which I did, but often the attitude was,, 
"I want it, I'll pay for it, do it for me." There are many stories to illustrate this. 

One company president wanted ISO 9000 implemented to get a marketing advantage over his 
competitors (a common reason for seeking registration), but was unwilling to participate in 
basic introductory and awareness training. Even when he was told (on a number of occasions) 
that senior management had to be directly involved in making quality policy and have a good 
knowledge of how the quality system was functioning, he was "too busy." The obvious lack of 
recognition of the importance of the ISO 9000 effort filtered down through the organization. 
Early enthusiasm turned to apathy, which eventually turned to indifference. The 
implementation broke down, and eventually was dropped. 

A registrar acquaintance related to me how they often get calls from senior managers 
inquiring about getting certified to ISO 9000. The general view is that it is like a test or a 
"computer system." Someone can be hired to come in and "install" it, get paid and go away. 
The system will function on its own  and everyone else can get on with more important things. 
One senior manager called up a registrar and asked to be sent an "application" for ISO 9000. 
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a 	When told that there was much more involved in implementing a quality system, and that he 
• was jumping right to the end, he remarked, "That's okay, money's no object, just give me an 
• application so I can get certified. My customers are breathing down my neck!" 

Another common problem is the implementation effort dragging on for a long time. This can 
• be rooted in many different areas. One is management commitment waning or getting off- 
• track. This is where it is important to have an ISO 9000 "champion" to make sure eveiyone 
• keeps to a schedule and to expedite, if necessary, parts of the implementation that have 

stalled. An internal or external person can be used, as long as the person has senior 
• management support and the organizational freedom to concentrate on the ISO 9000 
• initiative. One company has an external person on "retainer" to come in periodically and 

assess how the quality system is operating. It is a small company in the nuclear industry with 
no official quality department. The duties of the quality department are dispersed throughout 

• the company with the outside person supplementing the internal auditing function, as well as 

• providing an objective report on system performance. 

• Another cause for the implementation to drag is employees' lack of understanding of the 
• ISO 9000 quality standard. If everyone in the compan.y fully understood the standard, their 

• own quality system, how it affects them and their role in it, implementation and registration 
would be academic. Unfortunately, this usually isn't the case. Companies beginning ISO 9000 

• implementation on their own often assign people who are either not properly trained or not 
• willing to manage the project. They either stumble along until they finally get it right or bring 

in outside help. Getting help from outside consultants can be a good move if they have 
• sufficient lmowledge and practical experience. Unfortunately, companies often take the first 
• warm body who shows any remote knowledge of ISO 9000. 
• 

ISO 9000, being a popular topic right now, is an attractive area for consultants seeking a new 
• "challenge." There are a lot of bona fide experts out there who are capable of leading 
• companies through ISO 9000 implementation  and  d beyond. There are also a lot of people who 

have jumped on the ISO 9000 consulting bandwagon. Some have received proper training 
while others, with little or no training, sell themselves as experts. 

•
a 

You may encounter inexperienced consultants, either within larger consulting groups or 
operating on their own. Regardless of the size of the consulting firm, a consulting effort led by 
inexperienced consultants can contribute to delays in ISO 9000 implementation. This can 

• occur through poor understanding of the ISO requirements and their misapplication to the 

• company's business. Another situation to avoid is that of consultants who do everything 
themselves, without input from the company staff, and then turn the system over for staff to 

• run. It won't work, at least not effectively. The trouble is that it's the consultant's system, not 
• the company's. 

I have come across many examples of the foregoing. One small company hired a person who 
had worked for a large manufacturer with coMplex processes. The company made roll roofing 
material and had one simple process, monitored by two operators. The person had told the 
company that it needed work instructions for everything it did and set about to generate a 



a' 

a 

a 

a 

a 

a 

a 
a 
a 
a 

a 
a 

a 

a 
a 

a 

Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

massive amount of instructions. The company was bogged down in unnecessary paperwork, 
which no one used and, not surprisingly, led to a difficult time in its internai auditing. It later 
received better advice on how to apply the standard to the company and became more• 
involved in implementing it. Two years after its first effort, the company achieved registration 
(a long time for a company of fewer than 50 people). 

Another company (approximately 80 people) has been struggling with ISO 9000 for two years 
and is still about six months away (at this writing). It contracted a person who wrote a huge 
quality manual, about 30 procedures and numerous work instructions, after only two visits to 
the plant, only one of which was spent on the plant floor. The manual restated ISO 9002 in its 
entirety and added things to be applicable to the company. Unfortunately, it wasn't doing 
those things. Investigation revealed that these were things that the contractor thought the 
company should be doing. We subsequently assisted it in conducting a major overhaul of the 
system, with input from the company staff, and it is now closer to registration. 

Horror stories like the above abound. There are no universally accepted guidelines or 
certifications currently in place for ISO 9000 consultants, although some groups have 
undertaken initiatives in this area. There is also the problem of companies looking to save 
money or a quick method to become registered. It is caveat enzptor in many respects. 

Problems can originate with the registrars themselves. With the explosion of registrations, 
thejr are scrambling to meet the demand for more auditors. Most registrars are determined to 
use only properly trained auditors' with adequate quality and industry experience. Others 
have a core staff of experienced auditors, with trainees learning by experience from the senior 
auditors. Unfortunately, some registrars are caught in the numbers game, and expose 
inexperienced or poorly trained auditors to unknowing companies, with the resultant 
problems. 

Inexperienced auditors sometimes interpret the standard too rigidly, looldng for evidence that 
virtually everything in it is addressed, whether it applies or not. One audit team audited a 
smaller company's qualitimanual and produced a 32-page report, asking for clarifications 
and changes to every section. The team was looking for every statement of requirement in the 
standard to be included, rephrased, in the manual. Although team members were provided 
with a man.ual questionnaire and matrix of sections/elements, they needed to be led by the 
hand to determine compliance. After many conversations, meetings and complaints to the 
registrar's management, they were finally convinced that the manual was compliant. The 
time wasted and unnecessary extra cost were shameful. 

ISO 9000 is a worthwhile effort for any company, regardless of its size. One must realize that 
the standard's intent is to guide the design of a system that provides customers with what 
they ordered. This is good business practice and good business sense. It is also intended that 
companies use ISO 9000 as a vehicle to achieve the ultimate goal: continuous quality 
improvement. If companies realize that ISO 9000 provides advantages, both in dealing with 
customers and internally, they will commit themselves to achieving registration and taking 
ownership of their own system and their own destiny. 
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ISO 9000 AND THE CHANGING FACE OF QUALITY 
by Edgar Boge, Quality Assurance Manager 

Menasco Aerospace Division of Coltec Aerospace Canada Ltd. 

The Company 

Menasco Aerospace Ltd. has total capabilities for the design, development and manufacture of 
complete landing gear and flight control systems. Located in Oakville, Ontario, the company 
employs 430 people.. Facilities include one of the largest and most advanced drop test towers 
in the world, CAD/CAM, advanced quality laboratories, finishing and non-destructive testing 
systems. Menasco's current production includes landing gear for the Boeing B-737, 757, 767 
and 777; McDonnell Douglas MD-80/90; Fokker F-70 and F-100; and Bombardier 
de Havilland Dash 8-400 series. Menasco also supplies flight control systems to Canadair, 
Fokker, and McDonnell Douglas. 

In this article, we discuss how quality management is evolving at Menasco, from a stand-alone 
activity carried out by the quality assurance (QA) department, to an approach that is 
integrated throughout the company. This change, which is occurring in many companies, is 
ultimately driven by the need for improvement in quality, speed and cost-e.  ffectiveness — not 
by adoption of ISO 9000. The ISO 9000 quality standards are, however, consistent with the 
direction in which we are heading and are helping to facilitate the change. 

Quality Management at Menasco 

The Menasco Continuous Quality Improvement Program (MCQI) began in 1991 and has 
resulted in significant quality improvements. Key elements of the program have been 
statistical process control and process improvement teams. The primary aims of the program 
have been the constant improvement of product quality and customer relations. In 1995, 
MCQI goals were extended to include the application of TQM concepts to achieving ISO 9001 
certification by the end of 1996. Menasco has previously been approved to AQAP-1, 
MIL-Q-9858A, Boeing's D1-9000 and McDonnell Douglas Certified Supplier Status. 

The introduction of ISO 9001 represents a fundamental departure from the traditional 
approach to quality management, where the QA department had sole responsibility  for 

 quality, to one that is based upon a cooperative relationship and shared responsibility, 
involving the entire company. ISO 9001 applies to and interfaces with all activities pertinent 
to the quality of the product and service. It permits QA to delegate responsibility for 
performing quality tasks to functional departments or teams. The most obvious example of 
this is that of operators on the shop floor taking responsibility for verifying the quality of 
their work. More subtle examples involve the role of design, procurement and manufacturing 
engineers, who can work with the quality department to perform quality planning. This will 
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involve closer working relationships between the quality department and other parts of the 
company. 

The scope of this new relationship is broader than product quality and covers all business 
activities that contribute to performance excellence within Menasco and our suppliers. 
Menasco's employees are being challenged to accept this responsibility and dedicate 
themselves to achieving these broader quality targets. Quality must become a way of life for 
everyone in the company, being reflected in a redirection of the attitudes, values and priorities 
we apply to our individual responsibilities. This will undoubtedly involve a good deal of 
training, a measure of time, and much hard work by all concerned. 

To pursue the ultimate goals of error-free products and services as well as minimized costs, 
risks and cycle times, the quality department must become proactive rather than reactive. 
The challenging marketplace of the 1990s demands this proactive approach to remain 
competitive. Expending valuable resources on firefighting is not a viable option. Resources are 
better utilized in preventing the fires, by means of extensive data analysis and quality 
planning in a team-based environment. At Menasco, this is currently our highest priority. We 
will have to concentrate on improving the understanding of quality throughout the company 
and providing new tools to those accepting responsibility for performing quality tasks. The 
ISO 9001 and Advanced Quality System (AQS), through its emphasis on quality records, 
statistical methods, training, and corrective and preventive action, will be useful in achieving 
this proactive approach. 

In order to facilitate this new direction and provide appropriate coverage for new programs, 
the quality assurance department has restructured itself, from an individual-oriented 
arrangement to a team-oriented structure, shown in the table on the next page. 

The new organization has been designed to maximize synergy between the quality 
department and other departments in meeting the shared responsibilities for quality. For 
example, quality personnel will participate on project management teams, along with people 
from other functions, including: production control, program management, material 
planning/scheduling, manufacturing engineering and procurement departments. These roles 
are shown schematically in Figure 2. 

The changing role of the quality organization is an inevitable consequence of the evolution of 
quality management. ISO 9000 incorporates some of the key principles that are driving the 
changing face of quality. 
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QUALITY FUNCTION 	 RESPONSIBILITIES 

Contract Review 
Design Review 
Quality System Maintenance 

Quality Administration 	 Quality Planning 
Project Administration 

MRB Coordination 
Corrective Action 
Quality System Support 

Supplier Surveys/Audits 
Source Control/Surveillance/Support/Inspection 
Internal Auditing 
Audit Administration 

Figure 2 
Project Management Team 

Quality Engineering 
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Il 	Chapter 3 
• iso 9000 AS A BASIS FOR CONTINUOUS IMPROVEMENT 

• Customer satisfaction is the prerequisite for lasting success of companies in national and 
• international competition. The customer gets product' service which is suitable for the intended 
• purpose and which fulfils his expectations. Quality of products and services covers all phases 

• within their life span, which means that it starts early in the project and ends when scrapping 
the product. 

O 	 - Ingo Herbst, Vice President, European Aerospace Contractors Association 

• SCOPE OF THE ISO 9000 STANDARDS: WHAT THEY SAY ABOUT QUALITY 

• The ISO 9001/2 standards: The ISO 9001/2 standards were designed to ensure that 
suppliers are able to understand and meet customers requirements. They were originally a 	meant for use in contractual situations. Although now they form the basis for third-party 

• registration, the emphasis is the same: assuring the customer that the necessary quality 
• system is in place. They say very little explicitly about TQM and continuous improvement. As 

will be shown in this chapter, however, these standards are consistent with a TQM approach a 	and are a necessary prerequisite for effective implementation of TQM. Several of the 
• ISO 9001/2 elements provide a basic framework for continuous improvement, within the scope 
• of reducing nonconformance to customer requirements. 

The ISO 9000 guidance standards: The ISO 9000-1 standard provides g-uidelines for 
• selection and use of the standards. It is intended to be a "road map" for the ISO 9000 family 
• and contains guidance concepts to improve understanding and application of the standards. 

These concepts will likely be integrated into future versions of ISO 9001/2. The role of the 
ISO 9000-2 standard is somewhat ambiguous. It is intended to provide guidance to the 

• supplier to reflect the requirements of ISO 90001/2 but does not add to the requirements. It is 
• also meant to provide guidance to auditors who need to assess and communicate the adequacy 

of implementation of ISO 9001/2 in specific situations. Thus the ISO 9006-2 concepts provide 
guidance to implementers and auditors on how to interpret the ISO 9001/2 standards but are 

• not themselves included in the standards. It should be noted that, in cases of conflicting 
• interpretation, the ISO 9001/2 wording takes precedence. 

• • The ISO 9004 guidance standards: ISO 9004-1 provides guidelines on quality 
management for internal use by organizations. TQM concepts such emphasis on prevention, 

• customer needs and expectations, business activities as processes and the economics of quality 
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are discussed. The standard considers all activities throughout the product life cycle that have 
an impact on quality, including design, manufacturing, post-market surveillance, disposal and 
recycling. The role of quality management in dealing with product safety and liability is also 
discussed. ISO 9004-2 provides guidelines that deal with quality management in services. 
Topics covered include customer satisfaction, customer relations, teamwork and measurable 
continuous improvement. It provides a quality service loop model that links service needs, 
design, delivery, assessment and improvement. 

The ISO 9004-4 Guidelines for Quality Improvement state that quality improvement is a 
continuous activity, achieved by improving processes, aiming at ever higher process 
effectiveness and efficiency. Efforts should be directed toward constantly seeking 
opportunities for improvement rather than waiting for problems to appear. Management has 
a responsibility to exercise leadership in creating the environment for continuous 
improvement. Determination of cause and effect relationships, using numerical and 
qualitative tools, is advocated. The guidelines advocate establishment of quality improvement 
goals that are closely integrated with business goals and should be measurable, 
understandable and challenging. These goals should be communicated throughout the 
organization and progress toward them should be measured. Communication and teamwork 
are necessary to achieve effective continuous improvement. Trust is essential. Recognition 
systems are needed to promote the values, attitudes and behavior necessary for quality 
improvement. Frequent and informal feedback is also needed. Group recognition to promote 
group performance is emphasized. Reward systems must be consistent with recognition and 
should avoid promoting destructive internal competition. 

The following table compares the scopes of the above standards. 

COMPARISON OF THE  ISO 9000 STANDARDS 

Int,ernal 
Guidance 

Auditing 	Contractual 
Guidance 	Situations 

Third-party 
Registration SCOPE 

Basic 
Quality 
System 

Broader 
Quality 

Concepts 

ISO 9001 
ISO 9002 
ISO 9003 

ISO 9000-1 
ISO 9000-2 
ISO 9000-3 
ISO 9004-1 
ISO 9004-2 
ISO 9004-3 
ISO 9004-4 

ISO 9001 
ISO 9002 
ISO 9003 

ISO 9000-2 
ISO 9000-3 

ISO 9001 
ISO 9002 
ISO 9003 

ISO 9000-2 
ISO 9000-3 

ISO 9001 
ISO 9002 
ISO 9003 
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The ISO 9004 guidelines are intended to be used, in conjunction with ISO 9001/2, to support 
the development of TQM-based quality management. A number of quality practitioners 
support this approach. Gene Barker of McDonnell Douglas points out that quality 
improvement is a moving process; a journey, not a destination. To be able to implement an 
ISO-based quality system that yields the maximum benefit, one must first understand the 
principles of ISO 9004. Nick Budd of LSL says that the optimum way to implement ISO 9000 
would be to use ISO 9004 as the standard. According to Malcolm Rowan, a consultant 
working with the Alliance of Manufacturers and Exporters Canada, it takes three to four 
years to meet the quality standard requirements for ISO 9004. By comparison, ISO 9001 
usually takes a year to 18 months. 

A weakness in ISO 9004 is the difficulty in applying its concepts to the 9001/2 standards. 
There is an overlap in content but no one-to-one correspondence allowing one to see where 
ISO 9004 expands on each ISO 9001 element. ISO is looking at this problem. 

The ISO 9004 standards are intended to be fully consistent with the ISO 9001/2 standards; 
however, implementation of the broader TQM concepts, discussed in ISO 9004, is not 
necessary to achieve registration to ISO 9001/2. According to ISO 9004, Part 1;1: "This part 
of ISO 9004 is not intended for contractual, regulatory or certification use, consequently, it is 
not a guideline for implementing ISO 9001. ISO 9000-2 should be used for that purpose." 

Management's Ongoing Role in Quality: Some key areas in which General Electric Aircraft 
Engines believes management should be involved are listed below: 
• reviewing and monitoring customer satisfaction; 
• establishing and communicating quality policy; 
• periodically revievving and improving the Total Business Quality System; 
• ensuring timely and effective corrective action; and 
• driving consistency, continuous improvement and elimination of defects in all business 

processes. 

(Adapted from ISO 9000  —20  Common Questions and Answers, GEAE employee pamphlet) 
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TQM CONCEPTS — AND SUPPORT FROM ISO 9000 

Below we discuss some of the key concepts of TQM and continuous improvement and how the 
ISO 9000 standards can be linked to them. 

Management leadership: One of the greatest differences between the old approach to 
quality and the TQM approach is the role of management. In the old management style, 
quality was a technical issue, handled by the company's quality control department. The 
introduction of TQM raised the profile of quality to that of a strategic management issue, 
with senior management leading the quality effort and/or providing visible support to the 
quality department. 

Under Element 4.1 of ISO 9001/2, management must play a significant role in quality. Senior 
management is responsible for: 

• formulating the company's quality policy, including commitment and objectives for 
quality; and 

111 ensuring that the policy is understood and implemented throughout the organization 
(Element 4.1.1). 

A management representative must be appointed who is responsible for reporting to senior 
management on quality system performance (Element 4.1.2.3). Senior management must 
regularly review the quality system performance, in accordance with stated objectives 
(Element 4.1.3). 

Customer focus: A TQM organization is dedicated to understanding, meeting and even 
exceeding customer needs. Customer satisfaction is considered the means to achieve long-
term profitability, growth and survival. 

ISO 9001/2 require that companies consider customer requirements in the following elements: 
Quality Policy (Element 4.1.1) must be relevant to the expectations and needs of ciistomers; 
Contract Review (Element 4.3) requires that contracts are reviewed to ensure that customer 
requirements are understood and that the organization has the means of meeting them; and 
Design Control (Element 4.4) requires that designs be verified to meet customer 
requirements. Although ISO 9001 does not deal directly with customer satisfaction, several 
elements are linked to it. For example, Management Review (Element 4.1.3) requires that the 
quality system be reviewed periodically to ensure its continuing effectiveness in satisfying 
customer requirements. 
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• ISO 9000-1 defines four facets of quality, including: • • defining a product that meets marketplace requirements and opportunities; 

• • designing the product to: 

• - meet marketplace requirements and opportunities and 
- provide value to customers and other stakeholders; 

• • producing the product with the required characteristics consistently; and • • furnishing product support throughout the life cycle, as needed, to provide value to 

• customers and other stakeholders. 

a Clearly, this definition of quality goes well beyond narrow definitions, based on contractual 
• requirements and product consistency. It is consistent with the customer-focussed approach 
• of TQM and is appropriate for the aerospace and defence industries, where precise 
• understanding of customer requirements is essential. 

ISO 9004-1 (Element 7.3) provides guidance on customer feedback. It states that the 
• marketing function should establish a monitoring system for collecting information related to 
• customers' use and satisfaction with product quality on a continuous basis. Suggestèd uses for 

• this information are: 
• determining the nature and extent of quality problems; • • produd improvements; and 

• • new product development. 

• ISO 9004-2, the services guideline, discusses the interface with customers (Element 5.5). It 
points out that the actions of company personnel in meeting customer needs influence 
customer perceptions of quality. It also states that personnel with direct customer contact are 

• an important source of information for the ongoing quality improvement process. 

• See also page 144 for ISO 9000 — The Customer's Perspective (adapted from AlliedSignal 
Aerospace Canada training material.). 

• Building in quality: Building in quality (defect prevention), rather than inspecting it in 
• (removing defects), is a central feature of TQM, SPC and other modern quality approaches. 

• The cost of quality concept is used to explain why increasing the amount of effort used on 
defect prevention results in lower total costs, due to fewer resources being needed for 
inspection and for dealing with internal and external failures. There is some debate on how 

• far the concept can be extended toward zero defects, particularly where short production runs 
• are involved. Nevertheless, the concept has wide applicability. 

• 
The ISO 9001/2 standards emphasize defect prevention throughout company operations. 
Although there are several elements dealing with inspection and handling of 

• nonconformances, the standards emphasize preventing quality problems by controlling le  
• 7" 	 _  
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processes. Design Control (Elem.ent 4.4), for example, requires that product designs should be 
verified and controlled to ensure customer requirements are met. Process Control (Element 
4.9) requires that all factors affecting quality should be identified and controlled to prevent 
quality problems. These include raw materials characteristics, process equipment, procedures 
and operating variables, and working environment. Inspection and Testing (Element 4.10) is 
to be performed throughout the manufacturing process, not just on the final product. 

The Process Control and Inspection and Testing elements mentioned above are equally 
applicable to non-manufacturing business processes (e.g. transactional processes) and 
manufacturing processes. 

Element 4.20 deals,with statistical methods for establishing, controlling and verifying quality. 
This is a prerequisite for the systematic reduction of variability, a key objective of advanced 
quality improvement methods. ISO 9000-2 provides a more detailed description of how 
statistical methods can be used, including gaining a better understanding of customer 
requirements, problem analysis, risk determination, root cause analysis, and process design 
and control. Specific methods mentioned as potentially useful include Pareto diagrams, cause-
and-effect diagrams, histograms, control charts, design of experiments, regression analysis 
and analysis of variance. ISO 9000-2 Section 5.5.2, dealing with customer communications, 
explains the importance of keeping customers well informed about the quality, cost and use of 
the services offered and how they can contribute to service quality. 

Employee involvement: In a TQM organization, all employees are responsible for the 
quality of their own work an.d for contributing to the overall quality effort. The approach is 
founded on the belief that people will want to be high achievers, if given the opportunity to do 
so. In order to do this, employees must be sufficiently motivated and have the necessary 
mandate, training, resources and other information. 

ISO 9000 contains some features that are prerequisite to effective employee participation in 
the quality process. Under ISO 9001/2, a company's procedures for designing, producing and 
delivering its products and services are documented. This ensures that information on how 
things are done is accessible to the employees who must do them. Responsibilities and 
authorities of all employees with respect to quality are to be defined and documented. This 
includes people performing the work, not just managers and quality specialists (Element 
4.1.2.1). 

A TQM organization acts consistently on the principle that employees are a company's most 
valuable resource. It takes a strategic approach to training and development in which 
objectives are set and actions takén to meet them. ISO 9001/2 (Element 4.18) requires that 
training needs be identified and training provided to all employees whose work affects quality. 
Rather than being an "add-on," training is to be done consistently and in response to needs. 
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Because the scope of ISO 9001/2 is quality assurance, the standards deal with employee 
involvement in a limited manner. For example, they do not explicitly mention teamwork, 
recognition, quality of work life or other employee issues. ISO 9000-1 (Element 4.2), however, 
mentions employees as one of the stakeholder groups whose expectations, i.e., career/work 
satisfaction, should be addressed. 

The article from Haley Industries on page 130 describes how employee involvement in 
ISO 9000 maximized its benefits to the company. 

Process quality: A central feature of the TQM philosophy is that an organization's activities 
can be described as a set of processes, each of which has a process owner(s), inputs and 
outputs. The outputs of some processes are used by other processes within the organization. 
Owners of these downstream processes are internal customers. Some processes produce 
outputs that are the products and services the organization provides to its external customers. 
A schematic view of a process is shown in Figure 3. 

Figure 3 
Schematic View of a Process 

--)1> PRODUCTS 

—)I> SERVICES 

INFORMATION 

—1> WASTE 
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This approach to understanding work assists companies in pursuing two key objectives of 
continuous improvement: 

• Elimination of non-value-added steps. This is achieved through process 
simplification or streamlining. 

• Optimization of process variables and output characteristics and reduction of 
process variability. This starts with eliminating special causes of variation to bring the 
process under control. Once the special causes are removed, common causes of variation 
can be tackled to reduce variability in key process variables and product characteristics, 
i.e., increasing process capability. 

By pursuing theseprocess quality objectives, companies can improve not only the quality of 
their products, but also their service quality, cost-effectiveness and cycle times. 

The ISO 9000 series support using the concept of process quality effectively. 
ISO 9000-1 states that organizations accomplish work through a network of interlinked 
processes that transforra inputs into outputs, and that "processes and their interfaces should 
be subject to analysis and continuous improvement." ISO 9001/2 require having documented 
procedures for all activities that affect quality. In order to document procedures, they must be 
defined and understood. This is clearly a prerequisite for pursuing the process quality 
objectives described above. 

Within ISO 9001/2, Process Control (Element 4.9) requires monitoring and control of 
appropiate process parameters and product characteristics. Inspection and Testing (Element 
4.10) requires identification of critical points in,process flow and measurement of product 
characteristics at these points. Statistical Techniques (Element 4.20) requires that procedures 
for measuring and controlling process capability and product characteristics be developed and 
used, where appropriate. These three elements are prerequisites for ensuring that processes 
are in control and capable. With these elements in place, the next logical step is to use them to 
continuously improve process capability and product characteristics where such 
improvements are beneficial. 

The procedures that an organization documents under each ISO 9001/2 element 
are processes and should be- understood in ter-ms of inputs, outputs and value-
added. There are often opportunities, both during and after the documentation process, to 
identify process improvements such as simplification. Improving process capability by using 
statistical techniques is an ongoing activity that the ISO 9000 system can facilitate. The ISO 
documentation and internai auditing elements-will ensure that process improvements will be 
implemented throughout the organization and will prevent "unlearning" of the 
improvements. 
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• 
• Another aspect of TQM organizations is that processes are recognized to cross traditional 
• functional boundaries. The ISO 9001 elements of Contract Review (Element 4.3) and Design 

• Control (Element 4.4) deal with processes that involve several functions within an 

• organization. ISO 9000-2 states that contract reviews should provide an opportunity for all 
interested parties to review the contract. With respect to Design Control, ISO 9000-2 
recognizes that many organizational functions contribute to the design process, including 

• research and development, marketing, purchasing, engineering and production. The 

• interrelationships among these groups should be "defined, documented, coordinated and 
controlled" (Element 4.4.2.2). In a TQM organization, this would be done through formation 
of a cross-functional design team. 

• The concept of internal customers is key to process improvement, and many aerospace and 

• defence companies have recognized the importance of this relationship. For example, 
Bombardier Inc. Canadair's Performance Management Program. (PMP), which links 
employee goals and performance to corporate strategy, requires employees to identify their 

• internal customers and their requirements. The scope of ISO 9004-2, dealing with services, is 
• intended to cover services to both internal and external customers. 

• 
McDonnell Douglas Corporation has linked ISO 9000 to its process-based management 
system. A brief summary of how this was done appears on p. 112. 

• 
• System for corrective and preventive action: ISO 9001/2 Element 4.14, dealing with 

• corrective and preventive action, is concerned directly with continuous improvement. It 
requires procedures for identifying and eliminating the causes of nonconformances. Guidance 
provided on this element in ISO 9000-2 states that patterns of nonconformance should be 

411111 	examined to uncover opportunities for process improvement. Internal Quality Audits 
• (Element 4.17) provide another means of identifying improvement opportu.nities. The various 

• sources of information on the ISO 9001/2 quality system are subjected to regular management 
reviews (Element 4.1.3). According to ISO 9000-1, "It is important that the outcome of the • management review should lead to increased effectiveness and efficiency of the quality 

• system." 
•  

a 
•  

a 
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ISO 9004-4 Guidelines for Quality Improvement deals more explicitly with continuous 
improvement, stating that: "When implementing a quality system, the management of an 
organization should ensure that the system will facilitate and promote continuous quality 
improvement." The document states that continuous improvement is necessary to enhan.ce an 
organization's competitive position, and that increases in effectiveness and efficiency benefit 
customers, the organization, its members and society in general. In ISO 9000-1, Section 4.1 
lists some key quality objectives and responsibilities of an organization, including 
continuously improving the quality of its products and its operations. 
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Measurement: An effective continuous improvement system must include a measurement 
system to determine quality system performance. The most fu.ndamental measure of quality 
performance is customer satisfaction. As discussed earlier, ISO 9001/2 do not specify 
measurement of customer satisfaction but they do imply that it should be done. Measuring 
the cost of quality, including scrap, rework, internal and external failure, is an important part 
of continuous improvement. Elements 4.12 (Inspection and Test Status) and 4.16 (Control of 
Quality Records) require procedures for recording data on nonconformances, necessary for 
calculating the cost of quality. 

Partnering with suppliers: ISO 9001/2 provide for customer involvement at several key 
stages, including optional responsibility of the ISO management representative to liaise with 
external parties on quality matters (Element 4.1.2.3); customer verification of subcontracted 
product (Element 4.6.4.2); and making quality records available to customers for inspection, if 
contractually agreed (Element 4.16). ISO 9000-2 (Element 4.6.1) goes beyond purchasing and 
inspection to state that: "A supplier should establish an effective worldng relationship and 
feedback system with the subcontractor." 

ISO 9001/2 are based on a contractual relationship between supplier and customer and do not 
explicitly call for customer-supplier partnerships. They do, however, provide a common 
langu.age and framework for managing quality that can facilitate such partnerships. For 
example: 

• Messier-Dowty Inc., a landing gear manufacturer, provides its suppliers with a quality 
system compliance manual whose structure is based on ISO 9001/2 plus some additional 
requirements such as part approval and continuous improvement (see article by 
Gary Sharpe on page 192). 

• McDonnell Douglas Corporation's (MDC) preferred supplier program integrates advanced 
quality system requirements into supplier partnering. The program incorporates MDC's 
Advanced Quality System model (Figure 14 on p. 153) which has ISO 9000 as its 
foundation. The program's SPC requirement calls for variability reduction through 

. process control. The reward to the supplier is reduced oversight plus an increased 
opportunity at MDC business. 

, 
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Evolving Customer Relationships: Customer—supplier relationships are constantly evolving in 
today's world, and the Quality arena is not left aside. For many years, P&WC's relationship with the 
Canadian Department of National Defence (DND) had been one where the customer's role was "a 
policeman verifying whether everything is right," after the fact, relying on arms-length 
communication through paperwork and "observations." This approach, although leading to some 
improvements in P&WC's quality system, was not really proactive and did not allow for the constant 
improvements or rapid changes required in today's competitive environment. 

In early 1994, DND along with P&WC, embarked on a partnership project where all would work 
side by side to review our quality system from a global perspective. This fitted well with P&WC's 
effort to restructure its quality organization and procedures in preparation for ISO 9000 
registration. 

Since then, we have come a long way. DND helped us review our quality program manual and 
quality assurance procedures in line with the ISO 9000 requirements. The quality manager, DND, 
even joined P&WC's ISO 9000 implementation committee to go through the process with us from 
beginning to end. This partnership enabled P&WC to prepare for ISO 9000 registration. DND has 
also helped formalize our self-audit system and has directed its work force to support our review of 
the next level of procedures. These include manufacturing operating procedures (MOPs), assembly 
and test operating procedures (ATOPs) and product quality control instructions (PCQIs). 

This partnership has really benefited both organizations. DND has seen P&WC's quality system 
improve to meet its expectations much more rapidly than it would have using the old approach. 
P&WC has benefited from the expertise and support of the DND quality organization. This is a true 
win-win situation, and we must look for opportunities to extend this approach to both customers 
and suppliers dealing with P&WC. 

— Michel David, Vice President, Quality Assurance, Pratt  &Whitney Canada, Inc. 

Corporate citizenship: The TQM approach extends the concept of customers to include 
the various company stakeholders, including employees, investors, surrounding communities 
and society in general. To achieve long-term success, a company must address the needs of 
each of these groups. Employees want good working conditions, fair wages and reasonable job 
security. Investors want fair treatment from management. Local communities and the public 
in general want assurances that a company's products will not have harmful or unwanted 
effects on the environment and on people. 

The ISO 9001/2 standards, being concerned almost exclusively with product quality, do not 
explicitly address corporate citizenship issues. However, as illustrated in the following 
diagram, it is evident from linkages between the ISO 9000 guidelines for selection and use 
and the standards themselves, that a broader range of performance is important. 

ISO 14000, covered in Chapter 8, deals directly with a key element of corporate citizenship: 
environmental management. It draws heavily on the ISO 9000 approach. 



ISO 9001/2: (4.1) The quality policy should be relevant to customer expectations, needs and 
organizational goals.  I 
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LINKAGE OF QUALITY POLICY WITH CORPORATE CITIZENSHIP 

ISO 9000-1 (4.2) An organization should consider the expectations and needs of all its 
stakeholders, including  customers, employees, owners, suppliers and society.  

1 
policies favouring good corporate citizenship 

1 
I ISO 9000-2 (4.1) The quality policy should have relevance to other aspects of the organization, 

including its other policies. 

1 
quality policy aligned with other policies 

1 

1 
Quality policy consistent with policies on corporate citizenship 

BASIC QUAUTY SYSTEMS AND EFFECITVENESS OF PROCESS IMPROVEMENT 

Why doesn't continuous improvement always work? Over the last few years, many companies 
have undertaken team-based process improvement efforts, as part of overall TQM or similar 
initiatives. The results achieved, and the degree of momentum for continuing such efforts, 
vary considerably. Effective, sustainable continuous improvement requires adequate 
resources and management support. If improvement efforts do not deliver an adequate 
return, the level of resources and support for improvement projects will decline. Figures 4 
and 5 illustrate how a company's basic quality system influences the effectiveness of its 
continuous improvement efforts and the resulting support available for subsequent 
improvement efforts. The two cases represent the extremes of good and bad basic quality 
systems. 

The ISO 9000 standards are useful tools for developing an effective basic quality system. 
ISO 9000 registration aims at ensuring that the quality system meet,s the standard and is 
effective. 

I 
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Ineffective basic quality system leads to spiral of decreasing effectiveness 
(Figure 4): In the absence of an effective quality system, the existing processes are poorly 
understood, having never been properly documented. There are inadequate performance data 
for identifying and analyzing improvement opportunities. Resources are used in collecting 
basic data as part of the improvement project. After analyzing the data, improvements are 
made; however, they are not adequately documented or followed up. The gains achieved are 
gradually lost as the improvements are forgotten. The result is little sustainable improvement 
to operational or financial performance. The poor results lead to less support from 
management (and almost everyone else) for process improvement initiatives and more 
emphasis on "firefighting" — finding short-term solutions to immediate problems. This in 
turn leads to fewer resources being available for process improvement, contributing to further 
loss in effectiveness. 

Figure 4 
Ineffective Process Improvement 

Decreasing 
management support 

for process improvement 

----,...--2e  

Emphasis shifts to 
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Quality System Does Not Meet ISO 9001/2 Standard 

- Current Processes Poorly Understood 
- Performance Data Not Available 
- Inadequate Documentation 
- Inadequate Follow-up 

3-61  



Increasing 
management support 

for process 
improvement 

Good results: 
- improved product 

quality 
- reduced cycle times 
- lower c,osts 

More resources 
available for 

process 
improvement 

Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

Effective basic quality system supports spiral of increasing effectiveness 
(Figure 5): Continuous improvement that is built on an effective basic quality system is 
more likely to be effective. The existing processes will be better understood and the improved 
ones will be properly documented and followed up on. Because basic performance data are 
already available, data collection during the improvement project can focus on gaining a 
better understanding of the process and examining causes of variation. Process improvement 
efforts benefit from being done within a systematic corrective and preventive action 
framework. Effective process improvement leads to good results, improved product quality, 
reduced cost and shorter cycle times. The gains are held and lead to increased management 
support for the continuous improvement process. With less emphasis on firefighting, more 
resources are available for continuous improvement. 

Figure 5 
Effective Process Improvement 

Quality System Meets ISO 9001/2 Standard 

- Current Processes Understood 
- Systematic Corrective and Preventive Action 
- Performance Data Available 
- Improved Processes Documented 
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a 

Introduction 

• Orenda Aerospace Corporation, part of the Fleet Aerospace Group of companies, is a leading 
• manufacturer and overhaul centre for high performance gas turbines. The company provides 

• high value-added component manufacturing for General Electric, Pratt & Whitney, Rolls- 
Royce, AlliedSignal and other companies. Orenda's 700 000 square-foot (65 000 m2) location 

• in Toronto includes research and development, design and processing engineering, 
• manufacturing and testing facilities. Orenda has recently introduced industrial power 
• generation packages and is developing reciprocating engines for aviation applications. Orenda 
• Aerospace achieved registration to ISO 9002 in February 1994 and to ISO 9001 in March 

1995. 
• Management Responsibility (Element 4.1) is the first of the 20 ISO 9001 elements and 
• among the widest in scope. One of the major responsibilities of management, under ISO 9000, 
• is to ensure the effectiveness of the quality system. This article discusses some principles and 

practices for optimizing management reviews to ensure quality system effectiveness. 

•
• 	 • 

Management review of the quality system is an ongoing process that requires support from all 

• areas of management, from first-line supervisors through to the most senior manager in the 

•
organization. Senior management should be involved in the three phases: 
• design of the initial quality system (including setting policy, objectives and ensuring the 

means of achieving them); 
• • review of the wdsting system (for effectiveness); and 

• • changes to the system to reflect ongoing business needs and customer requirements. 

a 
• Design of the Initial System 

• Depending on the size of a company, the level of detail in quality system design in which 

• senior management is involved will vary a great deal. In all cases, however, it is senior 
management who must set the strategic goals and overall approach to managing quality. 
When maldng decisions on the design of quality systems, management needs to consider the 

• impact of the organization on its specific stakeholders (employees, customers, regulators and 
• shareholders), the physical environment and society in general. The level of qtiality that the 

• company should achieve must be defined, based on corporate objectives and strategic plans. In 
the aerospace business, this is obviously very high, with very little room for variation. The • quality goals of the organization should be used to define quality objectives for all managers 

• within the company. Progress toward these objectives should be part of the manager's 
a 

•
a 
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mandate and be measurable. Senior management should ensure that the quality system 
incorporates sound principles, such as: 
• structuring the system to reduce, eliminate and prevent nonconformities in products, 

processes and procedures; 
• making employees throughout the organization responsible for the quality of their ow-n 

work, and ensuring that they have the tools and training to fulfil this responsibility; and 
• consideration of factors such as cost, risk and benefits. 

Throughout the implementation phase, management should review progress and make 
changes to keep the process on course. Obviously, the management review of the quality 
system during the implementation stage will have considerable leverage on the effectiveness 
of the system once implemented. 

Ongoing Review of the ISO 9000 Quality System 

ISO 9001/2 require that management regularly review the quality system to ensure its 
suitability and effectiveness in meeting the standard. Topics for review are not specified by 
ISO 9001/2; however, ISO 9000-2 provides guidance in this area and is worth reading. Records 
of management reviews must also be maintained and, in fact, are quality records. ISO 9000 
does not prescribe how often management reviews should be performed, but compliance with 
the standard requires that they will be performed according to schedule, and that the planned 
topics will be covered. The frequency for management reviews would not be less than that for 
registrar surveillance audits and should actually be more frequent. 

Topics to consider for regular management review include: 
• customer feedback on quality, including product and service quality, as well as any audit 

results; 
• key measures of process variability, e.g., process capabilities, cycle times, etc.; 
• internal cost of quality measures, including cost of scrap, rework and appraisal costs; 
• training requirements, activities and costs; 
• effectiveness of past corrective and preventive actions as well as current and planned 

actions; 
• steps to ensure timely completion of action items and hold people accountable; 
• changes in the business (internally or to the external environment), which may require 

changes to the quality system; 
• capital or operating expenditure issues that will affect quality; and 
• steps to ensure continued compliance with existing requirements and systems. 

Examination of the above issues will answer the following key questions: 
• Are we achieving our quality objectives? 
• If not, why not? 
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• Are our quality objectives appropriate, or should they be changed? • • Is the system cost-effective? 

• Changes to the System 

Management needs to review the company's policy and procedures and modify them to meet 
• the needs of the business as it changes in response to its environment. Changes that affect the 
• quality system can be associated with the company's external environment, for example, 

• changing customer or regulatory requirements. Internal changes may be associated with the 
company's product line, production volumes, organizational structure and finances. 

•
a 

Operational changes to the quality system should also be reviewed. For example, management 
• would need to review changes to enable operators to take responsibility for inspecting their 

• own work, rather than making it the responsibility of an independent quality function. 
Introducing or discontinuing specific quality practices should be assessed in terms of costs, 

• benefits and risks. 

• Finally, management must decide if and when the scope of the quality system should be 
expanded, for example, by going from ISO 9002 to ISO 9001 or meeting additional customer 
requirements. 

• 

HO • 

O 
O  

•  
O 
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CAE AVIATION'S EXPERIENCES WITH ISO 9001 
by Cy Young, ISO 9001 Coordinator, CAE Aviation Ltd. 

Introduction 

CAE Aviation employs more than 600 people in the maintenance, repair, overhaul and 
modification of military and commercial aircraft, and in the production and management of 
technical publications. CAE's facilities, located in Edmonton, Alberta, are capable of 
accommodating aircraft as large as the Boeing 747. Customers include several Canadian 
commercial operators, as well as the governments of Canada, the United States (NASA), 
Mexico, Argentina and several other countries. The company provides a comprehensive 
aircraft maintenance service, ranging from minor inspections to major overhauls. Services 
include non-destructive testing, airframe and electrical systems life extension and corrosion 
'control, airframe components manufacture and special processing. Our engineering 
department provides comprehensive design, analysis, technical investigation and reporting 
services. 

We became registered to ISO 9001 in early 1995. ISO 9001 is an important tool within CAE 
for continuously improving quality, although not the only one. In this article, I will describe 
some of our experiences with ISO 9001 and how they impact on our continuous improvement 
efforts. 

No Need to Reinvent the Wheel 

Because we were already registered to AQAP-1, we found that our quality system already met 
most of the ISO 9001 requirements. Areas where ISO 9001 extended our quality system 
included Management Review, Training, and Corrective and Preventive Action. The 
corrective action part of ISO 9001 is more explicit and the 1994 version included preventive 
action. Our ISO 9001 team consisted of 12 managers, including the president, myself as the 
coordinator and managers from each of the functional departments, e.g., contracts, materials, 
production control, engineering, etc. Each team member was assigned responsibility for one 
or more ISO 9001 elements that were relevant to his or her functional responsibilities. 

When converting to ISO 9001, we were able to utilize most of our written procedures under 
AQAP-1, although we had to renumber them. Care must be taken, in changing the numbering 
system, to ensure that the changes do not cause confusion among the people who must refer 
to them. Although much of our existing quality system could be reformatted into the 
ISO 9001 framework, we used the opportunity to update some procedures and add some 
additional ones. 
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Getting the Maximum Value from Audits 
O  
• Thirci-party audits can add real value to the quality system. Prior to our first registration 

audit, we had thought that we were in compliance with ISO 9001. Much to our surprise, 
however, the audit revealed several areas that needed corrective action. There is no substitute 

• for the objectivity that external auditors can provide. Once registered, we found that the 
• surveillance audits have also produced observations that, although not a problem from a 
• registration standpoint, have been helpful in improving the quality system. 

We have found that, to a large extent, the value of third-party audits depends on the 
• individuals who do the auditing. Common sense is the most important quality of an effective 
• auditor. While most of the audit personnel provided by our registrar have been excellent, a 

• minority were unable to apply common sense to their work. The points below illustrate the 
importance of auditor common sense: 

• • We had one auditor who spent too much time interpreting the meaning of words within 
• the standard, making observations that did not stand up because they did not deal with 

• our system's ability to meet customer requirements. One auditor did not like the wording 
in our quality policy, saying it assumed facts not in evidence. We spent time successfully 
proving to him that he was wrong. 

• • Another so-called problem was that we provided training to all employees on all the 
elements, and the auditor said that we should train employees only on those elements 
relevant to their job. (Employees receive 21/2 hours of ISO 9001 training. New employees 

• receive this within 70 working days of being hired.) Training employees on ISO 9001 
• elements that do not directly affect their jobs could possibly be considered as inefficient, 
• but does not prevent them from complying with relevant elements. Competent auditors 

know that the efficienCy of the quality system is beyond the scope of the ISO 9001 a standard. In fact, we had two reasons for training all employees on all elements. First, our 
• employees sometimes move among departments. Second, we wanted them to appreciate 
• the entire ISO 9001 system. 

a 
• An example of good common sense involved an auditor who found that we were missing a a 	certain procedure; however, he thought that we probably had one, even if not 

• documented. Once he pointed this out, we were able to document our existing procedure 
• almost immediately and have it accepted. 

What do the above examples have to do with continuous improvement? An auditor who lacks 
an understanding of the standard or judgment in its interpretation will make numerous 
observations, many of which will either be incorrect or have little or no impact on the 
system's ability to meet customer requirements. This will use up significant resources of both 
the audit team's time and company time, which could be spent more effectively. By contrast, 
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an effective auditor will interpret the standard with rigor but not in an overly prescriptive 
manner. The company being audited pays both for the value-added and non-value-added work 
done by the registrar's audit staff and its own employees who must respond to audit 
observations. Overly prescriptive or otherwise inappropriate observations will divert attention 
and resources away from the value-added aspects of ISO 9001 — those dealing directly with 
meeting customer requirements and in continuously improving the quality system. 

We have found that it is not necessary for an auditor to have aerospace industry experience to 
produce value-added observations. One of the best auditors provided by our registrar came 
from another technology-based sector. The competence of the audit team can  be initially 
evaluated by meeting with the team leader; however, you will have a better idea after the first 
audit. The registrar is one of your suppliers and it is important to provide them with feedback 
on their audits. The registration maintenance process itself can and should be the subject of 
continuous improvement (CI). 

Linking ISO 9001 to Continuous Improvement 

We have a CI coordinator whose job it is to administer all continuous improvement activities 
and keep track of the costs and benefits associated with them. It is the coordinator's job as 
well to facilitate continuous improvement training and to ensure that action items are carried 
out as plan.ned. The position is temporary, existing until continuous improvement becomes a 
way of life for employees. 

Continuous improvement projects are initiated in response to a CI proposal form, which is 
completed by the employee and describes a problem or improvement opportunity. We use 
week-long CI events, involving two days of training in problem-solving tools and techniques. A 
typical event could produce as many as 30 recommendations, some of which can be actioned 
immediately, with others requiring ongoing improvement work. There are three main links 
between CI events and ISO 9001: 
• New procedures, developed through CI events, are documented within the ISO 9001 

system. 
• To verify that the new procedures are actually followed, the quality assurance group 

conducts internal audits, 30 days after their implementation. 
• The records of CI events and outputs are treated as quality records by the ISO 9001 

system. 

In principle, nonconformities discovered by the ISO 9001 procedures could become the subject 
of CI events. In practice, this has not happened, since the nonconformities discovered by our 
internal audits and other ISO 9001 elements have been corrected immediately, without going 
through a formal problem-solving exercise. 
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The Company 
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Fell-Fab Products is a privately owned, innovative manufacturer of engineered products 
• utilizing industrial fabrics. Our facilities include a clean room for aerospace insulation 

manufacture and a complete range of manual and automatic cutting, sewing, welding and 
gluing eq-uipment. We employ a CAD/CAM system for product design and automated fabric 
cutting and have electronic data interchange capabilities that allow us to exchange drawings 

• with customers. In addition to aircraft insulation packs, our aerospace products include 
• aircraft seat covers and fabric covers used to cover aircraft wings during shipping between 

fabrication and assembly plants. Established in 1952, the company is located in Hamilton, 
Ontario. 

• Quality Management at Fell-Fab before ISO 9000 
Ô  

• Quality assurance has been a key activity at Fell-Fab since long before we began working with 
ISO 9001. In some of our most demanding applications, such as aerospace and industrial 

• materials handling, product defects can be more costly to customers than the product itself. 

• Because Fe11-Fab's customers include companies in different industry sectors, as well as 
several government agencies, the company has had to meet several different quality system 
standards, including MIL-Q-9858A. Fell-Fab is certified by Transport Canada as an approved 

• organization for manufacture and certification of aircraft furnishings and as an approved 
• maintenance organization. Working to these different quality system requirements has been 

• labour-intensive but has also provided us with experience useful in implementing ISO 9001. 

Moving toward ISO 9001 

• Our ISO 9001 initiative has been a valuable learning process, some highlights of which are 

• discussed below. 

Ô. 

• 
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For ISO 9000 to be effective, all employees must understand the overall approach and how 
they fit in. They must also be able to use the written procedures that are part of the system. 
Our work force includes people with a wide range of educational backgrounds and abilities, 
including engineers, skilled craftspeople and some workers with little or no previous training. 
The work force is also culturally diverse, with a wide variation in English language skills. In 
communicating the ISO 9001 initiative throughout the company, we needed to consider our 
audience. 
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Our primary means for ISO 9000 communications has been introductory training sessions. 
Each session involves five to ten people, making it easier to ask questions and have informal 
discussion. I lead the training sessions and the president and other managers participate. The 
main objectives of the sessions are to enable employees to: 
• understand the overall approach of ISO 9001; 
• become familiar with the documented procedures that they will use; and 
• ask and receive answers to any questions they may have about the system. 

To supplement the training sessions, we have prepared an employee handbook. To encourage 
employees to take responsibility for what they have learned, we ask them to sign a training 
form, indicating they have completed the introductory ISO 9001 training. This sheet is placed 
in their personnel file. S-upervisors and lead hands will also receive more detailed training on 
the quality system, including the quality manual, procedures and work instructions. 

A cornerstone of ISO 9001 is documented procedures. These procedures must be 
understandable by the people who will use them. As quality manager, I took the lead in 
writing the quality manual, which was reviewed by the other managers. Once the quality 
manual was finalized, the president and all managers signed it. Procedures were written by 
myself and the other departmental managers. Supervisors and lead hands wrote the work 
instructions, with my editing assistance. To ensure that the procedures are accurate and 
understandable, we go over them with employees during our ISO 9001 training sessions. 

Current and Future Benefits 

Several benefits have resulted from the ISO 9000 implementation process itself. As we 
reviewed our existing quality system, we found that some previously documented procedures 
needed to be updated. It also became clear where improvements could be made. For example, 
as we analyzed our existing training activities, we identified oriportunities for improving 
them. 

Another area involved changing employees' perception of quality to focus more on customer 
reeirements. Prior to the ISO 9001 effort, employees tended to think about quality only in 
terms of their workmanship. Concepts of what constituted good workmanship were often 
based on previous experience with  a particular operation, i.e., how they were taught to 
perform the operation or feedback received from supervisors. The problem here is that, while 
some practices or "rules of thumb" are valid from one project to another, actual customer 
requirements should be considered for each project. With ISO 9001, our employees axe 
learning that quality requirements are derived directly from customer requirements, as stated 
in our contracts; that is: "What have we said that we will do for the customer?" 

a 

a 
a 

a 

a 

a 

a 

a 

a 

3 - 70 



Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

a 
We have undertaken some quality improvement activities that are not specifically needed to 

• meet ISO 9001 requirements but that are consistent with and supported by the ISO 9001 
• philosophy. For example, we realized it was difficult for employees to visualize the final 

• product being used by customers. To give employees a better understanding, we have posted 
pictures of our products in use and discussed them with employees. We also sent some 
employees to a customer's facilities to meet their counterparts and see how our products are 

• used. Direct contact with the customer made our employees aware of requirements beyond 
• those stated in the contract, resulting in improved shipping procedures. They also learned 

• that quality includes more than the physical characteristics of the product. The improved 
procedures did not result from ISO 9001; however, because they are documented, they will be 
implemented consistently. 

• The acceptance of ISO 9001 by most of our customers promises to simplify the process of 

• meeting basic quality system requirements. This will make more time available for quality 
improvement. We are also asking our suppliers to use ISO 9000 as a basis for their quality 11, systems. In one case, we rejected a potential supplier, whose materials appeared suitable and 

• cost-competitive, because they had no real quality system. Two years later, after showing us 
• that they had implemented a quality system conforming to ISO 9000, they are getting 

a 	business from us. 

• Our registration audit is scheduled for early 1997. We expect to be successful. However, 
• regardless of the immediate outcome, our efforts at improving our ISO 9001-based quality 
• system will continue. 

a 

a 

a 

a •  
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ISO 9000 AND CONTINUOUS IMPROVEMENT 
AT COMPOSITES ATLANTIC LIMITED 

by Shohy Mahmood, Quality Assurance Manager, Composites Atlantic Limited 

The Company 

Composites Atlantic Limited is the new company in partnership with Groupe Aérospatiale 
and the Province of Nova Scotia. The company was initially started in 1987, known then as 
Cellpack Aerospace Limited. 

Composites Atlantic designs and manufactures advanced composite components for the 
aerospace and defence industries using filament winding and autoclave technologies. The 
company uses laser machining to complement the production of items such as launch tube 
assemblies, rocket motor cases, missile components, cryogenic pressure vessels, struts, tower 
assemblies, spacecraft structures and aircraft components. The company's products cover a 
broad range of fibres, matrix resins and process technologies. 

Canadian customers include AlliedSignal, Bombardier Inc., Canadair, IMP Group and Pratt & 
Whitney Canada. U.S. customers include ARDE, Dassault Falcon Jet, Textron 
Aerostructures, Rockwell, NASA and General Dynamics. European customers include 
Aérospatiale. 

ISO 9001 Implementation at Composites Atlantic Limited 

At Composites Atlantic Limited (CAL), the quality journey started at the beginning of 1990. 
At that time, most of our customers were using either MIL-Q-9858 or MIL-I-45208. During 
the next three years, the quality system developed into a well-implemented set of procedures 
in which most of the employees were involved from the very start. The system went through 
many audits by our customers and, in almost all audits, there were no significant deficiencies 
reported. 

At the end of 1993, a decision was made to review.the quality system and use the ISO 9000 
quality standard as the guiding document. All existing documentation was reviewed by 
relevant personnel involved in the implementation of the procedures. Meetings were held to 
ensure input and comments on the procedures from the manufacturing personnel and other 
users. At the beginning of 1994, we were ready to consider registration to ISO 9001. We 
pursued registration not because of customer demand or for marketing purposes, but to get 
an independent assessment and confirmation of implementation of a streamlined and 
disciplined quality  management  system. 
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We went through the registration audit in September 1994. Following completion of some 
minor corrective actions identified by the audit, the quality system was registered to ISO 9001 
in December 1994. 

Ô  

a 
a After Registration: Positive Results and Additional Quality Progress a 

Since achieving ISO 9001 registration, we have been using this registration to provide 
evidence to our existing and potential customers that we have an effective quality 
management system in place and that they can save time and money by foregoing a formal 
audit of our quality system. In almost all cases, this has been very successful, resulting in 
substantial savings for us and our customers. This we see as a large advantage for all parties 
involved. The cost of registration has been recovered and the resulting savings are now being 
passed on to our customers. 

The system that we have implemented at CAL is operated by self-managing groups of people 
Ô 

	

	who are assigned to dedicated projects. The necessary resources are then provided by the 
support staff. The leader of each team is the program manager, whose prime responsibility is 
to keep the program on track and to ensure achievement of its quality objectives. 

All personnel involved in each program are encouraged to continually improve the quality 
system by documenting nonconformances and implementing the required corrective and • 

• preventive actions. Internal audit results, feedback from customers and nonconformance 

• reports are analyzed for root causes. In addition, the cost of quality data are made available to 
management to support decisions on allocating resources to the required areas, e.g., training, 

a new equipment, etc. The net result is continuous improvement in the way business is 
conducted at our company. 

• Among the biggest advantages of the ISO 9000 system have been a considerable improvement 
in communications among employees, and greater awareness of their role in the overall 
management of the organization. We want to further enhance these aspects of our 

• organization and take them to a level where continuous improvement, customer focus and 
quick response to changing market needs are part of daily activities of every employee of the 
company. The ISO 9000 system has done this for us to some extent, but we feel there is still 
considerable progress to be made in this area. 

Ô 	As a result of the ISO 9000 system, the tools needed to monitor product quality are in place, 
• but information gathering and analysis of data requires further development and 

management. Statistical process control (SPC) is taking shape in some areas, enabling the use 
for continuous improvement of data collected to meet ISO 9000 requirements. Additional SPC 
stations will be installed, based on our experience and the relevance to the processes. To make 
maximum use of all the data and information, we are heavily focussing on our employees and 

Ô  
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their training needs. All employees are being cross-trained and provided with increased 
opportunities to achieve their professional goals. 

Customer focus is stressed at all levels in our company. It is considered as one of the prime 
requirements for customer retention and gaining new customers. Redundant activities are 
being eliminated and as many value-adding activities as possible are being added to 
employees' daily activities within the company. We consider our company to be an extension 
of our customers' organizations in all respects. This means ensuring that our customers have 
complete confidence in our technical and management abilities as well as in the effectiveness 
of our quality management system. 

We have not experienced any negative effects from the ISO 9001 registration to date. We have 
made tremendou.s gains in all areas. Our reject rate, customer complaints, audit deficiencies 
and rework have decreased sharply in the past three years. As employees become more aware 
of the global economy and stiff competition that lies ahead, they are readily embracing the 
ISO 9000-based management system in all areas of managing their activities. Our customers 
are very satisfied with our products and service. 

The Future 

Our focus during the next two years will be on further upgrading all employees to improve 
their performance and productivity. The necessary tools and leadership will be provided. The 
attitude of our employees and subcontractors toward quality and productivity will be closely 
monitored to ensure positive outcomes. The ISO 9000 standard has been instrumental in 
putting our company on the path of continuous improvement. 

a 

a 

a 
a 

a 
a 

a 
a 
a 
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• Chapter 4 a 
USING ISO 9001/2 TO CREATE CONTINUOUS IMPROVEMENT 

a The ISO 9000 quality management system has made a significant contribution to improving 
• our company, and the way in which we conduct our day-to-day business. 
a 
a 

• In this chapter, we demonstrate how each of the ISO 9001/2 elements supports continuous 
• improvement, either by dealing directly with it or by being a prerequisite. We also discuss how 

• an expanded interpretation of the elements, consistent with ISO 9004, further strengthens 
their role in continuous improvement. 

• THE ISO 9001/2 ELEMENTS 
• FROM A CONTINUOUS IMPROVEMENT PERSPECTIVE 

a 
O 	

Management Responsibility: Element 4.1 requires management to establish a quality 
policy and organization and to regularly review the quality system. The quality policy must 

• address organizational goals as well as customer needs. This links the quality system to 
• business strategy and customer satisfaction — two key aspects of a TQM approach. Within 

the quality organization, responsibilities and authorities of all personnel who can affect 
quality must be defined. A management representative is responsible for implementing the 
quality system in accordance with the ISO 9001/2 standard and for reporting to management 

• on system performance. 

• Although the standards do not specify that the ISO 9000 management representative must be 
the head of quality assùrance (QA), this is often the case. Airworthiness regulations in 

• Canada and the U.S. state that the head of the quality department should report directly to 
• senior management. Some experts, such as Michael Dreikorn, a consultant working with the 

• FAA, contend that this means that the ISO management representative and QA department 

a 	head have to be the same person (see Aviation Industry Quality Systems: ISO 9000 and the 
Federal Aviation Regulations, ASQC Quality Press, Milwaukee, Wisconsin, 1995, p. 44). a 	Others, such as Gene Barker of McDonnell Douglas Corporation, believe that the 

• management representative could be a manager, other than the QA director, who is 
• responsible for the overall product quality and who has direct access to senior management. 

— Maurice Guitton, Executive Vice President, Composites Atlantic Limited 

a 
a 
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Periodic review of the quality system by management is an essential part of continuous 
improvement. It requires an effective internai audit function, reporting to management and 
recommending improvements. Key questions include: How well does the quality system work? 
and How can it be improved? It could also be done as part of the periodic assessments within a 
TQM-based management process, e.g., using Canada Awards for Excellence Quality Award or 
Malcolm Baldrige National Quality Award criteria. 

Quality System: Element 4.2 requires having a quality organization, procedures and 
documentation system that are designed to ensure quality. The quality system must be 
documented in a quality manual that describes the overall approach and contains or 
references the procedures. This is the "Say what you do" part of ISO 9000. A discussion on 
how to document the quality system effectively is provided in Chapter 5. 

The emphasis on documented procedures may, at first glance, seem somewhat removed from 
TQM concepts such as employee involvement, teamwork and doing one's best for the 
customer. In reality, a properly designed documentation system can contribute significantly to 
making these concepts work. For employees to be empowered, they need information. 
Docum.ented procedures are meant to capture the best way that the organization knows how 
to do each task and make that information available to employees who do the task. 

For continuous improvement to be effective, the initial starting procedures must be 
understood and the improved procedures must have "staying power." Documenting 
procedures helps fulfil both these conditions. 

Element 4.2 also covers quality planning: how customers' and other requirements such as 
airworthiness regulations will be met, considering each stage of the company's operations. 
This discussion includes how quality planning is performed, identification of quality 
measures, requirements for ensuring quality, and the methods/equipment to be used. Because 
some of these topics are the subject of other quality elements, they may be covered more 
extensively under these elements and referenced by the quality planning section of the quality 
manual. 

There is sOme confusion in the industry as to what constitutes a quality plan versus an 
inspection plan. In general, a company's quality plan is its quality manual, whose stated 
policy is applied to all products. For specific products, this should be translated into 
procedures and work instructions that do not deviate from the policy. The complœdty of 
quality planning will depend on the nature of products and services supplied, i.e., whether 
design is included, routine and non-routine products, etc. If quality planning is adequately 
covered by the generic quality plan and contraCtual requirements, separate quality plans are 
not needed for each product. 
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Quality planning is consistent with the TQM concept of building in quality. While it does not 
• specifically require continuous improvement, it is a prerequisite for achieving it. 

Contract Review: Element 4.3 deals with procedures to understand and meet all customer 
requirements that are specified within contracts. It covers not only product quality but also 
associated service characteristics such as delivery times, payment terms, installation and 

• support services. Contractual requirements normally represent only a subset of all customer 
• needs. Customers have unstated or undefined needs that, when addressed, will increase 

customer satisfaction. It would bé impossible for a contract to explicitly cover every possible 
way that a supplier could add value during a contract. Consequently, Contract Review does 

• not ensure customer satisfaction but is a prerequisite for it. 
• 
• This element includes keeping records of contract reviews, which can be useful for diagnosing 

• problems — an essential part of continuous improvement. Your contract review procedures 
should include: • • determining how each element of ISO will be met under the terms of each contract; • • identifying what is missing and what needs to be fixed; and 

• • assigning responsibilities to do so. 

Design Control: Element 4.4 deals with translating customers' needs into specifications. It 
• applies only to ISO 9001, since specifications are assumed to be provided by customers to 
• organizations operating under ISO 9002. This element, dealing with both product design and 

• development, covers design inputs, activities and outputs; interfaces between the design 

•
group and other relevant groups; design review; verification of the design itself; validation of 
the product; and design changes. Design specifications must be based on a thorough 

• knowledge of customer requirements. 
a 
• The standard requires at least two design reviews: a preliminary review to establish the 

a 	design inputs as specified requiréments, and a final review to verify that the design output 
meets the design input specifications. One can also have several intermediate design reviews. 

• The following groups should be represented: systems engineering, software engineering, 
• manufacturing engineering, component engineering, project management, field service, test 

• engineering, quality/reliability assurance, sales/marketing, technical publications/training, 
document control and purchasing. 

• The Design Control element is consistent with the TQM principle of designing and building 
• quality into the product. It also encourages the use of integrated product development and 

• concurrent engineering. When interpreting this element, keep in mind that the design has 
two customers: the user of the product and the builder of the product. Both must be satisfied a with the design. This element ensures not only that the product will perform as intended but 

• also that the design is produceable. 
-  
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In "A Guide to Effective Design Reviews" (Quality Digest, January 1994), Wayne R. Wayman 
provides some valuable advice, summarized here. Prior to design review meetings, attendees 
should receive an information package, containing the agenda, product description, block 
diagrams, drawing tree, materials list and any other relevant documents. Key issues to be 
discussed include product specifications, design changes, schedule, cost, documentation 
status, manufacturing requirements, regulatory requirements, actual or potential non-
compliances, reliability, maintainability, testing, competitive pricing, training and customer 
service. The project manager should prepare a report for all participants, summarizing 
results, unresolved issues and action-item assignments. 

Figure 6 shows the major inputs and outputs of Contract Review and Design Control, and 
how these two elements are related. 

Figure 6 
Contract Review and Design Control 

CUSTOMER REQUIREMENTS 
(External and Internal) 
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a 

• The standard requires that employees have access to only those documents and data that 
• pertain to their particular jobs. Most employees, for example, do not need direct access to the 
• quality manual, although such access may be desirable for those employees wishing to gain a 

fuller understanding of ISO 9000 and its application throughout the company. Some 
aerospace and defence companies, such as Lockheed Martin Electronic Data Systems Canada, 

fib 	have implemented an electronic system, in which quality documentation is available on-line 
• via employees' desktop computers. 

Figure 7 illustrates the major inputs and outputs of Document and Data Control procedures. a Note that documents and data are different from quality records. Documents state what to do 
• and how to do it. They can be updated when procedures change. Quality records state what 
• was donelwhat happened. They cannot be modified. 
a 

Purchasing: Element 4.6 covers procedures to ensure the quality of product from your 
company's suppliers. These include evaluating and approving subcontractors based on their 

• ability to supply quality product; providing purchasing data that accurately state your 
• requirements; verifying purchased product; and making arrangements, when required under 
• contract or regulations, to allow customers or regulatory bodies to verify subcontracted 

products. 

• This element is consistent with the TQM approach, since it does not rely solely on inspection 
• of subcontractors' product to ensure quality. It seeks instead to ensure that subcontractors 

• are capable of meeting quality requirements. On the other hand, it does not require that the 
subcontractor take a similar prevention-based approach or be ISO 9001/2 registered. It also 
does not discuss TQM supplier management concepts, such as sharing information and 

• assisting suppliers to become more cost-effective. Nevertheless, it provides a first step in 
systematic management of supplier quality and a foundation for building comprehensive 

• customer—supplier relationships. Figure 8 shows the main inputs and outputs of the 
Purchasing element and its relationship to the Contract Review element. a 

•  

Docu.ment and Data Control: Element 4.5 requires procedures to ensure that employees 
have access to the information necessary to perform their work to meet customer 
requirements. Controlled documents and data include the quality manual, procedures and 
work instructions; engineering drawings, customer specifications and product standards; and 
other data on suppliers and customers. Documents and data must be controlled so that the 
information is complete, accurate and up-to-date, and that obsolete or inaccurate information 
is not used. ISO 9000 does not specify how document control is to be accomplished. It is 
important to supply the appropriate "how" for your company to achieve documentation 
objectives while avoiding unnecessary complexity. 
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Figure 7 
Document and Data Control 
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Contract Review, Design Control and Purchasing 
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• Control of Customer-supplied Product: Element 4.7 requires procedures to ensure that 
• customer-supplied product, for inclusion into the supplier product or related activities, is 
• properly handled. As with the Purchasing element, this element ensures quality by preventing 

• quality problems from occurring or by correcting them at an early stage in the production 
process. It is consistent with the TQM concept of building quality into the process, rather 
than inspecting it in, and is a prerequisite for effective customer—supplier partnerships. 

• 
• Elements 4.6 and 4.7 can assist your suppliers and customers, respectively, in their 

continuous improvement efforts by providing systematic feedback to them. 

• Product Identification and Traceability: Element 4.8 requires procedures to identify, 
• where appropriate, the product at all stages of production. It contributes to meeting customer 
• requirements by ensuring that they receive the right product and that the product conforms 

• to requirements. In the aerospace and defence industries, this element is necessary for 
meeting regulatory and customer-imposed requirements. It also enhances the serviceability of 
your products by making it easier to identify and trace products or components during 

• servicing. e  
This element ensures that information needed for corrective and preventive action is 
available. In order to track problems to their root causes, one needs to examine the process 

• conditions, materials and components that were used to make the nonconforming product. 
• Including all materials and processes that can affect quality under this element will provide a 
• database of tremendous value for continuous improvement, not only for dealing with specific 

quality problems but also for improving process quality and thereby achieving reduced costs 
and cycle times. 

• Process Control: Element 4.9 requires all processes directly affecting quality to be carried 
• out under controlled conditions. It covers documented procedures, equipment, working 

environment and process parameters. • 
• This element deals with the core TQM principle of focussing on processes as the basic unit for 
• controlling and improving quality. To consistently meet customer requirements, it is 
• necessary to use proper methods and materials with consistent properties. There is a wide 

•
range of variation in how employees do things, as well as in external variables such as raw 
materials, en.vironmental conditions, etc. This causes variations in quality. Process control 
can assist in reducing variation in all these variables, thus providing more consistent quality. 

a 
• Process Control helps set the stage for process improvement. Once the key process variables 

have been identified and are brought under control, it is possible to systematically vary them a to determine the optimum set of operating conditions. Process control applies to service as 
• well as manufacturing operations. There are significant opportunities for achieving bottom-
« •  
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line improvements through better control of service processes as well as manufacturing 
processes. Research on the distribution industry, for example, has shown that 25 percent of 
its operating costs results from failures of internal processes ("The Bridge to Continuous 
Improvement," CMA Accounting Magazine, March 1995). 

Figure 9 shows the main inputs and outputs of the Process Control element, and its 
relationships to the Quality System and Design Control elements. 

Figure 9 
Process Control, Design Control and Quality System 

I PRODUCTION I› INSTALLATION 

Inspection and Testirtg: Element 4.10 covers inspection and testing of raw materials and 
other incoming products, in-process items and final product. An inspection plan is used to 
specify what inspection and tests are to be conducted and how; who does the testing; what 
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C 	training is required; pass/fail criteria; documenting test results; and responsibilities and 
• authorities for approvals. This does not require a separate inspection department. A system 
• can be developed to enable properly trained and authorized employees to inspect and sign off 

• on their work. Such a system is described in the Bombardier Aerospace Group case study on 
p. 38. a 

• Note: In the aerospace industry, as a general rule, when production determines that a 
• product meets requirements, this is referred to as verification, whereas when the 

determination is made by the quality department, it is called inspection. This distinction does 
not occur in the ISO 9000 standards, where inspection and verification are used somewhat 
interchangeably. 

• - 
• In-process inspection identifies nonconformances as soon as possible after they occur. It is 

• complementary to process control, since the former monitors product characteristics and the 
latter monitors process characteristics. Combining these two types of data, along with final 

• product and customer satisfaction data, can assist in process improvement efforts. This is 
• made possible by procedures that address ISO 9001/2's Product Identification and 
• Traceability requirement. 

111 Control of Inspection, Measuring and Test Equipment: Element 4.11 requires 
• procedures to ensure that equipment used to demonstrate conformance of product has the 
• required capability, i.e., accuracy, precision and reliability. By establishing and maintaining 
• procedures to ensure that equipment performs as planned, your company controls the 

inspection and test process. Naturally, accuracy of test data is a fundamental requirement for 
ensuring conformance to customer and design requirements. It is also a necessary component 

• of the feedback process used to achieve continuous improvement. Furthermore, inaccurate 
• testing represents a non-value-added activity, and contributes excessive costs that will reduce 
• profitability and/or competitiveness. 

Inspection and Test Status: Element 4.12 involves procedures to: • • verify that the required inspection and testing have taken place; • • identify at what stage in the process the last inspection took place; and 
• • ensure that products are properly identified as conforming or nonconforming. 

• It provides a framework for monitoring scrap, rework and reinspection rates and their 
• associated costs. These items represent the internal failure component of the cost of quality. 
• These cost data can be used to track progress in continuous improvement. 

Control of Nonconforming Product: Element 4.13 requires procedures to ensure that 
product not meeting specified customer requirements is not delivered to the customer, or 
otherwise not used as if it did meet requirements. There is a provision for review of 
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nonconforming product, resulting in acceptance, rework/reinspection or scrap. This element is 
necessary to ensure that inspection and test results are properly used. 

Figure 10 illustrates the main inputs, outputs and interrelationships of the following 
elements: Control of Nonconforming Product; Inspection and Test Status; Inspection and 
Testing; and Control of Inspection, Measuring and Test Equipment. 

Figure 10 
Inspection, Test and Control of Nonconforming Product 
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Corrective and Preventive Action: Element 4.14 is at the core of continuous quality 
improvement. It includes taking action on all product nonconformances, including customer 
complaints and audit findings; determining the causes of the nonconformance; and devising 
solutions. It differs from disposition of nonconforming material through scrap or rework since 



Handling, Storage, Packaging, Preservation and Delivery: Element 4.15 requires 
procedures for these post-manufacturing operations. They must ensure that the product does 
not undergo damage or deterioration and is delivered to customers in conformance with their 
requirements. 
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• it deals with fixing the conditions that caused the nonconformance. It may involve changes to 
• designs, procedures, materials, equipment or employee training. 

Preventive action involves identifying and eliminating causes of potential nonconformances. 111 This is clearly consistent with the TQM emphasis on prevention. When changes to procedures 
• are implemented, they must be documented. This would usually be at the second and third 
• tier level of documentation (see Figure 13 on page 110), rather than in the quality manual. •  

Figure 11 shows the major inputs and outputs of the Corrective and Preventive Action • element. It is part of a continuous improvement cycle, or quality loop. Management has 
• responsibility for monitoring the effective operation of this cycle. Because this continuous 
• improvement cycle focusses on actual or potential nonconformances with customers' specified 

• requirements, it does not cover all opportunities for continuous improvement. •  Figure 11 
• ISO 9000 Quality Improvement Cycle 
1111 
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Control of Quality Records: Element 4.16 requires that information be recorded to 
demonstrate: 
• conformance of product to customers' and/or design requirements; and 
• the effective operation of the quality system. 

It requires that this information be identified, collected, stored and used according to 
documented procedures. Quality records include test and inspection results, corrective action 
reports, audit reports and management review meeting minutes. They are essential to the 
operation of the entire system, since they are information inputs for the other elements. 

Quality records are used in improving the quality system. They provide information that is 
needed for corrective and preventive action procedures, for better understanding of processes 
and for identifying improvement opportunities. Providing employees who need to use them 
with access to quality records is necessary for effective employee involvement. The system 
should differentiate between active quality records, i.e., those in use, and closed quality 
records. Access t,o closed records should be controlled to ensure that they cannot be lost or 
changed. 

Figure 12 shows the main inputs and outputs associated with the Control of Quality Records 
element, and its relationship to Corrective and Preventive Action. 

Figure 12 
Control of Quality Records 
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• Internal Quality Audits: Element 4.17 requires regular, systematic internal audits to 
• ensure that the quality system is operating effectively and in accordance with the quality 
• documentation. It is a key element of the continuous improvement process, since it provides 

• input to corrective and preventive action procedures. Internal audits are necessary to 
maintain your ISO 9000 registration status; however, they can also deliver a broad range of 

• benefits by identifying areas for improvem.ent that, when addressed, will contribute to 
• bottom-line results. 

a 	An effective internal audit program will enhance employee involvement throughout the 
organization and can help foster a culture where audits are considered sources of 
improvement opportunities, not just obstacles to be overcome. Although not required by 

• ISO 9000, it can be beneficial to include employees from outside the QA department as 
• internal auditors. In small companies, it may be feasible for senior management to be on 

audits teams. 

Training: Element 4.18 implicitly recognizes the importance of employees to quality. It calls 
• for procedures for identifying training that employees need to meet quality objectives, 
• supplying training to meet these needs, and keeping records to show how training needs were 

met. It promotes employee involvement by giving employees the knowledge they need to meet 
quality objectives. Who gets what training is determined by a well-understood process, and 

• not on an ad hoc or subjective basis. This promotes a sense of fairness and understanding 
• among employees of where they fit in, improves their perception of self-worth and supports 
• career development. 

Airworthiness standards require that certain categories of employee receive training, e.g., 
• quality inspectors, engineers and employees involved in repair operations. ISO 9000 is more 
• comprehensive, requiring tbat all employees whose activities could impact quality must 
• receive training appropriate to their assigned tasks, i.e., performing their tasks to meet 

customer and regulatory requirements. Although subject to interpretation, it likely means 
everyone in the company. 

• Servicing: Element 4.19 requires that, where servicing is specified as a requirement, 
• suppliers must use documented procedures to ensure" that service quality is maintained. This 

includes verifying that service quality objectives are achieved. From a TQM perspective, this 
element is limited in scope, since there are many opportunities for service that will contribute 

• to customer satisfaction and that are not specified by contracts. The element is nevertheless a 
• prerequisite for a TQM approach, since it brings attention to service quality and requires 
• establishing systematic procedures for achieving it. Good field performance data, collected as 

part of a company's service program, are an excellent source of feedback for continuous a improvement. The approach can be extended to non-contractual services. Articles from 
• Bombardier Inc. Canadair (p. 92) and Lockheed Martin Electronic Data System Canada 
a • 
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(p. 94) discuss how these companies have introduced continuous improvement into their 
service programs. 

Statistical Techniques: Element 4.20 requires establishing the need for statistical 
techniques for establishing, controlling and verifying process capability and product 
characteristics and, where needed, using documented procedures. This element provides a 
link between ISO 9001/2 and statistical process control (SPC), one of the main families of 
techniques used in advariced quality systems. It does not, however, prescribe the use of any 
particular SPC techniques. Also not mentioned explicitly under this ISO 9001/2 element is 
sampling or that statistical techniques should be based on recognized mathematical methods. 
The methods used will depend on the nature of your products and processes. Where quality 
can be assured and improved by using statistical techniques, it should be done, e.g., improving 
the capability of processes and reducing variation in key product characteristics that affect 
customer satisfaction. 

EMBEDDING CONTINUOUS IMPROVEMENT PROCEDURES WITHIN ISO 9000: 
BENEFITS AND RISKS 

Although ISO 9000 specifies only a portion of TQM principles and methods explicitly, we have 
shown that it can be used to institutionalize a much broader range of TQM activities. Doing 
this will give structure to your TQM process, decreasing the likelihood that parts of it will fall 
into disuse. Keep in mind, however, that whatever you write in your ISO documentation, you 
will be required to follow. If you state, within the Management Responsibility element, that 
your organization is committed to using the Canada Awards for Excellence criteria to achieve 
continuous quality improvement, then you will need to do this. Some practitioners advise 
including only the minimum that your organization  intends to do to meet customer 
requirements within the ISO documentation, citing that this reduces the risk of failure in 
ISO 9000 registration and maintenance. This may be true but it will also reduce the benefits 
that ISO 9000 can provide. 

We suggest the following approach to maximizing the benefits of ISO 9000 for continuous 
improvement, while minimizing risks: 

• Include within your ISO 9000 documentation only those continuous improvement 
procedures that have been thoroughly evaluated and that management has approved for 
ongoing use. 

• Base your quality documentation on the three-tiered approach discussed in Chapter 5 (see 
Figure 13). Identify and provide detailed descriptions of procedures within the second and 
third tiers. Limit the text of the quality manual to overall approach and policies, providing 
references to where the descriptions of prodedures to implement the policies are located. 
This will allow you to change the specific methods used for continuous improvement 
without requiring modification and reapproval of the quality manual. 
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THE CORRECTIVE AND PREVENTIVE ACTION LINK 
• TO CONTINUOUS IMPROVEMENT AND TQM • • by Jim Farrell, Manager, Hardware Quality Assurance, 

Atlantis Aerospace Corporation 

• The Company 
a 

Atlantis Aerospace Corporation, located in Brampton, Ontario, is an international supplier of 
simulation and training systems, avionics test equipment and aerospace instrumentation. The 

• company's major activity is the design and manufacture of flight training and maintenance 
• training devices for the world's most sophisticated aircraft, including the Boeing 737, 747, 
• 767, Airbus A3201340 and McDonnell Douglas MD-82. Military experience ranges from the F-18 and F-15E fighters to the Sikorsky S-70 Blackhawk helicopter. The Atlantis customer 
• base includes the Department of National Defence (DND), all branches of the U.S. and 
• Australian armed forces, and many of the world's largest airlines. 

• Atlantis Aerospace's hardware operations became registered to ISO 9001 in December 1995 
• and our software operations were registered in May 1996 (using ISO 9000-3 as a guidance 
• document). In this article, I discuss a key element of the ISO 9001 system: Corrective and 

Preventive Action. 

• Introduction 

• Corrective and Preventive Action is perhaps the most important aspect of an effective quality 
system. A fully integrated Corrective and Preventive Action system is a fundamental 

• component of a continuous improvement initiative and, given the appropriate degree of both 
• management and employee commitment, can evolve into an integral part of a TQM 
• environment. 

• Corrective action begins With the realization that a process and/or product problem is creating 
• waste and will continue to do so if not effectively addressed. Effective corrective action 

includes the correction of the immediate problem, the identification and elimination of the 
root cause, action to prevent the recurrence of the problem, and ongoing assessment to verify 

• the effectiveness of the actions taken. At its heart, corrective action is a reactive process 
• because it relies on an occurrence to stimulate action. 

Preventive action can occur in two ways: • • as a result of corrective action, where the root cause is identified and eliminated thus 
• preventing recurrence; and 

• • when potential problems are deliberately sought out and identified so that effective steps 
can be taken to eliminate the problem before it occurs. 
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ISO 9001 asks that preventive action be a separate activity that specifically targets potential 
problems that are recognized through the implementation of the entire quality system. At its 
heart, preventive action is a proactive process because it relies on the assessment and 
management of information to intercept the problem before it creates waste. 

Both TQM and ISO 9000 address the need for proactive quality management and the 
importance of top-level management support. The overall value of any Corrective and 
Preventive Action system will be directly proportional to the level of commitment and support 
demonstrated by top management: 

To maximize the value of a Corrective and Preventive Action system, it must include all 
employees at every level of the company. Management must show its support for the system 
by providing the necessary resourCes and training. Management must make the system 
accessible to anyone who wishes to use it to address a concern or start a continuous 

*iMprovement initiative. Employee-initiated corrective and preventive actions should prompt 
action at the management level. Without this level of management support, the system will 
not yield many of the potential benefits, one of which is employees' trust in the commitment 
of management. It is ultimately the employees who will make the system work by making 
valuable use of it. 

One Model to Consider 

At Atlantis Aerospace, the tool for both corrective and preventive action is the corrective 
action request (CAR). A CAR can be initiated by any employee against any internal product 
and/or process, or any subcontractor or vendor product or process. The CAR can be raised to 
address either an actual or perceived problem (corrective and/or preventive), or a predicted or 
anticipated problem (preventive). The CAR form is available on the internal computer 
network and all employees are encouraged to use it. 

When a CAR is initiated, it is first reviewed by the initiator's department manager. This is not 
an approval process but a filtering method to make sure that the issue raised is appropriate 
for the CAR system and could not be more effectively addressed by another process. For 
example, an issue raised about the design of an item might be better resolved by the design 
change process if the problem was product-specific. If, however, the issue was about design 
philosophy, a CAR may be appropriate. It is the department manager's responsibility to 
determine this through discussion with the initiator. Whatever decision the department 
manager makes must be accepted by the initiator. The initiator has the right to move the 
issue to the next level of management if not satisfied with the department manager's 
response. 

If formal corrective/preventivg action is deemed necessary, the department manager will 
forward the CAR to the QA department for processing. QA gives the CAR a unique serial 
number, records it, and distributes the CAR to the corrective action board (CAB). 
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The CAB is chaired by the QA manager and includes the director of operations and the senior 
• managers of programs, manufacturing, engineering, and quality assurance. As required, the 
• senior managers of marketing and administration also participate in the CAB. The CAB 

operates on consensus and all members must accept and support the planned actions before 
implementation is approved. a 

• The CAB chair is also the facilitator of the process and has the important role of making sure 
the process is followed diligently; that is, assuring that root causes are identified and that the 
actions planned and implemented are complete, thorough and well-documented. a 

• CAB meetings are held monthly or more frequently, as required. Each open CAR is reviewed 
in detail, and action items are assigned to the appropriate senior manager. A suitable time 
frame is established and the assignee is required to report back in writing to the CAB. In all 

• cases, the written responses must answer the following questions: 
• • What is the root cause of the problem? 

• What was done to correct the problem? 
• What actions have been taken to prevent recurrence of the problem? • • What other products and/or processes could be affected by this problem? 

• • What actions should be taken to correct and/or prevent this problem? 

a 	• What measures have or should be initiated to monitor and confirm the success of the 
actions taken? 

• Minutes are taken and distributed regularly to the CAB and to the CAR's initiator. 

Actions planned or taken are detailed on the CAR form or referenced as attachments. All 
• actions must satisfy the Atlantis CAB, the initiator of the CAR, and all applicable customer or 
• contract requirements. Upon completion of the CAR, the results of the actions will be 

monitored, measured and recorded to verify that the corrective or preventive action taken is 
effective. CARs are closed when the issue has been effectively resolved. Following closure, a 

• CAR can be reopened at any time if it is demonstrated that effective corrective or preventive 
• action has not been achieved or that specific commitments or obligations have not been met. 

Statistics are maintained by QA, recording the types of problems raised, the actions taken, 
• and the timeliness of responses and actions. These statistics are submitted on a quarterly 
• basis to the management review process and form part of an overall assessment of the 

effectiveness of the Atlantis quality system: 

• By utilizing an employee-based Corrective and Preventive Action system, Atlantis effectively 
• addresses the requirements of Element 4.14 of ISO 9001. The system provides a valuable 

a 	continuous improvement tool that gives  ail  employees a voice in the operation of the company 
and provides management access to unlimited improvement opportunities that emanate from 

• all facets of the business. 
a 
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FRACAS — BOMBARDIER AEROSPACE GROUP'S STRATEGY 
TO OPTIMIZE DISPATCH RELIABILITY AND REDUCE OPERATING COSTS 

by Ingeborg Rittweiler, Director of Quality Assurance, 
Bombardier Aerospace Group* 

Introduction 

This article discusses FRACAS, a Failure Reporthig Analysis and Corrective Action 
System, developed by Canadair Quality Assurance and Bombardier Regional Aircraft 
Division Customer Services. FRACAS is a "closed loop" reporting strategy, used to design and 
deliver solutions to aircraft equipment situations affecting dispatch reliability and mean time 
between unscheduled removal (MTBUR). The company expects that applying FRACAS to 
those situations will result in reaching dispatch reliability and MTBLTR targets much earlier 
than originally predicted. FRACAS provides a good illustration of how some of the basic 
quality system elements, found in ISO 9001, play an important role in continuous 
improvement and customer service. 

The Bombardier  Aerospace Group's Canadair Division received ISO 9001 certification in 
August 1995. The ISO 9000 approach to documenting procedures, identifying 
nonconformances, quality records and corrective/preventive action, as well as its requirement 
for servicing axe entirely consistent with the FRACAS program. It would be difficult to 
implement a program such as FRACAS without being in compliance with several ISO 9001 
elements. 

How FRACAS Works 

Canadair Regional Jet Operators record significant unscheduled maintenance events by 
identifying the event and the affected aircraft equipment, and describing the interruption of 
service (if applicable). A number of data fields are also recorded. 

The data are sent to Bombardier Regional Aircraft Division Customer Services, where they 
axe linked, validated and organized. FRACAS analysts investigate the problem in a uniform 
manner that is applied equally to all reported malfunctions. They are then categorized and 
rated for their impact on aircraft safety, operation/mission effects, and operating and 
maintenance costs. This analysis continues until a correctable root cause is isolated. 

If the analysis determines that the equipment has a "correctable" problem, the FRACAS 
analyst will declare it to be a corrective action item (CAI). It is then sent to the failure review 
board (FRB), which has a mandate to investigate and decide upon recommended corrective 
action. The FRB monitors implementation and follow-up of all approved actions. 

Editor's Note: See page 121 for a profile of Bombardier Aerospace Group. 

a 

a 

a 
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• The FRACAS reporting system keeps Canadair Regional Jet Operators fully within the loop. 
• FRACAS analysts monitor individual equipment performance, overall aircraft performance 

• and reliability growth (and rate of growth). A CAI status report provides operators with an 
up-to-date progress report on proposed corrective action, approval status and implementation a 	decisions. In addition, a fleet position report provides discrete information to individual 

• operators, comparing their equipment removal statistics to those of the worldwide Canadair 

• Regional Jet Fleet. 

a 	Companies supplying major aircraft equipment to Bombardier are partners in FRACAS. The 
• FRACAS organization works to ensure that all necessary field data are made available to 

• support investigation and development of corrective action. The suppliers then submit their 
findings in the form of failure analysis reports (FAR) back to FRACAS and together the 

• FRACAS team and its suppliers arrive at the optimum solution. 
a 
• The Expected Benefits 

• FRACAS will benefit Bombardier's suppliers and customers. Bottom-line benefits for 
• Canadair Regional Jet Operators include: 
• • fewer service interruptions because of equipment/system performance; 

• lower hourly operating and maintenance costs; 
• optimized spares centralization and provisioning levels; and 

• • improved operating or maintenance procedures. • 
Aircraft equipment suppliers benefit from: a 	• enhanced field reputation with the aircraft operators and the availability of extended 

• service contracts; 
• • lower levels of field support and, therefore, lower overhead costs; 

O 	• a closer working relationship with the aircraft manufacturer; and 
• the ability to improve equipment design with the knowledge gained through the 

• performance data exchange with FRACAS. 

Conclusion 

• FRACAS is a true partnership between Canadair Quality Assurance, Bombardier Regional 
• Aircraft Division Customer Services, Canadair Regional Jet Operators, and aircraft equipment 

suppliers working toward a common goal: to optimize aircraft reliability -and performance at 
the lowest possible cost. Clearly, FRACAS goes well beyond ISO 9001, particularly in the 

• extent of collaboration between Bombardier and its customers and suppliers in data collection 
• and analysis. Nevertheless, several of the elements of ISO 9001 are utilized by the program. 

• Companies that adopt ISO 9001 will find it easier to design, implement or participate in 
programs such as FRACAS. 

a • 
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CONTINUOUS IMPROVEMENT IN POST-DELIVERY SERVICING 
FOR THE CANADIAN PATROL FRIGATE PROGRAM 

by Sarinder (Bill) Samrai, Lockheed Martin Electronic Systems Canada 

Introduction 

Lockheed Martin Electronic Systems Canada (LMESC) is a leader in the integration and 
management of complex programs and systems. The company's primary capabilities 
encompass the design, development, integration and management of complex computer-based 
electronic systems; the design, manufacture and supply of military-standard computers and 
other products; and provision of life cycle support for major systems. 

LMESC has been an ISO 9001-certified company since May 1995 and had previously complied 
with  the AQAP-1 and -13 quality system requirements. The company's ISO 9001 program is 
part of an aggressive, overall drive to boost quality and customer satisfaction. We have also 
embarked on a customer-driven quality program in direct response to a DND supplier 
initiative. 

LMESC is the primary subcontractor in the Canadian Patrol Frigate (CPF) program, with 
responsibility for the design, development and integration of the combat system, the 
integrated machinery control system for all 12 ships, and a training facility at the Canadian 
Forces Base in Halifax. The deliverables include a full set of related spares and 
documentation. The fabrication of the frigates is conducted by Saint John Shipbuilding in two 
yards — Saint John, New Brunswick, and Lauzon, Quebec — with the final part of the testing 
being conducted in Halifax. The navy has allocated seven frigates to be stati9ned on the east 
coast in Halifax, and five frigates to be retained for the west coast in Victoria, B.C. 

The scope of LMESC has now expanded to include support services to the two shipyards and 
two Canadian navy bases during the test and trial activity under control of the navy. This 
post-delivery activity is part of LMESC's design and workmanship warranty commitment 
under the contract. This article describes how LMESC incorporated procedures for corrective 
and preventive action into the service program in order to produce continuous improvement 
in defect rates, costs and cycle times. 

Requirements for Process Improvement 

The challenge was to eliminate duplication, reduce waste and expedite the resolution of 
defects resulting from both design warranty and workmanship. This would be accomplished 
by having a multifunctional team plan and implement an optimized defect resolution process. 
The team could also focus on prevention by examining the causes of defects. 
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• 
• Construction of the Team 

• Becatise of the wide scope of the activities involved in the defect resolution process, the 

• following functions were involved: 

• • Design engineering: to investigate the defect, define a plan for resolution, and 
• demonstrate the fix to the customer. This could be a software problem to be resolved in- 
• house by LMESC, a subsystem problem to be solved with the subcontractor, a specific 

• part problem to be solved by replacement or a testing problem to be revolved by revision 
of the testing methodology. 

•
a 

• Procurement: to negotiate with subcontractors to achieve commitment for timely 
• resolutions and field support requirements. 

• • Materials management: to provide replacement parts and coordinate the repair of failed 
• equipment. 

Ile 	• Configuration management: to track design changes, maintain failure reporting system 
and control the configuration of the equipment and software. 

• Program management: to negotiate agreements with the customer and DND on interface 
support. 

_ Quality management: to provide independent validation of defect resolutions through 
testing and inspection; retain objective evidence and gain customer acceptance prior to 

• closure of the defect. 

• • Information technology: to provide support for electronic data interchange among all 
sites and with the customer. 

• In order to keep the focus of the team on process improvement, a mission statement was 
• established and signed by the team members. Each member of the team established a 

• flowchart of their current role, including inputs and outputs. The individual flowcharts then 
were consolidated to establish an overall process flowchart. 

• Data Analysis 
a 
• Because the company had adopted ISO 9001 and earlier quality standards, our processes were 

well-defined and documented. This facilitated developing the new process. • 
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Defects were grouped into a number of categories and rates of resolution were examined for 
the various CPF deliverables transferred to the customer. The design problems were further 
subdivided into software, subsystems and equipment. Documentation defects were also 
identified by system. 

Identification of Causes and Solutions 

After reviewing the data and flowcharts, the team developed a solution, based on the 
following: 

• Software resolution was tested extensively within the agreed environment, with customer 
agreement obtained prior to field release. 

• A database, with access from all sites, was created to enable the status of the defect to be 
known, i.e., what work order is assigned, when will the kit of parts be a.vailable, by what 
means will the parts be sent, and to whom. 

• Each type of defect had a specified action to pursue its resolution. 

• Each defect was assigned a unique number and linked to the failure report or other 
reference. 

• The database was shared with the customer and linked to the customer's tracking 
numbers. 

• Each defect had a planned resolution date. 

• An on-site quality management representative was responsible for reclassifying the defect 
as closed after cuStomer acceptance. 

a The quality management representative was responsible for retaining objective evidence 
for the team. 

Solution Implementation 

The above steps were carried out successfully. The team held weekly meetings to review the 
status of the defects against the plan and the process flowchart. Small changes were 
introduced to streamline the database and flow process. Meetings were also held with the 
customer to agree on shared responsibility for actions to close out defects where design 
analysis, changes and iraplementation were corapleted. 
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a 
• Work instructions were revised to define in detail the processes and responsibilities of the 
• functional groups as part of ISO 9001 Element 4.19 (Servicing). The flowchart was expanded le 	to provide more detail and included as part of the work instructions. These work instructions 

• are made available to the users to enable them to plan their work effectively, e.g., minimizing 
travel costs, etc. a 

• Solutions were applied by the subcontractors and LMESC as preventive measures prior to 
• installation of the equipment on the CPF ships. Software used was the most recent formal 

release after validation and concurrence by the customer. 

Measuring and Results 

• The number of hardware defects, total defects and cycle time for defect resolution were 

a 	tracked throughout the program. As the CPF program progressed, several gains were 
realized: • • Each improvement cycle produced a reduction in defects of 50 percent. • • Hardware defects dropped to 6 percent of the first deliverable. • • Total defects dropped to 7 percent of the first deliverable. 
• Two CPF ships had zero hardware defects. 
• Cycle time improved considerably. 

• In addition to these gains, the solution ensured that the product conformed to design 
• specifications, eliminated duplication of corrective action efforts and allowed warranty repairs 

to be made without disrupting the customers' schedules. a • • •  •  
• 
ae 

•  • •  • • 
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Is° 9000  IMPLEMENTATION: MAXIMIZING THE BENEFITS 

Say what you do. Do what you say. Be able to prove it. Get better every day. 

• - Haley Industries Limited employee motto for ISO 9000 and continuous improvement 

POSITIONING ISO 9000 WITHIN YOUR OVERALL 
• QUALITY MANAGEMENT SYSTEM 
a 

Two principle objectives of ISO 9000 implementation are: 
• obtaining and maintaining ISO 9001/2 registration, because it is a customer requirement 

or a perceived marketplace advantage; and • • implementing the ISO 9001/2 standard as a tool for continuous quality improvement. 
e. 

In earlier chapters, we demonstrated that ISO 9000 can provide considerable internal benefits 
and we assume that your company will want to achieve them; that is, registration Edone is 
not an adequate goal. This chapter assumes that your company wants to achieve both 

• these objectives and will incorporate ISO 9000 into a broader quality management system, 
• based on TQM or similar principles. 

ISO 9000 registration takes on average one and a half years, while process improvement 
• should continue indefinitely. It is, however, important to balance these short-term and long- 
• term objectives during the implementation effort. Overemphasis on the registration aspects 
• will build in some problems that  will  be more difficult to remove later, e.g., employee attitudes 

a 	toward ISO 9006, usefulness of the documented procedures, etc. It will be advantageous to 
put in place procedures for doing things the right way the first time. 

Aerospace and defence companies begin implementing ISO 9001/2 with widely varying 
• approaches and experiences in managing quality. In some companies, the formal quality 

system has been màinly inspection-based. Many companies have been certified to one or more 
of the quality standards that are discussed in Chapter 6. They may also have undertaken 

• TQM or similar approaches that have involved making quality a major part of business 
• strategy and have utilized various problem-solving and team-building methods. 

For companies that are just starting out on the TQM journey, ISO 9000 provides a 
straightforward first step. They can begin introducing TQM principles and possibly some 

Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

Chapter 5 

a 
Ô  
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tools during the implementation phase and then continue building their TQM process. 
Organizations with well-developed, coherent and successful TQM processes can undertake 
ISO 9000 without changing their quality philosophy, objectives or methods. ISO 9000 
implementation can be approached as a quality improvement project within the overall TQM 
framework.* For organizations that have had mixed results with TQM and may have a less 
coherent quality process, ISO 9000 provides an opportunity to get TQM back on track, 
providing a framework for continuous improvement. In each of the above situations, ISO 9000 
will lead to a better-defined and more consistent quality improvement process. 

COMMITMENT FROM MANAGEMENT 

Management's actions will influence how ISO 9000 is perceived and implemented throughout 
the company. This will affect not only whether the company successfully obtains its ISO 9000 
registration but also the return on investment from the implementation effort. If 
management is not committed to TQM principles or sees registration as only a marketing tool 
or another obstacle to be overcome, the implementation will not truly be consistent with TQM 
principles. The company may get registered but opportunities for usin.g the ISO system as a 
basis for continu.ous improvement will be limited. 

Assuming that quality is an important part of your company's strategy, your ISO 9000 
implementation process, like your overall quality management process, should be strongly 
supported by senior management. Management's responsibility for the quality system is 
defined in ISO 9001/2 Element 4.1. Ideally, senior management should be visibly involved in 
the effort. In practice, the level of management support varies. Several aerospace CEOs of 
whom we are aware have played a visible leadership role in their company's implementation , 
effort, tnicing every opportunity to be involved. Other CEOs have adopted a less hands-on 
approach but have provided the ISO implementation team with the mandate and resources 
necessary to get the job done. In both situations, the companies involved achieved ISO 9000 
registration and consider the standard to be an important part of continuous improvement. 

In most companies, the quality department usually assumes the day-to-day  leadership in 
implementing ISO 9000, with senior management participating at key stages of the 
implementation process. For this to work effectively, senior management and the quality 
department need to agree on the objectives for implementing ISO 9000 and the support that 
the quality department will need from senior management. Important elements of this 
support include: 
• providing adequate resources for the effort; 

As described in the article on p. 140, AlliedSignal Aerospace Canada superimposed its ISO 
implementation organization onto its existing TQM-based structure. 
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• 
• • making policies and decisions that are consistent with the effort; and 
• • communicating management goals and expectations to everyone in the company. • 
• Failures of TQM and other quality initiatives have often been due to lack of support from 

functional management. ISO 9000 is no exception. Ideally, strong buy-in from all levels of 
management should be in place at the beginning of the implementation effort. In practice, 

• achieving buy-in at all levels would delay the process. An early priority therefore is to 
• establish the key management support needed to drive the initiative. Nominal agreement 

from other managers can be obtained fairly quicldy, particularly if senior management makes 
a strong case or if there is market pressure to achieve registration. True buy-in to using 

• ISO 9000 as an engine for continuous improvement takes more time, since it will require 
• people to change their attitudes about their roles. It is important to remember that one 
• cannot change people — people must change themselves. The role of senior management is to 

ee 	create the circumstances that encourage positive change. • • • •  
• o Make the ISO 9000 initiative one of the company's principal goals, within the time 

period of implementation. • 
• O  See that a realistic implementation schedule is prepared, review progress regularly, 
• make implementation a priority. • 

O Make the necessary resources available, including budget and personnel, for • 
implementation and maintenance. 

•• O  Participate in efforts to communicate the goals of ISO 9000 to all employees, e.g., 
• through training sessions and written material. 

O  Meet with the registrar audit team when they are on-site, and spend time with them 
during the audit. 

• @ Give your management representative and ISO 9000 implementation team the 
necessary support to overcome barriers. 

• Participate in events that recognize ISO 9000-related accomplishments. 

a 

HOW SENIOR MANAGEMENT CAN DEMONS'FRATE 
COIVIMITMENT TO ISO 9000 
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DEVELOPING AN ISO 9000 STRATEGY AND IMPLEMENTATION PLAN 

Getting up to speed on ISO 9000: There is a wide range of training courses, books and 
other materials available for learning the basics. Some key things to keep in mind are: 

• Do not rely on a single information source, since there is no single "right way" to 
implement ISO 9000. There is also some misinformation in print. 

You can learn only so much from books and formal training. Talk to customers, suppliers 
and other companies about their ISO 9000 expectations, experiences and assistance they 
may be willing to provide. 

Consult other resources, in.cluding customers, suppliers or other businesses of which you 
are aware that have implemented ISO 9000; organizations such as the Aerospace 
Industries Association of Canada (AIAC), the American Society for Quality Control 
(ASQC), the National Quality Institute (NQI); provincial and regional quality coun.cils; 
consultants; and Internet sites and news groups. Appendix A provides a list of resources 
for quality networlçing. 

• One of the most effective ways to learn about the standards is to read them, particularly 
the ISO 9000 guidance documents. We recommend purchasing the ISO Standards 
Compendium (the sixth edition, dated December 1996, is the most recent), which contains 
all the ISO 9000 quality standards and related standards on auditing and vocabulary. At 
$350, it is not inexpensive but will be worth many times its price when used. Several 
excellent books that focus on implementation are listed in Appendix B. 

Deciding on the scope of implementation: As a first step, you must decide on the 
appropriate ISO  standard  (9001 or 9002) and which parts of the organization (products, 
services, facilities and divisions) will be covered by the standard. Large, multi-site 
organizations can pursue registration of individual sites, divisions, business units or the 
entire organization. They generally favour pursuing registration on a step-wise, site-by-site 
basis and developing a common quality system that is tailored to each site. 

The above approach has been used by a number of large aerospace coMpanies. Pratt & 
Whitney Canada has obtained ISO 9000 registration for one site at a time, with a view to 
bringing separate registrations together at a later date. According to Quality Assurance Vice 
President, Michel J. David, this results in a more value-added registration process, as well as 
opportunities for step-wise learning. Bombardier Aerospace Group is also using this approach 
and is utilizing experience gained through Canadair's successful ISO 9001 registration to 
assist other parts of the organization. McDonnell Douglas Canada is currently pursuing 
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• ISO 9001 registration and is drawing on the experience of other parts of the McDonnell 
• Douglas organization that have been registered. 

Deciding who will do the implementation work: The long-term benefits of the initiative 
will be proportional to the intensity and breadth of employee involvement throughout the 
organization. Implementing ISO 9000 provides a tremendous opportunity for learning and 

• improving how different groups within the company work together. You will need a core 
• group to drive the process. This group will enlist the help of other employees for specific tasks. 

To the extent possible, keep the core group personnel involved part of the time in their 
regular job functions. This will avoid the perception of them as "outsiders." Different types 

• of employee roles for ISO 9000 implementation are shown in the following table. 

a 

a 

• All Employees 

a 

a 

Demonstrate commitment and leadership 
Provide resources 
Review and approve implementation plans 
Review progress and approve corrective actions 

Quality director is usually ISO management 
representative 
Provide the ISO 9000 implementation team 
leader/coordinator 
Implementation planning 
Develop and take lead in delivery of training 
program (including training implementation 
leaders) 
Internal auditing team (entire or core team) 

Act as ISO 9000 implementation leaders, 
responsible for implementing the system for 
processes within their responsibility area 

Need to understand ISO 9000, implementation 
benefits and employee responsibilities 
Participate in documenting/implementing 
procedures 
May be internal auditors 
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The role of outside consultants and training organizations: This is one issue that 
generates strong opinions. Some companies report significant benefits from  their use of 
consultants while others have had negative experiences or have found that they can get along 
fine without them. The phenomenal growth in ISO 9000 activity has resulted in a large 
number of consultants entering the field, some of whom have little previous quality standards 
experience. There are, however, many competent quality professionals who are worlçing as 
consultants, either within consulting firms or as independent practitioners. 

Below, we discuss the three keys to obtaining high value-for-money from consultants: 

Making correct decisions regarding the use of consultants: You will need to make 
a decision on the extent and type of involvement needed, if any. Do you require expert' 
advice, special skills, objective opinion, coaching or training courses? Avoid hiring a 
consultant to perform tasks that your employees should be doing. If they need special 
skills, arrange for them to receive training. There are practical tradeoffs to consider, 
involving consultant fees, the cost of using internal resources and your time frame for 
implementation. 

According to one aerospace quality manager: "Aerospace companies are not new to the 
quality business and have enough internal  expertise  so that services of consultants are 
not required. Ninety percent of their time is spent trying to learn your processes." Of 
course, not all aerospace quality people share this view. 

Consultants can provide some useful functions, e.g., training, facilitating, independent 
assessments. They can bring experience from numerous other organizations to bear on 
your activities. Beware of consultants who want to sell you a "generic ISO 9000 system 
that can be customized. for your organization." The value of your system will depend on 
your employees' ownership of it and its relevance to your business, both of which require 
strong employee involvement in designing and implementing the system. Beware, also, of 
consultants who emphasize the registration aspects, rather than assisting you in building 
an effective quality system. 

Some consultants offer "group ISO 9000 assistance" in which several firms share the 
costs of training and basic advisory services. This also provides an opportunity for sharing 
information with ISO implementers in other firms. Appendix A lists several not-for-profit 
organizations involved in quality networking and training. They should be able to refer 
you to qualified consultants with experience in the aerospace and defence sector. 

• Choosing the right consultant: Unless your requirements justify sole sourcing, 
interview several consultants and ask for two or three proposals. Useful referrals can be 
obtained from your customers, suppliers and local community quality associations. 
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Proposals should include consultant activities, schedules, budgets, what they will need 
• from your organization as well as deliverables and results. In evaluating proposals, there 
• are three main issues to consider: 

a 	- effectiveness of the proposed approach; - capabilities of the consultant to perform the work; and • - cost. • 
• The proposed approach should demonstrate an understanding of your needs, be thorough 

and, hopefully, innovative. Objective evidence of consultant capabilities includes track 
record on similar assignments and formal qualifications. Have they helped other 
organizations implement ISO successfully? If so, you will want references and should talk 

• to some of these organizations. Another key question: Is the consultant organization 
• ISO 9000 registered? This may not be practical for small consulting organizations but it is 

definitely applicable to organizations having 10 or more employees. In evaluating the 
proposed consulting costs, consider not only the costs but also the value-for-money. 

• • Developing an effective working relationship: Try to stick to the assignment plan 
• that was articulated in the proposal. However, because some changes will inevitably be 

needed, both consultant and customer should be prepared to be flexible. Any major • changes or a gradual drift in the assignment plan and objectives should be reviewed and 
• formalized in a contract amendment. Provide the consultant with access to the people, 
• information and other resources needed to deliver excellent service as well as feedback on 

• performance both during and after the assignment. Consultants are running a business 
and looking for follow-on work is a valid marketing activity. A good consultant, however, a will not try to make a client organization dependent on their services. Instead, the 

• consultant will add value by helping the client organization build its internal capabilities. • 
• Al Noonan's case study on p. 42 describes some of the pitfalls of improper use of 

consultants. 

• PREPARING YOUR ORGANIZATION FOR THE REGISTRATION EFFORT 

• As stated earlier, the primary goal is not registration per se. It is implementing an effective 

•
quality management system that meets the standard. If you achieve this goal, successful 

'ISO 9000 registration and scoring high marks in customer audits will be inevitable. • 
• The following sections discuss the steps to successful ISO 9000 implementation. If your 

• company has already adopted TQM, you will recognize these steps, since they are similar to 
those used in the TQM implementation process. If your TQM process is on track, you can 
incorporate ISO 9000 into your overall TQM framework by treating the ISO implementation 

• as a quality improvement initiative. If your company is new to TQM or if past efforts have not • 
• 
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measured up to your expectations, you could use ISO 9000 as a starting point in the quality 
process and prepare your organization for ISO 9000 and TQM simultaneously. 

To gain maximum value from ISO 9000, consider that the quality system is also a 
communication system, -u.sed by management, employees and customers. According to 
internationally recognized ISO 9000 writer Amy Zuckerman, the effectiveness of your 
communication procedures and skills will influence the effectiveness of the ISO 9000 system. 
An important component of effective communications is the use of team meetings. These will 
be more productive if employees have received training on how to conduct meetings and group 
problem-solving skills. 

You will need to communicate the overall nature, scope, purpose and specific goals of 
ISO 9000 throughout the company. Haley Industries Limited, for example, produced an 
Employee ISO 9000 Handbook, organized by ISO 9002 elements, which is introduced during 
employee training sessions. The table on page 135 shows a portion of a matrix from its 
handbook, detailing how each ISO 9000 element relates to each company department. Haley 
employees also receive pocket-sized, plastic-coated cards outlining the company's mission and 
quality policy. General Electric Aircraft Engines (GEAE) provides its employees with several 
concise publications for their use, including a 10-page ISO 9000: Questions and Answers 
study guide and an Audit Do's and Don't's Pocket Guide. AlliedSignal Aerospace Canada gives 
each employee a pocket-sized ISO 9000 Passport, which covers the main aspects of the system 
and employee responsibilities. 

It is important to explain ISO 9000 within the proper context, taking into account the history 
and current situation with respect to quality improvement efforts, results obtained, major 
changes to the organization and labour—management relations. It is not enough to motivate 
employees by saying that ISO 9000 is required by customers and regulatory bodies. 
Employees need to understand the full range of benefits to them. For example, ISO 9000 can 
help them overcome frustrations and get their jobs done more effectively. It can  also 
contribute to improving the business and this will result in better jobs and greater job 
security. The employee training program should be planned in advance to deliver just-in-time 
training on the scope and objectives of ISO 9000, and the needed skills in process mapping, 
procedure writing, measurement and auditing. 

Your reward and recognition system should be used to strengthen the ISO 9000 
implementation effort by endorsing new behaviours, such as designing and following 
procedures, keeping measurement data and working as teams. At LNP Engineering Plastics 
Inc., for example, employee performance evaluations include the extent of their contribution 
to the ISO 9000 system (see James Braham, "The Road to ISO,"Mackine Design, Aug-ust 27, 
1993). 
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Building on Its Existing Quality System; Vac Aero International Inc. Adopts ISO 9002 as 
Its Basic Quality System Standard; This Oakville, Ontario, company provides vacuum heat 
treating and brazing, repair of components from aerospace and industrial gas turbine engines, 
thermal spray and furnace manufacturing. When the company compared the ISO 9002 requirements 
with its existing quality system, a large degree of overlap was apparent. Quality Assurance Manager 
Carmine Filice states: "We were doing most of the ISO 9000 things before as part of being registered 
to MIL-I-45208 (Rev A) and being in compliance with Boeing D1-9000." 

Vac Aero will continue to operate using the Boeing D1-9000 system and is also preparing for a 
NADCAP audit. Because D1-9000 now incorporates ISO 9000, and because the NADCAP basic 
quality system is similar to ISO 9000, Filice is achieving some efficiencies in dealing with the three 
sets of requirements. 

Filice stresses that, in many areas, Vac Aero's quality system goes beyond the ISO 9002 
requirements. For example, the company has been using SPC to monitor and improve quality for 
several years. Employees have been trained on and use a number of techniques, such as control 
charts, Pareto analysis and brain storming. Having a good basic quality system to build on is a must 
for effective use of advanced quality system techniques. Filice points out that a typical SPC-based 
quality improvement project utilizes, in addition to advanced quality methods, a number of 
ISO 9002 elements. These include Contract Review, Document Control, Quality Records, Corrective 
and Preventive Action, Training, Test and Measurement, Statistical Techniques and Process 
Control. ISO 9000 can ensure that you have implemented each of these elements correctly and that 
they operate effectively.  

YOUR CURRENT QUALITY SYSTEM IS YOUR STARTING POINT 

ISO 9000 is a set of standards for quality systems, not a quality system in itself. The 
standards provide great flexibility in the design of quality systems. On the other hand, 
meeting the appropriate ISO standard will not automatically ensure that you achieve superior 
quality, become more competitive or manage quality in a cost-effective manner. Excellence or 
even superiority cannot be standardized. The standards, however, are valuable tools for use in 
the design of an effective quality system that can be used to meet company quality and 
competitiveness objectives. 

If you have not yet implemented ISO 9000 or are part way through the process, it will be 
valuable to ask the question: How are we managing quality now? Your current quality system 
includes formal and non-formal elements. As much as possible, you will want to match up 
your current procedures t,o what is required by the standard. Make changes only where the 
standard requires it or where improvements in quality or cost will result. Depending on which 
AQAP and/or MIL-Q standards your company has previously met, you will already have in 
place many procedures that are needed under ISO 9001/2. Comparison of these military 
standards with ISO 9000 is provided in Chapter 6. 
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Your previous investment in a quality system will enable you to save much time and effort in 
implementing ISO 9000. Your people already understand many quality system principles and 
your organizational culture reflects use of a quality system. Your existing quality 
documentation will be extremely useful in preparing the new documentation system; howev.er , 
you should avoid trying to shortcut the process by simply rearranging your existing manual 
un.der the ISO 9000 headings. You need to spend time interpreting the standard and 
determining how to meet it. 

THE INITIAL ASSESSMENT 

For each ISO 9001/2 element you will need to carry out the following steps: 

• Determine what you do now. This may not necessarily be what your existing quality 
documentation says you do. Talk to the people who perform the work. 

• Interpret the standard (for your type of business). What is the standard asking for? What 
will work best? 

• Identify the gaps/areas for improvement. This is the difference between the above steps. 
Although the assessment focusses on comparing the existing system to the ISO 9000 
standard, it is possible that opportunities to improve processes will also have  been 

 uncovered. These opportunities could involve removal of non-value-added work, use of 
new equipment or technology and new/improved methods or facilities. Potential 
improvement opportunities can be divided into the following three categories: 

nonconformances of the existing quality system with respect to ISO 9001/2 that have 
to be corrected prior to the registration audit; 
aspects of the existing system that, while conforming to ISO 9001/2, should be 
improved (e.g. non-value-added steps) and can be improved during the ISO 
implementation effort; and 
improvement opportunities that do not represent nonconformance with ISO 9001/2 
and will require significant process improvement efforts (e.g., root cause analysis, new 
equipment, etc.), which can be dealt with once ISO 9000 registration has been 
achieved. 

MANAGEMENT REVIEW AND PLANNING 

Management then reviews the gaps and other improvement opportunities that have been 
identified and develops plans for each improvement activity, usually by ISO 9000 element. 
The implementation plan should include: 
• definition of tasks and deliverables; 
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• • responsibilities of personnel for each task; 
• • a schedule, including activities and milestones; and 

allocation of resources. 

• Companies have found that standard project management tools, such as use of Gantt and 
• PERT charts, are highly effective during the implementation effort. • 
• In deciding on a schedule, you will need to allocate sufficient time to complete each 

implementation task effectively. Many companies have successfully used ISO implementation 
schedules ranging from six to 18 months. Excessively long implementation schedules, 

• however, will prevent development of the needed momentum. Experience has shown that with 
1111 	schedules of two years, for example, nothing gets done for at least a year. 

a 
The management reviews performed during the implementation effort will evolve into an 
ongoing process within the ISO 9000 quality system. Orenda Aerospace's Ian Leishman 
discusses initial and ongoing ISO 9000 management reviews in his article on page 63. 

• DOCUMENTING AND IMPLEMENTING PROCEDURES 

Who should document the quality system? In making these decisions, consider who will 
• use the different types of documentation within the system. The principal users of the quality 
• manual include management, quality personnel, customers and the registrar. The principal 

• users of procedures and work instructions are the people who perform the work and their 
direct supervisors. Regardless of who takes the lead in documentation, the users should have 
input. External users such as customers and the registrar provide input during reviews or 

• audits. Internal users can provide input by either writing their parts of the system or working 
• with the writers. All employees will need to understand the documentation covering the 

111 	procedures that they carry out. Managers will need to sign off on procedures for which they 
have responsibility. 

• Documentation can be done by teams, consisting of people who actually perform the process 
• being documented and experts to provide needed assistance. Previous experience with teams 

• will be useful here. Having functional managers serve as team leaders for documenting 
procedures under their responsibilities has been used successfully. An alternative approach is 
to have an ISO implementation coordinator or team take the lead in documentation, with 

• input and subsequent sign-off from the process users and owners. 

Using outside consulting or writing assistance can be useful, if approached properly, but is 
certainly not a necessity. Technical writers can  assist in documenting procedures, helping the 
team to get things done faster. It is important that they work closely with the people involved 
in the process. Consultants can help change organization culture and bring in a lot of 
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information fast. They must not, however, provide an ISO 9000 manual for the company to 
adopt without input from the employees. Employee ownership and understanding is a vital 
part of the documentation process. 

Overall structure of the quality system: The three-tiered approach to documentation 
(quality manual, procedures, work instructions) provides good flexibility, allowing changes to 
be made to lower-tier items without having to change the quality manual. Companies should 
put most of the detail in quality procedures and work instructions, rather than in the quality 
manual. Figure 13 shows the levels of quality documentation as a pyramid. Also included are 
the quality records as part of the documentation system. It is important to keep in mind that 
documents refer to what we do and how we do it and quality records describe what has 
happened. 

Figure 13 
Quality Documentation Pyramid 

The quality manual: The quality manual will describe your company's policies and plans 
for achieving quality and the structure of your quality system. The most straightforward way 
to organize the quality manual is by ISO 9000 elements. Under Element 4.2 (Quality System), 
companies provide the overall description of the quality system, including the policy and 
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system of documentation. If any elements are not relevant, they can be omitted from the 
• quality manual; however, justification is needed. The manual should define the approach used 
• and responsibilities for the ISO 9000 elements and identify the procedures used under each 

11111 	element and where they are found. The detailed descriptions of procedures do not have to be 
included in the quality manual but can be referred to. A matrix linking quality elements and 
procedures can be useful. Further information on how to write a quality manual is provided in 

• ISO 10013. 

Procedures and work instructions: Procedures describe the steps taken to design, 
produce and deliver quality products and services, in terms of "who does what and when." 

• Work instructions describe specifically how to perform the operations to which the procedures 
• refer. Procedures and work instructions should be accessible to employees who use them; that 
• is, they are located in their work areas. Documentation of procedures and work instructions 

• can be accomplished using various methods. It is not necessary to use sophisticated process 
analysis methods. The documenters, however, should make use of existing process analysis 

• methods and training that are already being used or available within the organization. In 
• order to ensure relevance and secure later buy-in, new procedures should be designed with 
• participation of users. 

When  documenting the procedures, stay as closely as possible to actual existing ones, making 
• changes only where required to correct deficiencies. Do not use more detail than is needed to 
• optimize quality. This is important not only to minimize the costs and risk of the registration 
• effort but also to strengthen ISO 9000's contribution to continuous improvement. Writing 

down information that doesn't contribute to quality will make the quality system less useful 
to employees. The optimal level of detail in procedures and work instructions depends on the 

• type of operations, training and supervision involved. Documented procedures can often be 
• one page and a flowchart. If they are five pages or longer, you have probably gone into too 

• much detail. It is not necessary to reproduce external documents and data within your 
procedures. These can be included in the set of controlled documents and referred to by your 
procedures. • 

• If yoù do not have a procedure that addresses a particular ISO element, you may or may not 

• need one. Ask yourself: What is the principle behind the element? How could it 
improve/maintain quality in your company? If the requirement is relevant, you should develop 
and document a procedure to meet the requirement; otherwise, document why the element is 

• not relevant. According to Malcolm I. Macfarlane, quality vice-president of the information 
• technology firm Sybase Inc., "The golden rule of ISO 9000 is: If the process doesn't make 

• long-term sense for your business, stop, rethink your interpretation of the standard 
and reconsider you' r alternatives. The purpose of ISO 9000 is to create prosperity, not 
bureaucracy." 

• „. 
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Linking ISO 9000 to a Process-based Management System: Most companies, when 
implementing ISO 9000, assign responsibility for each of the 20 elements to specific individuals, who 
then act as team leaders. McDonnell Douglas Corporation decided that a different approach would 
be more compatible with its process-based management system (PBM). PBM is a management 
approach that defines the enterprise as a collection of processes and that focuses on customer 
satisfaction and waste reduction by defining, measuring, stabilizing and improving the processes. All 
processes have owners, who are responsible for improving the competitive performance of their 
processes. Systematic process improvement includes planning and measurement of progress. Key 
business processes include: acquire business; program planning and control; integrated product 
definition; supplier management; production; and post-delivery. 

Mapping the ISO elements onto business processes clarified to process owners that they ovvned 
part of the quality system. Each business process was associated with a primary ISO element and 
several supporting elements. For example, Integrated Product Definition (Engineering) had Design 
Control (Element 4.4) as a primary element, and eleven secondary ISO 9001 elements. Supplier 
Management had Purchasing (Element 4.6) as a primary element and 14 other elements. Both these 
processes were responsible for parts of ISO 9000-3 for software. Mapping the PBM processes onto 
the ISO elements provided the team with the insight needed to make the appropriate decision. 

A series of ISO 9000 workshops covered the ISO 9000 system as a whole, its application to 
business processes, a walk-through of each element and implementation assistance. Process owners, 
assisted by trainers, conducted review and analysis of their proc,esses. Processes were changed, 
where needed, to bring them into compliance with ISO 9001 and to remove non-value-added 
activities. 

Several benefits were achieved from the ISO implementation process, including elimination of 
non-value-added activity, shifting quality responsibilities to parts of the organization that directly 
impact quality and continuing progress in process improvement. 

— from Corwyn Love,"Transitioning Ownership of the Quality Process," McDonnell Douglas 
Corporation, August 23, 1996.  

Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

Flowcharting is an effective way to visualize processes and detect non-value-added steps. 
Some changes may be needed to processes in order to meet the standard. The changes can be 
identified and agreed upon during the process of editing the flowcharts. Flowcharting can be 
performed by non-specialists if they have had some basic training. If your employees are 
already familiar with flowcharting as a process analysis tool, you will definitely want to apply 
it during the ISO 9000 implementation effort. If not, this could be an opportune time to 
provide them with such training, since it will be immediately useful. 

A useful discussion on the use of flowcharting in ISO documentation is provided in Quality 
Digest magazine, summarized here. According to the article, the implementation team, 
working with senior management, should develop the top-level flowchart. Avoid excessive 
detail — 25 boxes maximum. Once this flowchart is done, owners for each major process can 
be designated from within the management team. They will be responsible for the more 
detailed flowcharting of their process. These process owners will lead the flowcharting efforts 

5 - 112 



Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

but there should be a high level of involvement of the people who actually perform the 
processes. To manage this, it may be necessary to add an additional level, e.g., team leaders, 
depending on the size of the organization. Once all procedures have been documented, the 
quality system should be reviewed by the process owners to determine if it reflects how the 
organization wants to do business. It must then be approved by senior management. (see 
Rod Southard, "Developing a Business Approach to ISO 9000,"Quality Digest, August 1995). 

ISO 9001 Implementation Was Springboard to Streamlined, On-line Documentation 
System: Before implementing ISO 9001, Lockheed Martin Electronic Systems Canada (LMESC) 
had a quality program that was based on the AQAP-1 and AQAP-13 requirements. The 
documentation to support this program occupied sets of 12 large binders, located at information 
stations throughout the company. In many areas, we had duplication and obsolescence. ISO 9001 
provided the springboard to a much needed change. 

We found that the big benefit of ISO 9001 is establishing accountability; this is why functional 
managers are assigned ownership of each of the 20 ISO 9001 elements. This was very much a 
culture change, as the functional managers had to adopt the principle that quality was their job too 
and not just the job of the quality department. 

During the ISO 9001 implementation process, we streamlined our documentation procedures 
extensively. The procedures are now on-line; every employee has access to this information from his 
or her PC. The system uses Microsoft Word, with Microsoft Excel used for a document database. If 
hard copy were to be made of these procedures, they would be combined in two large binders — 
considerably fewer than the previous 12. Forms can be viewed and completed on-line. The forms are 
numbered and a forms index is also available on-line. A list of form changes is sent out monthly to 
alert users. Work instructions can be printed from the on-line system but a caution note is 
automatically printed on the documentation, indicating that the current copies are available only on-
line. Reference documents, including the ISO 9001 standard and our approved suppliers list are also 
available on-line. A Hot Keys feature (allowing users to navigate within the on-line quality system) is 
currently being added to the system. 

The documented system is dynamic; it must evolve as we do. To accomplish this, we established 
a bottom-up system, whereby obsolescence of lower-tier work procedures is prevented by having the 
program and functional managers conduct scheduled applicability reviews. This continuous 
improvement initiative is controlled and documented through our Employee Request For 
Improvement system. We believe that the status of our ISO 9001 system is of interest to all 
employees and have made information available on-line, on corrective actions, deficiencies and 
internal audits. 

— Sarinder (Bill) Samrai, Lockheed Martin Electronic Systems Canada 

Using software or written templates: These vary from tools to help you develop your own 
documentation system to "generic systems" that are intended to be tailored by companies to 
fit their operations. The former type may be beneficial; however, the latter type can have 
drawbacks. An appropriate template will not try to substitute for your efforts in interpreting 
the standard or designing a system of quality documentation that truly reflects your 
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organization's processes. An effective documentation tool will help you to analyze your 
processes and interpret the standard. It may facilitate your work by providing examples but it 
should not be a "one size fits all" documentation system. 

Implementing the doctunented system: Once the quality system is documented, it will be 
necessary to train all staff on its use, including both new and existing procedures. As the new 
procedures are put in place, some glitches are bound to occur. The documentation of existing 
procedures may not be 100 percent accurate. There may have been variation among 
employees in how the previous procedures were carried out. New procedures will need to be 
tested under a range of operating conditions before being finalized. 

GE Uses Process Mapping to Document ISO 9001 Procedures: A recent article from GE 
Appliances described how the division has used a seven-step proc,ess mapping technique to document 
procedures for ISO 9001. The company found that the most important step in process mapping was 
selecting the right team. This should consist of the natural work team, the people who actually 
"touch the process" on a daily basis. It should also include technical experts, such as engineers from 
the design, manufacturing and quality departments. A key step is to validate the process by a walk-
through of the actual process, during which other process experts review the team's results. An 
important rule of thumb is that the process map should reflect only what is necessary to fuLly 
understand the process or to leani in depth about areas that need improvement. 

— (Robert A. Abbot, Manager, Quality Improvement Programs, GE Appliances, 
"Connectivity — Empowering Process Owners Under ISO 9000,"Transactions, ASQC 
49th Annual Quality Congress)  

SELECTING AND WORKING WITH A REGISTRAR 

Selecting a registrar is a critical decision with a long-t,erm impact. You will not be able t,o 
change registrars without becoming re-registered. In choosing a registrar, the foremost factor 
to consider is the registrar's credibility with your customers. Customers for aircraft generally 
are not concerned with who a supplier's registrar is; however, prime contractors are. The 
registrar's audit team should have at least some experience in your industry, in order to 
properly assess your quality system's capability t,o meet your customers' requirements and 
applicable airworthiness regulations. In order for the registration to have wide recognition, 
the registrar must be accredited by a government-designated body — in Canada, this is the 
Standards Council of Canada. Other factors include the cost, timing and availability, and "fit" 
with your organization's approach to quality and doing business. 

Registrars are profit-oriented companies, not regulatory officials. Their businesses are 
analogous to accounting firms that provide independent audits of companies' financial 
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a 
• performance for taxation and securities regulation purposes. You should be looking for an 
4111 	accredited supplier of independent quality system audit services. As with your other suppliers, 

you will want to develop a long-term relationship with this firm. 

a Ideal registrars will be very thorough in assessing the adequacy of your quality system with 
• respect to the ISO 9001/2 standard. They will have high standards of objectivity and 
• independence and will interpret the standard correctly. They should also show flexibility, for 

• example, by maldng every effort to understand how your quality team has applied the 
standard to your company and by being open to innovative approaches to meeting the a requirements. The auditors' role is not to provide consulting assistance but they should be 

• able to provide useful suggestions on issues related to their audit. They should not become 
• involved in designing the quality system, since this would compromise their role as 

• independent auditors. 

111 You should interview and ask for proposals from three or more registrar firms, selecting the 
• firm that will provide the best overall value. The registrars' proposals should identify their 
• audit team and the allocation of personnel time to each phase of the project. Invite the 

• registrar for an initial visit. Senior management and your QA department should be involved 
in this meeting. Be sure to have an in-depth meeting with the audit team leader and one or 

C 	two potential team members to get a sense of their competence and how they operate. When 
• should you select a registrar — at the beginning or part way through the implementation 
• process? Companies have done both and have achieved good results. 

The case study from SED Systems Inc., beginning on page 125, describes how that company 
selected its ISO registrar: 

• PREPARING FOR REGISTRATION 

Between the time the quality system documentation has been produced in draft  form and the 
registration assessment has been conducted, the implementation team and others undertake 

• several tasks: • • Employees begin operating the documented quality system using the documented 

• procedures, creating quality records, identifying and handling nonconformances, etc. 
• Implementation team commences internal audits and takes corrective action. • • Implementation team fixes problems with documentation and finishes documenting the 

• quality system. • • Senior management reviews and approves the quality system. 
• Implementation team conducts fiirther internal audits to ensure procedures are working 

properly, taking corrective action where needed. This is followed by management review. 1111 	• Registrar reviews and approves quality manual (possibly after requiring changes). 
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• Registrar (or other third-party auditor) conducts pre-audit, followed by a management 
review and any necessary corrective action. 

During these steps, activity shifts from building the quality system to operating it. Although 
registration is the most identifiable goal at this time, it is important to keep in mind that a 
high-performance quality system is the ultimate goal. Registration is a milestone along the 
way. 

It is advantageous to have the ISO 9000 quality system up and running for a few months 
prior to the registration audit. This will create a set of quality records that demonstrate the 
the system works as designed. This does not mean the absence of nonconformances. 
According to Nick Budd of Litton Systems Canada, if there is no nonconformance history in 
the quality records, the records must not be accurate. 

Some registrars may first suggest that they conduct a high-level pre-audit to help your 
company determine if it is ready to seek registration. The advantage here is that the pre-audit 
is done by the same party that will do the registration audit, leading to auditing consistency 
that will facilitate registration. The disadvantage is that registrars do not (or should not) 
provide implementation assistance; that is, they should not be telling you how to close the 
gaps. This is where a pre-audit by a consulting firm can be useful. If the consultants are 
qualified ISO 9000 auditors, their pre-audit should provide an accurate assessment of your 
company's quality system with respect to its meeting the standard. If they understand your 
business and are good consultants, they will be able to make suggestions on the design of your 
quality system that enable it to comply with the standard, and that make good business sense. 

THE REGISTRATION AUDIT 

Many texts discuss how to gei through the registration audit, so we will not discuss this • 
subject at length here. There are, however, some important points that deserve mentioning. It 
is important for employees to understand the purpose of the audit and to be prepared. This 
can be accomplished during the ISO 9000 training sessions. Trainers' objectives should be to: 
• thoroughly prepare employees for the registration audit; and 
• avoid giving thé impression that ISO 9000 is mostly about passing the registration audit. 

An audit preparation check list is useful. See, for example, the check list on the following page 
that AlliedSignal Aerospace Canada prepared for its employees. 

The first ISO 9001/2 element is Management Responsibility. Senior management can 
demonstrate this by meeting with the auditors early in the audit to go over the audit scope 
and objectives and again at the end of the audit for a briefing on audit observations. 
Functional managers can make themselves available during the audit to deal with audit 
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issues related to their areas. Minor nonconformances can often be corrected during the audit. 
Major ones will require some post-audit work by the implementation team. 

What if ISO 9000 registration is not granted after the initial audit? Do not spend time trying 
to decide who is to blame. Just analyze and correct the problems. Successful registration will 
follow. The long-term value of ISO 9000 to your company will depend on how the company 
uses and maintains the system, not on the number of "glitches" that occur during the 
registration audit. 

PREPARING FOR THE REGISTRATION AUDIT: 
CHECK LIST FOR EMPLOYEES 

1. All files and documents should be in file cabinets or neatly organized. 

2. All proprietary information should be filed away. 

3. Ail  piece parts and products should be organized, separated and labelled so they will not be used 
inappropriately. 

4. Handwritten work instructions should be removed from the area or equipment. If they are 
needed to ensure the quality of the product, they should be incorporated into official 
instructions/procedures as controlled documents. 

5. All media (floppy disks, tapes, etc.) should be in jackets, labelled and stored appropriately. 
Backup media for critical data should be stored according to department backup procedures. 

6. Equipment should be intact. It should not be disassembled unless necessary for current testing, 
inspection, etc. 

7. Calibration for all inspection/measurement equipment should be current. 

8. All active records and documents should be organized so they are easily retrievable. 

9. All obsolete documentation should be destroyed or marked "Obsolete — For Reference Only" 
and put away. 

10. All areas should be free from safety hazards. 

11. The appropriate procedures manuals should be available in all areas specified by the document 
control procedures. 

— Adapted from AlliedSignal Aerospace Canada's ISO 9000 Employee Handbook. 
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NOW THAT YOU ARE REGISTERED 

Registration is not an end; it is just the beginning. Registration will mean that we have earned 
a world-recognized standard of quality and that we have processes in place that ensure 
continuous improvement 

AlliedSignal Aerospace Canada ISO 9000 Employee Manual 

Many companies celebrate their successful registration by installing banners, hostin.g special 
events, recognizing employee effort and sen.ding announcements to customers. Celebrating 
the achievement is a great thing to do but it should be done vvithin the context that 
registration represents an important milestone on your company's journey toward improved 
quality and business excellence. It is not the end of the road. The long-term benefits a 
ISO 9000 will depend on continuously improving your quality system. The effort leading up to 
registration will have generated a considerable amount of momentum. The company can build 
on this mom.entum to keep moving along a path of continuous improvement. 

To maintain its ISO 9000 registration, your company will have to undertake corrective and 
preventive action, periodic internal audits and management review. If you have designed your 
quality system correctly, the ongoing use of the ISO elements will result in continuous 
improvement. The Corrective and Preventive Action element should be a cornerstone of your 
company's continuous improvement process, since it calls for identifying and eliminating 
causes of nonconformances to customer requirements. Some companies have lost their 
registration because of failure to follow this element. 

Internal audits, as well as being necessary for continuing compliance with ISO 9001/2, can 
play a valuable role in continuous improvement. The scope of these audits is not specifically to 
determine complian.ce with the ISO standard but to verify that the quality system is 
functioning as designed and to identify areas for improvement. If these objectives are 
achieved, continuing compliance with the standard is assured. In addition to identifying 
problem areas, audits keep the profile of quality high and, if done properly, provide a learning 
experience for auditors and auditees. With positive experience, the audit process becomes less 
threatening. 

The registration audit will have identified some deficiencies that did not prevent registration 
but must be corrected prior to the first surveillance audit. This provides an opportunity to 
begin using the ISO 9000 system. You can handle these findings in the same way as internal 
audit findings, taking corrective action, followed by management review, implementation and 
verification by internal audit prior to next surveillance audit. 
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Your registrar will be conducting surveillance audits every six months or annually, covering 
• apprœdmately one-third of the standard, and a comprehensive re-registration audit every 
• three years. These third-party audits, as well as any customer audits that are still needed, are 

• not without cost but they  cari  be useful inputs for your continuous improvement efforts. 
Michel David, Vice President of Quality at Pratt & Whitney Canada, considers external audits 
to be opportunities for uncovering "gems" — process improvement opportunities that have 

• been previously missed. According to David, "To make this happen, the auditee and audit 
• team need to have a constructive relationship and to work hard at the audit." 

During the implementation effort, some process improvement opportunities that go beyond 
ISO 9000 compliance will have been identified. Some of the simpler problems will have been 

• fixed, while other problems will need further process analysis and improvement. These 
• opportunities can be tackled by process improvement teams, as part of your overall 

continuous improvement process. Improvements should be relevant to business objectives, for 
example, customer satisfaction, product quality, cycle times and costs. Additional process 

411 	improvement opportunities will be identified through the ongoing operation of the quality 
• system. It is also useful to examine all critical processes on a scheduled basis to identify 
• improvement opportunities. 

Chapter 3 discusses the relationships between ISO 9000, TQM and continuous improvement. 
• Where continuous improvement is concerned, there are limitations to the scope of ISO 9001/2. 
• For example, to achieve long-term success, you need a continuous improvement process that 
• improves both your business processes and your people. ISO 9000 provides a well-defined 

•
framework for the first but not much on the second. It also provides little guidance on 
management leadership or partnering with suppliers and customers. Several of the case 

• studies in this handbook describe the practical experience that aerospace and defence 
• companies have gained in integrating ISO 9000 with these concepts. See, for example, the 
• case studies by AlliedSignal Aerospace Canada (p. 140), Atlantis Aerospace Corporation 

(p. 89), Bombardier Aerospace Group (p. 121), Composites Atlantic Limited (p. 72) and Haley 
Industries Limited (p. 130). • 

• Meaàurement activities are an essential part of continuous improvement; however, they 
• should be undertaken wisely. Do not measure for the sake of collecting data. Each 

measurement must have a goal and should relate to meeting customers needs. Integrating 
ISO 9000 within a broader TQM framework and assessment structure can provide the means 

• for tracking the broader organizational aspects of quality. The use of quality award criteria 
• for measuring progress in quality and overall business excellence is discussed in Chapter 7. 
it
O  
O  

• 
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SOIVIE ISO 9000 I1WPLEMENTATION MISTAKES TO AVOID 

• Failure to obtain adequate support from senior and functional management. 

• Buying a generic quality manual. 

• Too long or too short a schedule for implementation. 

• Focussing on ISO 9000 registration only as a customer requirement. 

• Delegating responsibility for getting the company registered to an outside consultant. 

• Building the procedures around ISO 9000, rather than business processes, creates extra 
work and is not the way that business is done. 

• Overdocumenting processes or committing to procedures that are not required. 

• Procedures documented by specialists, with little involvement of the people who are 
expected to employ them. 

• Not communicating the purpose of ISO 9000 and employee responsibilities to everyone 
in the company. 

• Becoming bogged down in improving the procedures being documented. 

• Not using a rigorous, competitive proposal process for selecting an ISO 9000 registrar. . 
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ISO 9000 IMPLEMENTATION AT BOMBARDIER INC. CANADAIR 
by  Roman  Szydlowski, Quality Assurance, Bombardier Aerospace Group 

Company Profile 

• • 	Bombardier Aerospace Group is part of Bombardier Inc. a world leader in motorized 
• consumer products, transportation equipment, aerospace, defence and support services. It 
• encompasses four leading aircraft manufacturers: Canadair and de Havilland in Canada, 

• Learjet in the United States, and Shorts in the United Kingdom. 

• Bombardier Aerospace is focussed on the design, manufacture, sales and support of regional 
airliners, business jets and airframe components. Current products include the Canadair 

• Regional Jet, the growing family of de Havilland Dash 8 regional turboprop airliners, the 
Leaijet line of light and mid-sized business jets, the wide body Canadair Challenger aircraft, 
the long-range Bombardier Global Express business jet and Canadair's CL-415 turboprop 

• amphibian. 

Background to ISO 9001 

The motivating factors for adopting ISO 9001 at Bombardier Canadair were: • • a corporate objective to standardize management practices throughout the organization, 
• with ISO 9000 as part of this process (Canadair's strategic plan called for adoption of 

• ISO 9001); 
• world-wide movement toward acéeptance of the ISO 9000 standards; 
• Standards Council of Canada adoption of ISO 9000 as a national standard; • • a letter from DND advising us that our AQAP-1 accreditation was running out (in order 

• to continue doing business or any future new business with DND, we would have to be in 

• compliance with ISO 9000); and 
• results of surveys conducted among other aircraft manufacturers and their intentions 

regarding ISO 9000. 
• 
• Planning and Preparation 

• 
The director of quality assurance assigned a quality assurance systems expert to lead the 
effort. This individual had over 35 years of service at Bombardier Inc. Canadair and was 

• instrumental in achieving the company's previous AQAP-1 accreditation. His initial tasks 
• were as follows: 

• • evaluate the ISO 9001 requirements relative to the wdsting system and identify the 
"delta"; 

• evaluate what internal and external resources would be required and estimate the costs; • • evaluate the potential registrars, based on experience and cost, and choose one; and 
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• prepare a business case for top management, identifying the costs and benefits of the 
initiative, and provide an action plan. 

System Development • 

Top management support was established at the outset. Bombardier Aerospace Group 
President R. E. Brown and Group Executive Vice President of Engineering and Quality 
Assurance, J. P. Holding set ISO 9001 registration as a company goal and approved the 
budget. The quality assurance department had the responsibility for the initiative. 
I. Rittweiler, Director of Quality Assurance, became the ISO management representative and 
champion for the implementation. R. Szydlowski was appointed ISO team leader, ISO 
coordinator and ISO information officer. A dedicated ISO information office was set up for 
directing all activities and compilin.g data. Presentations were given to management at the 
departmental directors level to identify resources and support required. Directors from 
various divisions assigned expert individuals for the ISO team. Team members were given 
briefings on what ISO 9000 was, its requirements, and what they had to do to achieve 
registration. Team members provided schedules and action plans which were combined into a 
master schedule by the ISO team leader. 

The central feature of an ISO 9000 quality system is documented procedures to ensure that 
internal and external customers' requirements vvill be met. The ISO 9001 standard defines 
specifications for the documented procedures but does not say who in the organization should 
develop and maintain them. The ISO team assigned ownership of procedures to the functional 
departments that carry them out. Making each department responsible for its own procedures 
was a departure from the previous practice of having the quality assurance department write 
procedures for everyone. This was an important decision  and  was consistent with our goal of 
creating documentation that is relevant to the user as well as compliant with ISO 9001. To 
ensure that documentation conformed to company policy and ISO 9000 requirements, quality 
assurance reviewed all procedures, prior to issue. The documentation was structured in three 
levels: 
• Level 1 — Quality Policy Manual; 
• Level  2—  Procedures; and 
• Level 3 — Work Instructions. 

ISO training/information sessions were given at all levels: directors, managers, supervisors 
and personnel. Internal auditors were trained in ISO requirements and carried out audits 
progressively. The ISO team leader attended some external courses and seminars on ISO 9000 
in order to keep abreast of any new developments such as the 1994 revisions. 

Regular weeldy team meetings were held to monitor progress and assist in solving problems. 
The director of quality assurance kept the vice presidents informed of progress. 
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FRACAS is Bombardier Aerospace Group's Failure Reporting Analysis and Corrective Action System. 
See page 92 for an explanation of this system. 

a 

a 	The key to achieving a successful audit outcome was proper preparation, dedicated team work 
and top management support. Several months before the audit, we submitted our quality 
manual and procedures to the registrar. The registrar evaluated our manual and declared it 

Ô 	met ISO 9001 requirements. The audit plan and questions would be based on our own 
• procedures — no surprise questions. Prior to the registration audit, our quality assurance 
• auditors carried out an audit of the complete system, based on ISO 9001 requirements. The 

results were reported to the Vice President of Systems, A. Dugas, who coordinated the 
corrective actions. QA followed up to verify that corrective actions were implemented. 

A series of information sessions were presented to all functions on how to conduct themselves 
• during the audit. Topics covered included the need for having procedures in place and up-to- 

• date, the documentary evidence required, and typical questions that could be asked. In order 
to make the employees feel comfortable during the process, information on the audit date and 
potential auditor questions were also posted on information boards and inserted into 

• employees' pay cheque envelops. 

As part of our preparation for the audit, which took place in June 1995, our ISO team leader 
attended an audit of another Bombardier division by the same registrar and observed their 
approach and style. 

• Sustained Momentum 

The motivation after the successful audit continued to be even better than prior to the audit. 
• All our employees took great pride in the achievement. Encouraged by our success, the team 
• continued to meet and improve in areas beyond the scope of the audit. This served us well as 
• preparation for our maintenance audit the following year. 

a Continuous Improvement and ISO 9000 

• The ISO quality system serves as a tool within our continuous improvement process. Through 
• internal audits, customer audits and monitoring corrective actions through our FRACAS* 

a 	system, we are able to recommend to management and implement the changes required for 
the improvement of the system. Top management participates via the director of quality 

C 	assurance, who has direct access to top management on all quality matters. Each major 
• department performs periodic self-audits to review their procedures, ensure they are working 
• effectively and make improvements where needed. Senior management are involved in this 

• I  
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process by reviewing audit reports and actions and making decisions were needed. The quality 
assurance department monitors these self-audit activities to ensure that they are operating 
effectively. 

Departmental management own and are responsible for the continuous improvement process 
of their departments, and quality assurance provides the support where required. Every 
employee, by analysing his or her tasks for value-added, assumes ownership in the process. 

Management provides the necessary training and promotes management behavior, such as 
professionalism and encouraging employee awareness, growth and creativity for achieving 
continuous improvement. 

Benefits 

The following benefits arise as a result: 
• increased employee motivation through direct participation in creating their own 

procedures; 
• senior management participation in corrective action and the continuous improvement 

pro cess ; 
• standardized language and common approach to quality systems throughout the 

Bombardier organization; and 
• marketing value, particularly when dealing with the European Union. 

Lessons Learned 

Achieving ISO 9001 registration was not as complicated for Bombardier as we initially 
believed. Goals can be achieved if you: 
• select a champion and a dedicated team; 
• set an ambitious schedule; and 
• go for it. 

At present, Canadair and Shorts in the U.K. are registered to ISO 9001. De Havilland and 
Learjet will be adopting ISO 9001 and will have access to the experience gained and lessons 
learned. A future possibility is placement of the entire Bombardier Aerospace Group under a 
single ISO 9001 registration. A potential benefit from this arrangement would be 
streamlining of the process for meeting airworthiness reg-ulations on programs where 
facilities in more than one country are involved. 
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SELECTING AN ISO 9000 REGISTRAR, 
by Mike Tourigny, Quality Assurance Director, SED Systems Inc. 

Introduction 

SED Systems Inc. is a Canadian advanced technology company specializing in space and 
communications systems engineering. SED has extensive experience in space, 
communications, satellite test and control, defence and aerospace systems, and custom 
electronics manufacturing. SED is a wholly owned subsidiary of Calian Technology Ltd. 

SED was certified to AQAP-1 by DND in 1990. Since then, SED's quality system has evolved 
and, in 1996, the company achieved ISO 9000 registration. SED is currently in the process of 
obtaining Transport Canada manufacturing approval. 

An interesting aspect of our ISO registration was the process we used in selecting a registrar. 
Basically, we treated the selection process as we would for any other service subcontractor. In 
hindsight, this was a key contributor to our successful registration experience. Surprisingly, 
most companies overlook this step and simply select a registrar on an ad hoc basis. The 
following case study focusses on the registrar selection process we used and what worked for 
US. 

Just Another Subcontractor 

It is important to remember that your registrar is hired by you, not imposed on you. 
Therefore, why not hire the best registrar for your particular business? For all other service 
contractors, we develop contract requirements, send requests for quotes, trade off prices with 
experience/capabilities, interview prospective firms, check references, etc. During our ISO 
registrar selection, we decided to follow the same rigorous process. 

Request for Quotation 

First we developed a Request for Quotation that included: 

• A description of our company: This helped the registrars determine whether they were 
qualified to audit us. 

• The size of our company and size of the ISO documentation: This information is usually 
used by registrars to establish their cost and schedule. 

• Our special requests and requirements: We analyzed what we expected from the registrar 
and put it in writing. For example, our management system covers all departments 
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• A request for references and a list of all similar companies they have registered. 	 a 

including accounting and human resources. We specified that those departments would be 
outside the scope of the ISO audit. We also required registrars to have Internet E-mail 
addresses to accommodate easy document update transfers. Do not be afraid to specify 
what you want. The worst that can happen is that they may say no (and companies do not 
like saying no when pursuing contracts). 

• A specific format for pricing including a detailed breakdown: This was very useful, since 
it allowed us to compare apples with apples. Otherwise, registrars will break down their 
prices differently, making meaningful comparisons difficult. Specifically, we asked for the 
total life cycle cost of a three-year contract (documentation review, registration audit and 
three years worth of surveillance audits). 

• A request for the resumes of the people who would audit us: These resumes allowed us to 
judge the experience and credentials of the auditors we would see. Our experience was 
that the auditors were as big a factor in our selection criteria as the firms they worked for. 

• Information about the international scope of the registrar and/or any reciprocal 
agreements: We have many foreign customers, and international recognition of the 
registrar and their credentials were important to us. 

• A request for a copy of their quality manual: We ask this of all our other vendors so why 
not from an ISO registrar? This turned out to be very illuminating. Many ISO registrars • have not adopted quality management principles throughout their own operations. To us, 
registrars are a service business and better service businesses have quality systems (e.g. 	 a 
ISO 9004-2). If registrars did not practice what they preached, we avoided them. Either 	 • 
they are committed to quality principles or they are in the vvrong line of work. 	 • 

a 

a 

We sent the Request for Quotation to most accredited registrars in Canada. The proposals we 	a 
received varied dramatically. Some sent a detailed proposal, responding to all our specific 
requirements. Others sent their standard proposal with no consideration of our unique 
requirements. One sent us a one-page registration application form. If a registrar does not a 
take the time to read and respond to your specific requirements, do you think that he/she will 
be any more customer-focussed once hired? 

References 

a 
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• knew the registrars had audited. References worked well for evaluating registrars, since 
• responses tended to be bipolar. Franldy, either people loved or hated their ISO auditors. 
• Remember to ask about specific auditors by name. Most registrars have both good and not-so-

good auditors. 

• Marketing Presentation 

• We then invited the registrars on the short list to come to our facility, at their expense, to do a 
marketing presentation. We asked that the registrars send the lead auditor they would use 

• rather than a marketing person. The face-to-face presentation was important in establishing 
• the following issues: 

• • Does the auditor understand your business? 
• Does the auditor interpret ISO requirements the same way you do? 
• Does the auditor share your quality philosophies and can he/she relate to your corporate 

• culture? 

• • Are you personally compatible with the auditor? 
• Are your senior managers comfortable with the auditor? 
• Do you completely understand their registration process? 
• Are the auditors flexible without penalty (your ISO implementation may not go according 

to schedule)? 
• What ground rules or understandings should be agreed upon prior to sigming a contract? 

• Audit Observation 

After we had contracted with our registrar, we experimented with an idea that worked very 
well. We sent our internal quality auditor as an observer on an ISO audit being performed by 

• oui  registrar on a different company. Of course we needed permission from both the registrar 
ançl the company, but both were very understanding and accommodating. The audit provided 
the following benefits: 
• It cemented a good working relationship with the auditor prior to our audit. 

C 	• We gained insight into the ISO auditor's audit style and techniques. We used this 
• information when training our staff about what to expect during our ISO audit. 

• Our internal quality auditor gained valuable insight into how others perform audits and 
• how other companies implement ISO. This was an excellent auditor training experience. 

• Summary 

One of the most important factors in our successful ISO registration experience was 
deliberately choosing the best registrar for our needs. While this required time and effort, the 
process we used was the same that we would use to select and control any other 
subcontractor. Selecting a gôod registrar has made our ISO registration a rewarding and 
productive process, and will continue to pay dividends during the surveillance audits in the 
years to come. 
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IMPLEMENTING ISO 9000 AT LITTON SYSTEMS CANADA LIMITED 
by Nick Budd, Quality Assurance Director, Litton Systems Canada Limited 

Introduction 

Litton Systems Canada Limited (LSL) is a Canadian company with an international 
reputation as a producer of highly sophisticated electronic equipment, such as airborne and 
maritime electronics and large-scale, ground-based, special-purpose systems. Airborne 
systems include inertial navigation systems for both commercial and military aircraft, 
surveillance radar, and flat panel, multi-function LCD and LED displays. With substantial 
capabilities in design, manufacture and systems integration, LSL earns 70 percent of its 
revenue from export sales. 

LSL had been certified to AQAP-1 and MIL-Q-9858A for some years. In 1991, the ISO 9000 
standards caught the attention of the LSL quality department, as they appeared to fill some of 
the quality system gaps left by the military standards to which LSL was already certified. 
LSL's marketing department was beginning to notice that ISO 9000 approval was being used 
by some companies in Europe as a marketing asset. 

Even though there was no pressure in North America, LSL's primary market, we decided to 
pursue ISO 9001 registration, since we considered that registration would become essential in 
the future. The ISO standard's potential to facilitate internal improvements added 
momentum to the decision to begin implementation. 

Implementation 

We scheduled the implementation program to take one year but in actual fact it was two years 
before registration was awarded. Because LSL's operations were already mostly in compliance 
with ISO 9001, the implementation activity was mainly centred on the documentation. The 
documented procedures for several of the ISO 9001 elements needed to be elaborated, for 
example, Management Review, Contract Review, Design Control, Corrective and Preventive 
Action, and Training. 

LSL's quality assurance departm-ent was given the job of coordinating the registration effort; 
however, it was clearly understood by all departments that they were responsible for their 
own parts of the system. Each department nominated a management representative to work 
with quality assurance to determine where their operating procedures were deficient vvith 
respect to the standard. For company procedures that affected all departments, it was 
necessary to have all representatives in one room and go through them together. After the 
initial changes were made, it took about a year of experience in using the procedures to 
remove all the discrepancies so that registration could be achieved. 

enee."4. 
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The QA department provided training sessions to all employees, consisting of a half-hour 
• presentation, followed by a question-and-answer session of up to an hour. We also provided an 
• "ISO Hotline" telephone number that employees could call if they needed additional 

information. The hotline was not used extensively, possibly because there were ample 
opportunities for informal discussions between QA staff and the rest of the company during 

• the implementation working group sessions. 

a 	LSL's ISO 9001 quality system provides the framework for quality management 
within LSL. Our quality initiatives go beyond the minimum ISO 9001 requirements in a 

• number of areas. For example, SPC is an important part of our quality approach. We measure 
• the process capability ratios, Cpk, at several key points in our manufacturing processes to 

track efforts to increase process capability. Our quality manual states that SPC is used, and 
the details of these SPC procedures are documented within procedures manuals belonging to 

• individual departments and referred to by the quality manual. The procedures used by LSL to 
• meet airworthiness requirements are also contained within our ISO 9001 system. 

Results 

• Direct results of being registered to ISO 9001 include: 
• • being eligible to quote on contracts that specifically require ISO 9001 registration; 

• having fewer quality system audits by customers; and 
• spending less time on explaining our quality system to them. 

• LSL's ISO 9001 credentials provide customers with added confidence in the quality system. 
The ISO 9001 documentation format facilitates discussions between ourselves and our 

• customers on quality issues. 

• There have also been a number of internal benefits, including: 
• writing and using written procedures which causes everyone to think through the actual 

• procedures, leading to better quality and opportunities for continuous improvement; 
111 	• enabling LSL to meet more stringent quality requirements; 
• • increased productivity by reducing rework; 

• advantages of having ISO 9000 flow down to suppliers; 
• personnel training requirements reviews; 

• • expansion of quality improvement initiatives throughout the company, not just in 
• manufacturing; 

• • wider use of SPC; and 
• better design controls. a 
Whereas the external benefits from ISO 9001 were immediately apparent, we expect that 
these internal benefits will continue to accrue as we use the ISO 9001 framework for 
managing our quality system. 

• 
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EMPLOYEE INVOLVEMENT MAXIMIZES ISO 9000 BENEFITS 
by Lennox Vaillancourt, Larry McHenry and Chris Cuthill, 

Haley Industries Limited 

Company Profile 

Haley Industries Limited provides complex aluminum and magnesium castings for the 
aerospace and automotive markets. In addition to our sand casting and die casting operation.s, 
we perform machining and other processin.g and assembly operations. We provide our 
customers with a wide range of casting geometries, alloys and value-added assembly — from a 
complex F16 gearbox to a complete Boeing 777 door assembly. We have capabilities in 
CAD/CAM, rapid prototyping, conventional pattern making and computer numerical control 
(CNC) machining, and we often work with customer design teams to engineer a casting 
process concurrently with their part design. 

Haley is ISO 9002 registered and was the first sand foundry to be D1-9000 approved by 
Boeing, Witchita. Haley is recogmized as an "Advanced Quality System" supplier by several 
other OEMs and first-tier suppliers. The company is also accredited by the Performance 
Review Institute in accordance with the NADCAP program for Nondestructive Testing using 
the Liquid Penetrant and Radiographic Inspection methods and for Heat Treating and 
Materials Testing. 

Established in 1952, the company employs close to 420 people at its 160 000 square-foot 
(14 875 m2) plant near Renfrew, in eastern Ontario. 

Quality Management at Haley Industries 

Haley Industries became active in total quality management (TQM) in early 1989. Significant 
research, benchmarldng and training preceded this effort. Management and labour 
brainstormed future direction and implementation strategies and committed their resources 
to achieving mutually defined goals. 

Haley's TQM process is based on four guiding principles: 
• Customer Focus; 
• Quality; 
• Continuous Improvement Process; and 
• Employee Empowerment. 

Implementation of each principle is based on the following seven-step process: 
O Assess; 
O Organize; 
O Plan; 
O Raise awareness and educate; 
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• 0 Involve; • (3 Improve; and 

• 0 Review. 

Incorporating ISO 9000 into Haley's TQM Process 

•
• 

During the early 1990s we noted increasing interest on the part of several of our customers in 
the ISO 9000 quality standards. Based on a combination of marketing and internal 
improvement objectives, we decided to pursue registration to ISO 9002. 

• Successful implementation of ISO 9000, like TQM, must start with commitment from senior 

• management. In 1995, our new president, Dave Gorman, set the following goals for Haley: 
achieve ISO 9000 and achieve world-class status. They are not one in the  saine  thing but 

• ISO 9000 is considered an essential part of our efforts to becoming world-class. Our ISO 9000 
• motto links the basic tenets of ISO 9000 to continuous improvement: "Say what you do. Do 
• what you say. Be able to prove it. Get bettèr every day." 

Because we wanted to get the maximum possible benefit from implementing ISO 9002, we 
• decided not to use outside consultants. This placed more emphasis on having our personnel do 
• the work. We started by preparing a pre-assessment report for senior management, 

comparing our existing quality system with the ISO 9002 standard. The assessment, which 
was performed by a two-person team, produced eight findings (gaps between our existing 

• quality system and ISO 9002). Once we identified what actions were needed to close the gaps, 
• we assigned owners to each of them. Standard project management methods, including 

milestones and Gantt charts, were employed to accomplish thèse tasks. 

• It took 18 months to align the Haley quality system with the standard. In October 1995, 
• Haley's quality system was registered to ISO 9002. The section below discusses how Haley 
• employees were involved in the process. 

Getting Everyone up to Speed on ISO 9000 
• 
• As a 'result of our TQM process, Haley employees already appreciated the importance of 

quality to our business. It was important that employees perceive ISO 9002 as an essential 
component of the overall quality process and not merely as an administrative requirement. 

• Our ISO 9002 communications objectives were to ensure that all employees knew: • • why Haley was pursuing ISO 9002 registration; 
• what they would be expected to do and would need to know; and 
• how it would allow them to accomplish their work more effectively. 

• We developed a 76-page manual, titled ISO 9000 and World-Class, and provided a copy to 
• every employee. At the beginning of the manual is a "Message from the President," which 

addresses the reasons for implementing ISO 9002, including market-related and internal 
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factors. In this section, the president draws a connection between 'so 9002 , improved quality, 
company profits and employee profit sharing. Our use of ISO 9002 is positioned as part of our 
strategy to become a world-class company, a necessary goal for company survival. 

Within the manual itself, there are several introductory sections, containin.g background 
information on the puipose and scope of the standard and its relevance to employees' jobs. 
Building on the president's message, both internal and marketing-related benefits are 
mentioned. A section titled "How Does ISO 9002 Affect Me at Work?" includes a table that 
shows how the ISO 9002 elements are relevant to functional areas within the company. A 
portion of the table is shown at the end of this case study. Note that the table includes three 
additional quality elements, which are specific to Haley's quality system: first article 
inspection, software quality control, and cost of quality. The bulk of the employee manual is 
organized under the ISO 9002 and Haley-specific elements. Throughout these .  sections, 
example quality procedures are discussed to illustrate how the quality elements apply to 
specific areas and jobs within Haley. 

Effective Employee Involvement Requires a Commitment to Training 

To equip employees with the training necessary to be effectively involved in all aspects of 
quality, including ISO 9002, the company has undertaken a major investment in training, 
involving 60 hours per employee per year. There is a detailed training plan. that specifies 
programs to address the needs of three categories of Haley employees: supervision, 
engineering and quality, and shop floor employees. There is some overlap in the training 
elements, which provides an opportunity for employees in different groups to take some 
training sessions together. The employee manual, described above, provides the basis for 
training sessions on ISO 9002. Other quality training topics include: quality definitions, 
prevention-based quality, quality performance standards and cost of quality. Other training 
topics are related to the specific jobs of the three groups of employees. Training is done by 
individuals from departments throughout the company, including quality, human resources, 
finance, engineering and production. For general sessions, management attends the same 
classes as shop floor personnel. The training taken by each employee is documented in a 
database. 

Documenting the Quality System 

Because many of the requirements of ISO 9002 are covered under AQAP-1, we considered 
rearranging our AQAP-1 manual to conform to ISO 9002. We decided, however, that it would 
be more effective to completely rewrite the manual. The person responsible for .documenting 
the quality system was Chris Cuthill. Employees throughout the organization helped the 
documentation team by reviewing the procedures being followed and suggesting changes. 

Our quality system is based on a three-tiered approach. The quality manual is about 60 pages 
long and is organized by ISO 9002 element. It provides basic information on procedures and 
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makes reference to more detailed procedures that are documented separately. The procedures 
documents provide general instructions and make reference to detailed work instructions. An 
example is provided in the table below. 

When revisions are made to the manual or other quality system documentation, an owner is 
assigned to each procedure being revised. 

Level Document(s) 

ISO Inspection andTesting Element: states when and where 
radiography is used; refers to documented radiography 
procedures. 

General instructions on how to do radiography; 
refers to specific work instructions for specific parts. 

Detailed instructions on radiography of specific parts. 

The Outcome: Effective Employee Involvement in ISO 9000 

Employee buy-in for ISO 9002 has been strong, with no loss in support for our overall TQM 
process. Employees continue to be actively involved in using SPC and other quality 
improvement tools and are incorporating the ISO 9002 approach into their efforts. 

One of our main methods for quality improvement involves kaizen events, an approach that 
we have adapted from one of our customers, Pratt & Whitney Canada (see p. 16). We are 
holding several kaizen events this year. Key input objectives include: cost reduction, cycle 
time reduction, more efficient use of floor space and the ISO 9002 standard. 

Each kaizen event has a process owner and a facilitator. Facilitators are company personnel 
who have been trained in the required techniques. The process owner is a person who 
normally performs the process for which improvements are being sought and is responsible 
for progress. At the end of the kaizen event, the team presents its findings to management 
who either approve the recommendations or ask for further work. 

Depending on the scope of the kaizen event, different ISO 9002 elements would be involved, 
e.g., Process Control, Control of Nonconforming Product, etc. Procedural changes resulting 
from the kaizen event are documented (Element 4.2: Quality System) and employee training 
is undertaken where needed (Element 4.18: Training). ISO 9002 does not tell us what changes 
to make to achieve continuous improvement nor how specifically to make them. Any 
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procedural changes, however, have to be consistent with the appropriate ISO 9002 element. 
ISO 9002 also provides a mechanism for ensuring that improvements are documented and 
inhplemented correctly. 

Internal audits provide an ongoing mechanism for continuous improvement. The original 
two-person audit team has been expanded to four people. It is essential that all employees 
regard internal audits as opportunities for improvement, rather than as a threat or 
bureaucratic activity. Because the objectives and importance of internal audits were explained 
to employees during training sessions, this has never been a problem. 

When evaluating the impact of our quality initiatives, it is impossible to isolate the impact of 
ISO 9002. We are convinced, however, that the standard is maldng a valuable contribution. 
Since 1991, we have achieved measurable results in several areas, including reduction of scrap 
rate from 20 to 15 percent. Our use of quality tools such as SPC has also played a major role 
in achieving this improvement. ISO 9002 has contributed to continuous improvement by 
forcing the company to be more disciplined in its approach to qualitY. Because the quality 
system is documented, improvements are less likely to be lost over time. 

The Future: Continuous Improvement and Further Milestones 

TQM and ISO 9002 are highly integrated at Haley. Our overall quality improvement process 
is driven by senior management through an annual strategic planning session. Four 
improvement priorities were identified for 1996: 
• ISO 9000; 
• Training; 
• Production control; and 
• Purchasing. 

Each of these was assigned a process owner, who is responsible for achieving the targeted 
improvements. 

Although Haley has its ISO 9002 registration, the standard remains an important part of our 
quality efforts. The president periodically meets with groups of employees to discuss the 
importance of continuous quality improvement to Haley's future. During these sessions, the 
key role of ISO 9000 is reinforced. We will continue to respond to customer' requirements 
concerning quality system standards. For example, we are working toward QS-9000 in our die 
casting operation, which supplies the automotive industry. Based on our experience so far, we 
expect that the ISO 9002 standard will continue to provide benefits and play an ongoing role 
in our continuous improvement process. 
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HOW DOES ISO 9002 AFFECT ME AT WORK? 
(Portion of table from Haley Industries Limited, ISO 9000 Employee Handbook) 

FINANCE 	PLANT 

	

SALES QUAIJTY 	 PRODUCT 	 PRODUCTION PURCHASING 

	

CONTROL 	DEVELOPMENT 	 CONTROL 	 ENGINEERING 

Management Responsibility 	 X 	 X 	X 	X 	 X 	 X 	 X 

Quality System 	 X 	 X 	X 	X 	 X 	 X 	 X 

Contract Review 	 X 	 X 	X 	X 

Purchasing 	 X 	X 	 X 

Document and Data Control 	 X 	 X 	 X 	 X 

Control of Customer-supplied X Product 

Product Identifi cation and X 	 X 	 X 
Traceability 

Process Control 	 X 	 X 	 X 	 X 

Inspection and Testing 	 X 	 X 	 X 

Control of Inspection, 
Measuring and Test 	 X 	 X 
Equipment 

Inspection and Test Status 	 X 

Control of Nonconfomfing X 	 X 	X 	 X  Product 

Corrective and Preventive X 	 X Action 

Handling, Storage, Packaging, 
Preservation and Delivery 	 X 	 X 	 X 	 X 

Control of Quality Records 	 X 	 X 

Internal Quality Audits 	 X 	 X 	X 	X 	 X 	 X 

Training 	 X 	 X 	 X 	 X 	 X 

Statistical Techniques 	 X 

First Article Inspection 	 X 	 X 	X 	X 

Software Quality Control 	 X 	 X 

Cost of quality 	 X 	 X 	X 	X 	 X 	 X 	 X 
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PLANNING IMPLEMENTATION AND PREPARING THE ORGANIZATION 
TO MAXIMIZE BENEFITS FROM ISO 9000 

by Al Noonan, Quality Assurance Engineering Supervisor, 
McDonnell Douglas Canada Ltd. 

Introduction 

McDonnell Douglas Canada Ltd. (MDCAN) is a wholly owned subsidiary of McDonnell 
Douglas Corporation (MDC) in St. Louis, Missouri. MDCAN manufactures the wings for the 
MD-11, MD-80, MD-90 and the new MD-95. With over 1.8 million square feet (167 000 m2) of 
manufacturing space, our Mississauga, Ontario-based facility is one of the largest in North 
America. It has about 60 CNC machining centres, including equipment for machining large 
wing components. Design facilities include CADD, Unigraphics II Version 10 system, 
automated program tool (APT) language and finite element analysis. MDC is divided into 
operating units called components. Douglas Aircraft Company (DAC) in Long Beach, 
California, is a major component of MDC. McDonnell Douglas Canada Ltd. is considered a 
manufacturing component (a supplier) to DAC. 

MDCAN is currently beginning the journey toward ISO 9001 registration as part of a 
corporate-wide MDC initiative, which began two and a half years ago. We have targeted the 
end of 1997 as our goal for compliance, with registration to follow in the new year. We have 
also indicated that suppliers will have to be compliant to ISO 9000 in order to be considered 
for award of future contracts. 

ISO 9000 is the latest quality initiative that MDCAN has undertaken, having implemented  a,  
continuous improvement process in the early 1980s, followed by full-scale organizational 
changes resulting from a total quality management system (TQMS) in 1988. To assist the 
TQMS effort, process teams were chartered. These teams used various quality 
tools/techniques, including DOE, QFD, SPC, flowcharting, fishbone diagrams and just-in-time 
(JIT) delivery. So far, TQMS has achieved mixed results, with some initiatives being 
successful and others being discontinued. TQMS is evolving and will continue to be the 
overall approach to quality throughout MDCAN. Within TQMS, we are implementing an 
advanced quality systemmonsisting of the following three components: 
• ISO 9001; 
• closed-loop corrective action system; and 
• interface key characteristics process. 

We expect that ISO 9001 will play an important role within the system and strengthen the 
other components. 
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C 	There is a strong commitment by senior management at both MDCAN and our parent 
• corporation to make MDCAN an ISO 9001 registered company. We anticipate that 
• implementing ISO 9001 will contribute to continual improvement of internal processes and 

increased confidence and satisfaction for our customers. I have recently been appointed to 
organize and coordinate the ISO 9001 effort at MDCAN. This article discusses our 
implementation planning process. 

• The Challenge 

We are implementing an ISO 9000 quality system in an organization that is influenced by the C 	following factors: 
• • large organization (approximately 2000 people); 
• • older facility (approximately 50 years old) with a mixture of new and old 

• methods/technology; 
• established quality system, which meets the requirements of MIL-Q-9858A — burdened 

by an excessive amount of documentation and lack of a control and monitoring system for 
• ensuring documentation and processes match; and 
• • unionized (shop and office) and salaried work force that has decreased from 

• approximately 5200 in the late 1980s to the present number of 2000, with accompanying 
morale issues. 

For the ISO 9001 implementation to be effective, there must be effective involvement 
• throughout the work force. This will have to be achieved through assigning implementation 

• responsibilities on top of full-time, day-to-day duties. Before this can happen, we will need to 
train everyone in those aspects of ISO 9001 that are applicable to their duties and position 
and ensure that they understand and can fulfil their responsibilities within the quality 

• system. Coordinating the training and involvement of our work force to maximize results 
• - while minimizing scheduling and resourcing problems will be challenging. 

How We Are Going to Do It 

• As part of a larger organization, MDCAN has the advantage of drawing on the ISO 9000 
• experience elsewhere in MDC. This is done through networking, meetings and sharing 

training and implementation material. MDC has decided that the corporation will use a • common registrar. MDC components have been requested to submit potential choices and e. 	corporate management will select the registrar, based on the input. Each MDC component 
• will be registered separately to ensure that components ahead in their efforts will not be 
• delayed in attaining registration. • Our first step has been to develop a draft implementation plan. The plan is called a plan of 
• action milestones (POAM), which is a time line used extensively within MDCAN to monitor 

• n 	 .  
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and measure the progress on projects. Monthly reports on the status of the items in the 
POAM are reported to senior management for their review. 

The implementation plan is in its very preliminary stages, starting with a management 
overview of what ISO 9001 is, selecting the steering committee and initial work on the quality 
manual. Another key step is to give the overview to the union executive to bring them on 
board as soon as possible. Without their commitment and support, the ISO 9001 project would 
be doomed from the start (based on previous experience). The final step in the preliminary 
implementation plan is an assessment of where we stand, with a report going to upper 
management for their review to determine allocation of resources. This will be followed by a 
more detailed plan, based on information gathered in the assessment. The firmed-up 
implementation plan will assign responsibilities to each manager/director. 

The major part of the implementation effort will be carried out by process teams, organized 
according to a tiered structure, with each tier dealing with different aspects of the effort. This 
structure, which has been used throughout MDC, consists of higher-level tearns called 
councils, lower-level teams called process action teams, and subteams. Our intent is to use 
this concept tailored to MDCAN's needs with a structure as follows: 

LEVEL 	 RESPONSIBILITIES 

Executive management 
Management review 
Provide resources 

Implement ISO elements 
Procedure level documents 
Internal audit 

Departmental Subteams 	 Shop floor level documents 

We will be able to draw upon our considerable experience in using teams for process 
improvement. Before the teams can tackle their assignments, however, everyone will need 
introductory ISO 9001 awareness training, followed by more advanced training for selected 
teams. Each division/department, for example, should have a team trained in ISO 9001 
documentation requirements and techniques. Additional training would include ISO 9001 
implementation and internal auditing, depending on the team's mandate. Once the teams are 
trained, they can carry out their duties (e.g. review existing documentation to determine what 
is done in their area and make changes as needed). As preparation for implementation of an 
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• internal audit program, training in internal auditing will be provided. MDCAN's former 
• airworthiriess inspection representatives have been selected for training. 

Conclusion 

111 	MDCAN is expecting several benefits from ISO 9001. The implementation effort itself, for 
• example, will provide opportunities for process improvement. Over the long term, however, 
• the greatest potential benefit of ISO 9001 is its use as a tool for keeping the continuous 

• improvement effort on track, through corrective and preventive action, internal audits, 
documented procedures and external audits. Based on a strong resolve on the part of 
management, and an overwhelming response to in-house training, we anticipate that these 

• benefits will be achieved and contribute to MDCAN's strengthened position as a major 
• Canadian aerospace supplier. 
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INTEGRATING ISO 9000 WITHIN A TOTAL QUALITY AEROSPACE COMPANY « 
by Barry Beffort, Director of Total Quality and Customer Service; 

AlliedSignal Aerospace Canada 

Introduction 

Much of the literature on ISO 9000 describes it as a useful first step to adopting a total 
quality management (TQM) system. For AlliedSignal Aerospace Canada, the chronology has 
been different. The company had adopted a TQM-based approach several years prior to its 
ISO 9000 initiative. In this article, I discuss how we integrated ISO 9000 into our TQM 
approach, including the ways that we utilized our total quality process to implement 
ISO 9001, as well as some of the challenges encountered. The experiences related in the 
article should be of interest to any company that is interested in developing synergy between 
ISO 9000 and TQM, regardless of the particular path that it has followed or current stage of 
progress. 

AlliedSignal Aerospace Canada (ASACa) is a leader in aircraft electronic environmental 
control systems, ice protection/detection systems, electro-optics, aircraft engine controls and 
accessories, power management and generation systems, and support systems. The company 
provides full customer support, and repair and overhaul services for its own products, which 
are incorporated into aerospace systems of more than 25 international original equipment 
manufacturers. ASACa's customers include: Boeing, Bombardier, McDonnell Douglas, Pratt 
& Whitney Canada, DND, Aérospatiale, Airbus Industrie, British Aerospace and several 
international airlines. The company employs more than 1500 people at three facilities across 
Canada. Annual sales are about $140 million, 80 percent of which are export sales. 

AlliedSignal's Total Quality Process 

Our total quality (TQ) process is based on continuously improving all our work processes to 
satisfy our internal and external customers. Key values include integrity, development of our 
people, teamwork, speed as a competitive advantage, innovation and high performance. While 
these principles guide our operations, our strategic plan establishes priorities and specific 
goals we set out-to achieve. Key elements of a recent *strategic plan deal with customer 
satisfaction, meeting commitments, business growth, developing our people and streamlining 
processes. Identifiable measures are defined for each of these elements. 

We were about two and a half years into the total quality/continuous improvement process 
when we started ISO 9000 implementation. By that time, we had made a significant cultural 
shift, develdped a strong sense of quality ownership, and had matured our team-building 
effectiveness and facilitation skills. Our process mapping and process improvement 
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techniques had also been honed and they were used directly to help us with the ISO 9000 
• implementation. 

Our Total Quality Maturity Path (TQMP) process provides regular (yearly) assessments of 
our progress on our journey to excellence. Along with the scheduled ISO 9000 audits, the 
TQMP assessment gives a numerical rating of how well we are doing. It also is designed to 

• identify areas for further improvement. • 
•

• imp/ementing  ISO 9001 

• We had several reasons for implementing ISO 9001: 

• • We recognized that the ISO 9001 standard would be useful to our ongoing initiatives to 

• improve quality, cost and speed, through greater process control and reduction of 
variation. a 

• Military customers were adopting ISO 9000 as a quality system standard. 

• ISO 9000 was identified as the corporate quality standard, and compliance was a 
requirement. 

To implement ISO 9001, we made extensive use of the TQ system and capabilities 
• already in place. Site leadership appointed the director of total quality and customer service 

• as the ISO 9001 management representative and assigned this person the responsibility for 
leading the initiative. Management then identified individuals to comprise the core 

• implementation team. Members of the core team included departmental managers, who were 
• assigned responsibility for specific ISO 9001 elements that were closely connected with their 
• departments. Internal auditors for the ISO 9001 system were initially designated from the 

a 	total quality group. 

• Teams were established to perform the process mapping and documentation needed for 
• ISO 9001. Core team members became team leaders of implementation teams for each of the 

• ISO 9001 elements. Team leaders recruited team members from their own departments as 
well as from other departments, depending on the nature of the ISO 9001 element. Thus, the 
initiative employed department and cross-functional implementation teams. or 

• The "ISO structure" was superimposed over the existing organizational system; it 
• did not create another layer, nor did it require an additional reporting structure. 

We developed a detailed, time-phased implementation plan, consisting of approximately 20 
steps. The initial steps included training everyone in the organization. The organization had 

a 

• 
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already gained considerable experience in team-based process improvement. Employees 
understood the use of process improvement tools and effective TQM-oriented behavior. We 
were able to utilize these capabilities in the ISO 9001 initiative. We did, however, provide 
significant additional training on ISO 9001. The extent and type of training depended  on  
employees' roles in the initiative. We did a training needs analysis, which we summarized in a 
matrix. Within the matrix, each type of training was identified and described according to 
content, source, duration, who does the training, who needs the training, prerequisites and 
schedule. 

The ISO 9000 auditors were the first group to be trained in auditing and in providing training 
to others. This training was provided by an external organization with the required expertise. 
All other training was done internally. All employees received training in ISO 9000 awareness 
and implementation planning. Implementation team members received additional training in 
ISO 9000 and specific tasks, such as procedures vvriting, process mapping and documentation 
rollout. Managers received most of the above training, as well as an executive management 
overview session. The ISO auditors did most of the training; however, TQ fa.  cilitators provided 
training in process mapping. 

Training materials included: a pocket-sized ISO 9000 passport, covering the reason.s for 
adopting the system, basic description of ISO elements and employee responsibilities; an 
ISO 9000 self-evaluation. quiz (designed to create awaren.ess rather than to evaluate 
employees); and handout notes during training sessions. To emphasize the link between the 
ISO procedures and the customer, we developed "ISO 9000: The Customer's Perspective," 
which consists of questions that a customer might ask and which point to the need for each of 
the quality elements (this document appears at the end of this article). 

Communicating the reasons for adopting ISO 9001 and expected benefits was a challenging 
part of the implementation effort. Although ISO 9000 is consistent with TQM, its links to 
TQM concepts such as teamwork and customer satisfaction were not immediately visible. 
Managers and employees had questions as to whether ISO was consistent with TQM. Because 
the organization had already made considerable progress in TQM, it was sometimes difficult 
to explain why ISO 9001, which deals with basic quality issues, was needed. 

An important challenge faced by everyone involved in the implementation was that the 
ISO 9001 work had to be carried out on top of other responsibilities. As with our overall 
quality improvement process, the total quality group played a leadership/coaching role to 
support the involvement of the rest of the organization in the initiative. Using a similar 
approach for ISO 9001 as with our other quality projects allowed the organization to benefit 
from previous experience. On the other hand, the ISO 9001 priority necessitated rescheduling 
other quality improvement work. 

We achieved ISO 9001 registration in 1994. One of the benefits of registration expected by 
departmental managers was a reduction in customer audits. So far this has not happened to a 
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great extent. On the other hand, the internal benefits of the system are becoming more 
apparent to managers and employees as they gain experience with the system. For example, 
our documentation and employees' abilities for analyzing and documenting procedures has 
improved. 

ISO 9001's Ongoing Role in Continuous Improvement 

Process improvement projects can come from many sources, including internal and external 
audits. We use the same project team chartering process and teamwork approach, regardless 
of whether the problem/opportunity results from operation of the ISO 9001 system, customer 
requests, or internally generated ideas. ISO 9001's Corrective and Preventive Action element 
is one source of continuous improvement. We have developed a root cause analysis corrective 
action process, for use by teams. It is similar to our TQ process improvement method but has 
been designed to respond to events such as product failures, out-of-control processes, audit 
findings or customer complaints. Employees receive training on the method during 
workshops. 

By using its TQM principles, methods and behaviors already in place, AlliedSignal Aerospace 
Canada implemented ISO 9001 as an integral part, not as an add-on, to the TQ system. We 
anticipate that this integrated approach will result in the effective use of ISO 9001 as a set of 
tools, within the overall TQ system. 

ISO 9000 - Lessons Learned 

We Did Well 

Set a target date and stuck to it! 
.-> Cost, momentum 

Selection of auditors 
Remained Canadian 
Flexible to our needs 

Appointed coordinator for personnel 
development 

Modified team structure through process 

Trained core team 

Celebrated and recognized contributors 
Involved as many people as possible 
(100+) 
Formed a promotion team 

We Won't Do Agam  

Stick with our existing manual structure 
-• Functional departments 

Ignore other requirements 
Transport Canada 

Ignore weak functional commitments and 
not demand corrective action 

5 - 143 



Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

ISO 9000 — THE CUSTOMER'S PERSPECTIVE 
(Adapted from AlliedSignal Aerospace Canada) 

4.1 Management Responsibility: Who is responsible for ensuring that the product or 
service will  meet my requirements? Who ensures that your system is effectively 
managed? 

4.2 	Quality System: Is the quality system in place to ensure that everything delivered is 
as you said it would be? How do you make sure? 

4.3 Contract Review: How do you ensure that you have the capabilities to supply what 
your marketing people sold me, and deliver it on time? 

4.4 Design Control: Show me how you designed the product and how you ensure that it 
does what you say it does. Is there agreement between the designers and sales people 
that it works as they claim? If you make changes to the design, how do you determine 
that the product still meets my requirements? 

4.5 Document Control: How do you inform manufacturing of the requirements and 
materials needed to build the product? If the requirements are changed, how is that 
communicated? If I need parts, vvill you be able to tell me what to order? If changes are 
made to the material requirements, how does manufacturing know how to do testing 
and where to acquire n.ew parts? Will your service department know which parts are 
needed for a repair job? 

4.6 Purchasing: Can you show me how you make sure that your purchasing group is 
buying what your designers and engineers are specifying? How do you know that you 
are buying from a supplier who makes good product and delivers it on time? 

4.7 Purchasing of Customer-supplied Product: Show us how you protect, store and 
maintain your materials. If there is a problem with the materials, show us how you fix 
it. 

4.8 Product Identification and Traceability: How do you ensure that materials used 
in building my product are what you ordered and do not get mixed up with others? 

4.9 Process Control: Show me that you have procedures in place to build my product 
properly. I'm especially concerned with procedures on critical items. Do you know 
when you are making junk? Do you have any points in the process wher'e you cannot 
tell by inspection that the product is acceptable? How do you handle this? 

4.10 Inspection and Testing: How do you prevent defective materials and parts from 
being used in my product? Have you verified that my product will work as promised? 
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• 
4.11 Inspection, Measuring and Test Equipment: How do you ensure that you are 

• testing my product with accurate equipment? 

4.12 Inspection and Status: When you test materials and parts used in my product, how 
do you identify items that failed from those that passed the tests? Show me how it is 

• indicated on my product that it was tested. 

4.13 Control of Nonconforming Product: When you discover that part of my product 
doesn't work or fit properly, is there an established procedure for fixing it? Does a 	everyone know what to do when it is fixed? I would like it to be retested. How do you 

• know it didn't get mixed in with other products after you discovered it was defective? 

a 
4.14 Corrective and Preventive Action: If you find a problem with my product, what is 

• the procedure for ensuring that it doesn't happen again? Are you writing new 
• procedures and training people to ensure it doesn't happen again? Do you regularly 

• check for potential problems that could affect my product? If you find such problems, 
do you fix them? 

• 4.15 Handling, Storage, Packaging and Delivery: How are you ensuring that my 

• product is properly packaged and stored to prevent damage? Can you make sure that it 
won't be damaged during delivery? 

• 4.16 Quality Records: Do you have procedures to document the quality of my product, 
• and the raw materials and parts used to build it? Could I find these records quickly if 

that was our agreement? 

• 4.17 Internal Quality Audits: How do you ensure that your operation runs as you claim? 
• Who reviews the operation? Are they properly trained? Have problems been found and 

corrected? Do you have records that show this? 

• 4.18 Training: Prove to me that the people who built and tested my product are 
• adequately trained. Do they 'mow my requirements? Has their supervisor agreed that 

they are properly trained? a 
a 	4.19 Servicing: Can you show me that you can provide the servicing to my product that 
• you say you can. How do you ensure that your servicing will meet the agreed upon 

a 	requirements? Are your people who provide service properly trained? 

• 4.20: Statistical Techniques: If you are using statistical techniques to validate my 
• product, can'you show me how they work? Does everyone who uses these techniques 

know what to do when a process is out of control or moving outside the control limits? 

a 
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a 
a 	Chapter 6 
• AEROSPACE AND MILITARY QUALITY STANDARDS: 
• CURRENT SITUATION AND FUTURE TRENDS 

McDonnell Douglas Canada is firmly committed to the implementation of an ISO 9000 quality 
• system. This will provide us with a solid foundation upon which to build our Advanced 
• Quality System concepts. These concepts will in turn allow us to reach our goals of customer 

• confidence and world-class products and services. 

se 	- Joe Kane, Director of Quality Assurance, McDonnell Douglas Canada Ltd. 

• OVERVIEW OF AEROSPACE AND MILITARY QUALITY STANDARDS 

• When the ISO 9000 series of standards were released in 1987, it was not clear how the 
• aerospace and defence industries would be affected. The new standards were designed to 

• apply to all industry sectors, many of which did not employ quality system standards or even 
formal quality systems. By contrast, the aerospace and defence industries had operated under 

• various quality system standards, such as the AQAP, MIL-specs and commercial (OEM- 
• specific) standards for many years. Beginning around 1992-93, there has been growing 
• interest in the ISO 9000 standards by aerospace/defence customer and supplier organizations, 

leading to their acceptance as a basic component of aerospace and military quality systems. As 
• this handbook went to press, the industry was in a transition phase, in which existing 
• standards were being replaced by ISO 9001/2 or modified to incorporate them. 

This chapter discusses the current quality standards, both civilian and military, and how 
• several trends are converging around a common theme of ISO 9000 plus additional 
• requirements, specific to a particular customer or situation. These additional requirements 
• come mainly from the existing aerospace and military standards, airworthiness requirements 

and industry practices. 

• MILITARY QUALITY SYSTEM STANDARDS 

Military standards used iii the aerospace and defence industry overlap 
significantly with the ISO 9000 standards. Years before the introduction of ISO 9000 in 
1987, the aerospace and defence industries had been working to military quality standards 
that cover a significant portion of the scope of ISO 9000. These military standards were 
considered along with other national and sector-specific quality standards, during the 
development of ISO 9000. 

6 - 147 



a 

a il  
a 

a 
a 
a 

a 
a 

a 
a 
a 
a 

a 
a 

a 
O 

O 
a , 

a 

O 
O 
a 
O 

Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

The military standards include the NATO Allied Quality Assurance Publications (AQAP-1, -4, 
and -9) and the U.S. military's MIL-Q-9858A, MIL-I-45208 and MIL-STD-1520C. AQAP-1 
prescribes a proactive quality control system for use in a design, development and production 
facility, similar to ISO 9001. AQAP-4 specifies an inspection and test-oriented system that 
includes in-process inspection. Its scope falls between ISO 9002 and ISO 9003. AQAP-9 is for 
a final inspection and test system, similar to ISO 9003. MIL-Q-9858A is the U.S. equivalent of 
AQAP-1. MIL-I-45208 is a quality system standard for manufacturing operations. MIL-STD-
1520C is a separate standard for corrective action. 

There are differences between the ISO 9000 and military standards. The tables on pages 149 
and 150 summarize the relationship between ISO 9001/2 and existing military standards. 
Although there is considerable overlap, ISO 9000 goes beyond the military standards in 
several key areas, including management responsibility, corrective and preventive action, 
servicing and training. 

The ISO 9000 standards provide a broader approach to quality management. For example, 
MIL-Q-9598A dealt with the quality of engineering and manufacturing processes, focussing 
on the quality system and organization — what J. M. Juran has described as "little q" 
compared to ISO 9000's broader "big Q" approach, which deals with the quality of all 
processes within the organization. According to GE Aircraft Engines, the ISO 9000 approach 
is consistent with TQM and continuous improvement. The ISO 9000 standards describe a 
quality system that is process-oriented rather than product-oriented. Such a system places 
emphasis on preventive and corrective action and can be used to link quality to business 
objectives. Moving from a "little q" to a "big Q" approach requires more than new procedures 
— it requires a cultural change that must be led by management. 

There is growing acceptance of ISO 9000 as the universal quality management 
system within the aerospace and defence sectors. Military organizations such as DND 
and DoD are now basing their procurement on ISO 9000. Requirements beyond ISO 9000 will 
be specified within individual contracts. NASA requires that its contractors implement a 
quality system that complies with ISO 9000 and its Johnson Space Centre requires most of its 
contractors to be ISO 9001 registered. 

In the U.S., Secretary of Defense William Perry's June 29, 1994, policy memorandum called 
for elimination of military management and manufacturing specifications and their 
replacement with civilian standards, use of performance-related standards, elimination of 
automatic tiering requirements and reduction of direct government overview. The objective 
was to facilitate use of single, facility-wide quality systems, based on ISO 9000. The U.S. DoD 
decided to phase out MIL-Q-9858A and MIL-I-45208 in favour of ISO 9000, effective October 
1995. While this has generally been well received by industry, one complication has been how 
to deal with existing con4-acts, some of which are multi-year programs. This can lead to tveo 
quality systems in the same plant. 
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COMPARISON OF NATO AQAP-1 AND ISO 9001 REQUIREMENTS 
Prepared by Marcus Khoo, Quality Manager, Hughes Aircraft  of Canada Limited 

ISO 9001 	NATO's AQAP-1 Element 	 Remarks Element 	 Paragraph 

Management Responsibility 	 4.1 	 202 	 loosely required by AQAP-1 

Quality System 	 4.2 	 201/203/204 	loosely required by AQAP-1 

Contract Review 	 4.3 	 not required 

Design Control 	 4.4 	 207 	 loosely required by AQAP-1 

Document Control 	 4.5 	 205a,b,c/208 	almost equivalent 

Purchasing 	 4.6 	 210a,b 	 almost equivalent 

Customer-supplied Product 	 4.7 	 212 	 almost equivalent 

Product Identification and 	 4.8 	 not required 
Traceability 

Process Control 	 4.9 	 211 	 loosely required by AQAP-1 

Inspection and Testing 	 4.10 	 210c/213 	 almost equivalent 

Inspection, Measuring and Test 	 4.11 	 209 	 almost equivalent but AQAP-1 
Equipment 	 references AQAP-6 

Inspection and Test Status 	 4.12 	 216 	 almost equivalent 

Nonconforming Products 	 4.13 	 215 	 almost equivalent 

Corrective and Preventative Action 	4.14 	 206 	 AQAP-4 lacks preventive action 

Handling, Storage, Packaging, 	 4.15 	 217 	 almost equivalent 
Preservation and Delivery 

Quality Records 	 4.16 	 205d 	 almost equivalent 

Internal Quality Audits 	 4.17 	 203 	 almost equivalent 

Training 	 4.18 	 not required 

Servicing 	 4.19 	 not required 

Statistical Techniques 	 4.20 	 not required 	although sampling may be required 
in AQAP-1 

Sampling 	 not required 	 214 	 statistical techniques in ISO 9001 
(4.19) may include sampling 

Accommodation and Assistance 	not required 	 218 
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COMPARISON OF NATO AQAP-4 AND ISO 9002 REQUIREMENTS 
Prepared by Marcus Khoo, Quality Manager, Hughes Aircraft of Canada Limited 

El 	 ISO 9002 	NATO's AQAP-4 ement 	 Remarks Element 	Paragraph 

Management Responsibility 	 4.1 	 not required 

Quality System 	 4.2 	no specific section 	loosely required by AQAP-4 

Contract Review 	 4.3 	 not required 

Document Control 	 4.5 	 203 a,c 	ISO 9002 more explicit 

Purchasing 	 4.6 	 205 a,b 	loosely required by AQAP-4 

Customer-supplied Product 	 4.7 	 not required 

Product Identification and 	 4.8 	 not required 
Traceability 

Process Control 	 4.9 	 not required 	only workmanship is required 

Inspection and Testing 	 4.10 	 205/206/211 	almost equivalent 

Inspection, Measuring and Test 	 4.11 	 204 	 almost equivalent but AQAP-4 
Equipment 	 references AQAP-6 

Inspection and Test Status 	 4.12 	 not required 

Nonconforming Products 	 4.13 	 210 	 almost equivalent 

Corrective and Preventative Action 	4.14 	 213 	 AQAP-4 lacks preventive action 

Handling, Storage, Packaging, 	 4.15 	 208/212 	almost equivalent 
Preservation and Delivery 

Quality Records 	 4.16 	 203b 	 almost equivalent 

Internal Quality Audits 	 4.17 	 not required 

Training 	 4.18 	 not required 

Servicing 	 4.19 	 not required 

Statistical Techniques 	 4.20 	 not required 	although sampling may be required 
in AQAP-4 

Review and Evaluation 	 not required 	 202 

Workmanship 	 not req. 	 207 	 addressed under process Control (4.9) 

Sampling 	 not required 	 209 	 statistical techniques in ISO 9001 
(4.19) may include sampling 

Alternative Inspections Procedures 	not required 	 214 
and Equipment 

Accommodation and Assistance 	not required 	 215 
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DND began specifying ISO 9000 quality system requirements in May 1993. As in the U.S., the 
prime motivation has been the desire of Canadian industry to have one set of quality 
standards for both civilian and military customers. The revised AQAP-110, -120 and -130 use 
ISO 9001, 9002 and 9003, respectively, as their core requirements and include additional 
requirements relating to NATO military procurement. AQAP-110, for example, requires the 
use of an appropriate configuration management system, including any subcontractors. 
AQAP-120 requires that the contractor must provide accommodation and assistance to the 
DND quality assurance representative (QAR), and prescribes QAR right of access to supplier 
and subcontractor facilities. 

• As of January 1, 1996, DND expects all suppliers to have quality systems that are fully in 
• accordance with contractual requirements. While DND requires that the supplier's quality 

• system be compliant with the appropriate ISO 9000 standard, registration by a third-party 
registrar, although desirable, is not obligatory. One of the department's strategic goals for 
procurement is to minimize procurement risk and cost, and ISO 9000 is considered a principal 

• way to accomplish this. 

To encourage and assist the progress of non-registered Canadian companies toward 
compliance with the ISO 9000 standards, DND QA staff may perform a quality system 

• evaluation (QSE). Under this program, DND suppliers are evaluated against a particular 
ISO 9000 standard and are informed of areas where improvement would be of mutual benefit. 

European military authorities are also moving toward use of ISO 9000. In the U.K., most of 
the aircraft companies that have achieved ISO 9000 registration have done so in response to 
military (Ministry of Defence) rather than civilian customer pressures. Contracts for military 

• products from NATO countries often specify quality assurance requirements using 

• AQAP-110, -120 or -130, which are ISO 9000 quality assurance models, supplemented by a 
limited number of definitions, interpretations and requirements. The European aeroSpace 
supplier evaluation (EASE) program began in the 1970s. It publishes a register of over 1300 

• companies registered to ISO 9000 or AQAP, based on audits conducted by registrars approved 
• by national airworthiness authorities. 

AEROSPACE MANUFACTURER QUALITY SYSTEM STANDARDS 

• This section discusses the relationship of ISO 9000 to other important aerospace industry 
• quality standards. These relationships are dynamic, since both ISO 9000 and these other 

requirements are in a state of evolution. 

Prior to ISO 9000, the major aerospace OEMs had developed their own quality system 
• standards, for both internal use and application to suppliers. The standards cover basic 

quality system features, as well as more advanced concepts. Boeing's D1-9000 quality system, 

a 
a 

a 
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for example, has been flowed down to many of its aerospace suppliers. It covers both basic and 
advanced quality system requirements. Section 1 of D1-9000, deals with basic quality system 
requirements, includin.g respon.sibilities, procedures, training, procurement, inspection, • 
testing, shipping and quality audits. It focusses on the quality of production, assuming a 
previously validated engineering design. Sections 2 and 3 deal with advanced quality system 
requirements and tools, such as identification of key characteristics, analysis and control of 
variation, and continuous improvement. Although the Dl-9000 standard was developed for 
Boeing suppliers, it can be applied to any product. Both Section 1 of Dl-9000 and the 
ISO 9000 series have their roots in MIL-Q-9858A quality system requirements, released by 
the U.S. DoD in 1963. 

The major aircraft OEM's have indicated support for ISO 9000. The new release of 
D1-9000 (Rev. A) in.corporates the ISO 9002 requirements, verbatim, within Section 1 (Basic 
'Quality System Requirements). The Boein.g basic quality system includes about 50 
requirements, in addition to those of ISO 9002. These are shown in bold typeface within 
D1-9000 (Rev. A). Because Section 1 of the previous version of D1-9000 encompassed the 
content of ISO 9002, although in a different format, companies in compliance with the earlier 
version should have little difficulty updating to the new version. ISO 9002 registration alone 
does not provide entry into the Boeing supplier program, but it does make it easier to pass the 
Boeing Basic Quality System Review. 

McDonnell Douglas Corporation (MDC) is using ISO 9000 for specific projects, e.g., their C-17 
program, and is in the process of converting all programs to this standard. This includes the 
use of ISO 9000-3 for software. MDC recognizes third-party certification of suppliers' quality 
systems on government programs and is working with the U.S. Federal Aviation 
Administration (FAA) to allow this practice on commercial programs. MDC's Advanced 
Quality System Model, shown. in Figure 14, includes advanced methods for product design, 
development and production that are built on an ISO 9000 foundation. 

In Europe, aerospace companies such as British Aerospace and Aérospatiale utilize the 
ISO 9001/2 standards in combination with additional requirements. The standards have been 
cited as playing a role in enabling the creation of Airbus Industrie, a successful multi-nation 
public/private sector partnership. 
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SAE ARD 9000: AEROSPACE INDUSTRY BASIC QUALITY SYSTEM STANDARD 

In the U.S., several major aerospace manufacturers, in consultation with the FAA and DoD, 
have developed a standard for basic quality systems used by aerospace suppliers. The 
document is based on ISO 9000 plus a minimum  of additions. The article by McDonnell 
Douglas Corporation's Gene Barker, beginning on the next page, describes the scope, 
objectives and current status of the standard. The Aerospace Industries Association of 
Canada's Quality Standards Committee has provided input to this initiative to represent 
Canadian companies and facilities. 

In Europe, Germany, France and Britain have developed aerospace quality standards that are 
compatible vvith but go beyond ISO 9001/2. In the U.K., for example, the Society of British 
Aerospace Companies, together with the Institute of Quality Assurance and other national 
certification bodies, provide the Aerospace Sector Certification Scheme. Like the North 
American aerospace quality standard, it incorporates ISO 9000 plus enhancements. The scope 
of audits performed using the standard can be to ISO 9001, 9002, 9003, 9004 or 9000-3. The 
certification scheme makes use of the exiSting Certification bodies, with additional provisions 
for qualification of aerospace auditors and their inclusion within audit teams. 
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• DEVELOPMENT OF THE AEROSPACE INDUSTRY 
• BASIC QUALITY SYSTEM STANDARD 
• by Eugene Barker, Advanced Quality Systems Project Manager, 

McDonnell Douglas Corporation 

Background •  
• The Aerospace Basic Supplier Quality Standard was released in October 1996. It will initially 

be known as SAE ARD 9000 and permanently as AS 9000. Using ISO 9000 as a core, the 
standard defines a set of additional quality system requirements that are widely used within 
the industry by customers and airworthiness authorities. In this article, I provide an overview 

• of the standard, how it was developed and how it will be used. 

• During 1995, several large aerospace manufacturers began to develop methodology and 
standards for their flowdown of commercial quality system requirements to suppliers. This 
activity was prompted by the cancellation of traditional U.S. Department of Defense (DoD) 

• quality specifications and the desire of government customers to allow prime contractors the 

• .• 	flexibility to define their own quality system, with ISO 9001/2 as a core set of requirements. 
As each prime began to communicate with its major suppliers about its flowdown 
expectations, it became clear that a wide variety of requirements could be unleashed upon the 

• supplier community. These multiple requirements would not only increase the supplier's 
• costs, but also the entire industry's costs in determining supplier compliance. 

a 	The Aerospace Supplier Quality Standard Initiative 

• An initial meeting was held in the summer of 1995 in Dallas, Texas, to develop a common 
• voluntary industry approach. Myself and.Dick Ruff, GE Aircraft  Engines, were selected to co- 

• chair this activity. Subsequent meetings have been held with senior quality or purchasing 
executives of the following companies: 

• Boeing 	 GE Aircraft Engines 	McDonnell Douglas 
• Pratt & Whitney 	Northrop Grumman 	Lockheed Martin 

• Sikorsky 	 AlliedSignal 	 Sunstrand 
Rockwell Collins 

•
a 

The initiative was sponsored by the Aviation/Space and Defense Division of the American 
• Society for Quality Control and has received input from the U.S. Aerospace Industries 

• Association. The Aerospace Industries Association of Canada (MAC) has provided input to 

fib 	this initiative on behalf of Canadian companies and facilities. 

a 
le • 
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The mission of the group was to "develop and implement a common quality system standard 
for flowdown to the aerospace supplier base." This included the following goals: 
• minimize/eliminate unique non-value-added differences in the quality system 

requirements imposed on the aerospace community; 
• agree to basic quality system requirements; and 
• achieve effective and lower cost of oversight. 

What Is in the Aerospace Quality Standard? 

The standard defines a basic quality system for the aerospace industry. It uses ISO 9001/2 as 
its base and adds a limited number of industry-specific considerations, including recognition 
of FAA-specific requirements. Boeing's D1-9000 (Revision A) document was used as a starting 
point, since it contained the largest number of requirements additional to ISO 9000. We also 
considered the specific requirements of the other participants, to develop a set of additional 
requirements acceptable to all. Every effort to minimize the additions to ISO 9000 have been 
made. In considering additional requirements for inclusion in the aerospace industry 
standard, we considered the following questions: 
• Is it good business practice? 
• Does the FAA require it? 
• Is it required by all manufacturers? 

The 27 additional requirements (beyond ISO 9000) reflect standard expectations within the 
aerospace industry and are good business practices. The table at the end of this article lists 
the topics covered by the additional requirements. 

The approach allows companies to add specific requirements unique to their business and 
relations with suppliers. The standard is desig-ned for Use at every level of the supplier 
flowdown process when a sub-tier supplier is expected to use a quality system. Like ISO 9000, 
the aerospace standard avoids being highly prescriptive, i.e., specifying how thing should be 
done. 

The Key to Success: Effective Industry—Government Collaboration 

Throughout the development process, the industry writing team worked with DoD, NASA and 
the FAA to ensure that their needs would be addressed and all issues resolved, prior to 
releasing the aerospace standard. The FAA identified the need for additional requirements 
and these are included within the standard for use when FAA-certified product is being 
produced. They have agreed that the standard is "FAA recognized" and addresses the 
requirements of CFR Part 21. The concept has strong endorsement from DoD and NASA. 
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The writing team has also been worldng with the ARAC (Aviation Rulemaking Advisory 
Committee) working group, which is rewriting FAR Part 21. The ARAC working group 
accepted revisions to that draft document submitted by the writing team, and the FAR 
requirements for a quality system are now a subset of the ISO 9000 and industry standard 
documents. Accordin.g to Michael Dreikorn (consultant workin.g with the FAA), "The FAA 
considers this document a significant milestone in aviation quality." (Cited by Melissa Larson, 
in "Flying in Formation --- New Document Defines Aerospace Supplier Quality," Quality 
Magazine, Aug-ust 1996). 

We also wanted to minimize compatibility problems with European aerospace standards. At 
our request, British Aerospace reviewed the draft standard and compared it with the 
aerospace industry standards in the U.K., France and Germany. Their conclusion was the 
North American standard will have no major conflicts or gaps, compared with the three 
European standards. Since the European standards also use ISO 9000 as a base, companies in 
compliance with one standard should be able to comply with the others, without excessive 
additional work. The Europeans, working through the AECMA Quality Assurance 
Committee, are consolidating their standards. The United States will now join that activity in 
an attempt to develop a single international aerospace quality standard. 

Publication and Use of the Standard 

After 18 months of development work, the Aerospace Basic Quality System Standard has been 
published by the Society of Automotive Engineers as SAE ARD 9000. The SAE has obtained 
permission from the International Organization for Standardization to include ISO 9000 
within SAE ARD 9000. The standard can be obtained from: SAE, 400 Commonwealth Drive, 
Warrendale, PA 15096-0001 (Tel. (412) 776-4841; Fax. (412) 776-1615). 

Although  the  standard has not been mandated by customers or regulatory agencies, its 
developers and sponsors hope that it will be adopted in commercial and military aircraft 
markets throughout North America. Publication by SAE will enhance the profile of the 
standard internationally. SAE has members around the world and is the largest non-
government producer of aerospace standards. The U.S. Aerospace Industries Association is in 
agreement with the standard's content; however, it has not officially sanctioned the standard, 
as there are still some outstanding issues 'concerning its format. 

There are currently no plans to create a separate registration infrastructure for the standard. 
Customers can use the standard for auditing their suppliers. Alternatively, compliance with 
the standard can be determined through third-party audits by ISO 9000 accredited auditors. 
They can register the company to ISO 9001/2 and provide a management letter saying that 
the additional requirements are met. Alternatively, they may specify the SAE ARD 9000 
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standard on the registration certificate. In either case, the standard should be included within 
the scope of the audit. 

Are ISO 9000 registrars equipped to audit against the SAE ARD 9000 standard? The writing 
team asked five registrars to examine this issue. After reviewing the standard, the registrars 
indicated that, in their opinion, it will not take additional training for auditors. This assumes 
that the lead auditor is knowledgeable about the aerospace company's type of industry, as 
required by ISO 9000. During an ISO 9000 registration audit, the auditors determine if a 
company's quality system can ensure that it meets the requirements of its customers and 
regulators. Since the SAE ARD 9000 requirements are widely used in the aerospace industry, 
the auditors would need to understand them in order to determine compliance with ISO 9000. y  

AEROSPACE BASIC QUALITY SYSTEM STANDARD 
SlUMMAR,Y OF TOPICS BEYOND ISO 9001/2 

1.1 	Management Responsibility 
- procedures and training requirements for QA processes 

1.2 	Quality System 
- procedures for assuring compliance to customer and/or regulatory requirements 
- quality planning for: 

- design, manufacture and use of tooling to allow variable measurements, e.g., 
for key characteristics 

- identification and selection of qualified subcontractors and flowdown of 
requirements 

- process controls and control plans for key characteristics, including flowdown 
to subcontractors 

1.3 	Contract Review (no additional requirements) 

1.4 	Design Control (relevant only to suppliers with design responsibility) 
- customer approval of design changes 

1.5 Document and Data Control 
- process for effective document changes 

1.6 	Purchasing (including product obtained from customer-designated sources) 
- control over subcontractors, including system for disapproval, if necessaiy 
- use of customer-approved special processes 
- verification methods for purchased product 
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O  
- delegation of supplier verification to subcontractors • - right of entry to subcontractors' premises 

• - requirements flowdown to subcontractors 

a 
1.7 	Control of Customer-supplied Product (no additional requirements) 

• 1.8 	Product Identification and Traceability (no additional requirements) 
a 1.9 	Process Control 

- monitoring and control of key characteristics, where required by customer 
• - accountability of product and evidence that operations completed as 
• planned/authorized • - system for managing supplier's resources 

• - qualification of special process operations 
- controls and verification of production and inspection tooling 

• 1.10 Inspection and Testing • - control of subcontractor inspection activities 

a 	- certification test reports for product acceptance 
- inspection of first production article • 

• 1.11 Control of Inspection, Measuring and Test Equipment • - definitions of device types 

• - recall of inspection equipment, as appropriate 

• 1.12 Inspection and Test Status 
• - controls over acceptance authority media (e.g., stamps, electronic passwords) 

a 1.13 Control of Nonconforming Product (includes customer-returned nonconforming 
product) 

• - parties requiring notification 
• - authorization needed for use-as-is and repair dispositions 

• - identification of regraded material 
- marking of scrap material • - timely reporting of nonconformances that may affect product already delivered 

• 1.14 Corrective and Preventive Action (no additional requirements) 

• 1.15 Handling, Storage, Packaging, Preservation and Delivery • - provisions for detection of foreign objects, when appropriate 

a 
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1.16 Control of Quality Records 
- availability of records to customer, end purchaser and regulatory agencies 

1.17 Internal Quality Audits (no additional requirements) 

1.18 Training (no additional requirements) 

1.19 Servicing (no additional requirements) 

1.20 Statistical Techniques 
- zero acceptance number single sarnpling plans (N. L. Squeglia or acceptable 

alternative) 

QS-9000: A RELEVANT INDUSTRY SECTOR QUALITY SYSTEM STANDARD 

We are providing an overview of the automotive industry QS-9000 standard because its 
development is several years ahead of the new aerospace standard and there are similarities 
between the two industries, e.g., complex systems, large OEMs with relatively advanced 
quality systems. Several aerospace companies are also involved in the automotive sector. 
QS-9000 was introduced by the Big-Three U.S. automakers in September 1994. Major truck 
manufacturers such as Mack, Paccar and Freightliner have adopted QS-9000, and 
downstream suppliers such as the steel industry and others may adopt it in the future. 

The QS-9000 standard consists of three parts: 
• ISO 9000; 
• sector-specific requirements; and 
• customer-specific requirements. 

Its stated goals include development of fundamental quality systems that provide for 
continuous improvement, emphasizing defect preventio n  and the reduction of variation and 
waste in the supply chain. Like Boeing's D1-9000, it requires identification of important 
produbt and process characteristics, and development of specific plans for measuring and 
controlling them. There is also an explicit requirement for product quality and business 
improvement planning. Also required are the use of SPC techniques and mistake-proofing 
technology. Section 1 of QS-9000, using ISO 9000 as a foundation, accounts for about two-
thirds of its total content. In some cases, additional requirements have been added under the 
ISO quality elements, e.g., the Quality System element calls for use of advanced product 
quality planning, specified by use of specific manuals, in addition to basic ISO 9000 
requirements. In all, there are about 100 additions to ISO 9001. 
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The Big-Three U.S. automakers have made an agreement with ISO, whereby the ISO 9000 
criteria are included verbatim in QS-9000. The ISO 9000 accreditation bodies of several 
countries, including the U.S., the U.K. and the Netherlands, have authorized their registrars 
to conduct QS-9000 registration audits. Companies that are registered to QS-9000 by these 
registrars vvill also automatically be registered to ISO 9000. 

• The QS-9000 approach is analogous to that which has been taken in the development of the 
• aerospace quality standard, ISO 9001/2 forms the base and sector-specific enhancements are 

added. It differs from the aerospace approach in two principal ways. First, it covers a broader 
range of quality and OEM-specific requirements, and is more prescriptive. Secondly, it has its 

• own registration system, including registration specifically to QS-9000, registrar accreditation 
• and auditor training. 

According to a recent report (Stuart F. Brown, "Quality or Else," Fortune, September 30, 
1996), fewer than 300 of the 10 000 U.S. first tier auto parts manufacturers have achieved 

• QS-9000 registration. The report indicated that approximately 40 percent of Chrysler's 
• suppliers were going through the process at that time. Some companies have found the 

standard to be too prescriptive; however, others consider its continuous improvement 
requirements, which are stronger than those in ISO 9000, to be worthwhile. • 

• AIRWORTHINESS STANDARDS 
a 

The ISO 9000 quality system standards overlap with Canadian and other national • airworthiness regulations and should be applied in a manner that ensures compliance with 

• that: 
• only approved aeronautical products are incorporated into aircraft or delivered to 

customers; • • approved products are manufactured in an approved manufacturing facility and repaired 
• in an approved repair facility, using adequate manufacturing and quality assurance 
• procedures; 

• only products with approved designs are manufactured; and 
• design approvals are made only when adequate procedures are followed. 

• In other words, the airworthiness regulations affect all aspects of the product life cycle to 
• ensure product safety. 

Canada's airworthiness regulations, which are Part V of the Canadian Aviation Regulations, 
• derive their authority from the Aeronautics Act. The Minister of Transport is responsible for 
• implementing the regulations. The Part V regulations fall under the categories shown in the 

• them. These regulations deal with the design, manufacture, distribution, maintenance, repair 
• and ultimate disposal of aerospace products. Their goal is to ensure flight safety by ensuring 
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Canadian Aviation Regulations (CARs) 
Part V - Airworthiness 

Sub-Parts 
507: 	Flight Authority 
509: 	Export Airworthiness Certificates 
511: 	Type Certificates 
513: 	Design Approval: Modification and Repair 
516 to 549: 	Airworthiness Standards 
551: 	Aircraft Equipment Requirements 
559: 	Miscellaneous Standards 
561: 	Manufacture 
563: 	Distribution 
571: 	Maintenance 
573: 	Approved Maintenance Organizations 
591: 	Service Difficulty Reporting 
593: 	Airworthiness Directives 
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table on the next page. Sub-parts of the regulations are supported by Transport Canada's 
Airworthiness Manual. 

In the U.S., the Federal Aviation Act is the legislation governing airworthiness regulations. 
The FAA administrator is responsible for implementing the regulations. U.S. airworthiness 
requirements are found in parts 21 and 145 of the FAA's Federal Aircraft Regulations. 
Part 21 covers design and manufacturing and Part 145 covers repair stations. 

Airworthiness regulations in Canada, the U.S. and other industrialized countries are, to a 
great extent, mutually compatible. There are bilateral agreements that recognize the role of 
one country's regulations in ensuring the safety of products exported to a second country. The 
airworthiness regulations are the only legally mandated requirements, transcending the 
customer-supplier relationship. Other requirements, including ISO 9000 and customer-
specific quality system requirements, can be required under individual contracts. 

The Transport Canada and FAA regulations deal with many issues outside the scope of ISO 
9001/2 but also contain basic quality system requirements that overlap with the ISO 
standards. Both Transport Canada and the FAA require documentation on approval holders' 
quality systems and conduct periodic audits of their quality systems. Although the basic 
quality system requirements in the airworthiness regulations are not based verbatim on 
ISO 9000, the airworthiness authorities in both countries encourage companies to adopt the 
standard. Acceptance of registration to ISO 9001/2 as evidence of compliance with basic 
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Linking ISO 9001/2 to airworthiness standards: Although Canadian and U.S. 
airworthiness regulations do not at this time explicitly recognize the ISO 9000 standard or 
use an equivalent wording, the ISO 9001/2 elements are highly relevant to them. In some 
instances, airworthiness and ISO 9001/2 requirements ask for essentially the same thing. In 
other instances, ISO elements require procedures that should address relevant regulations 
and standards. In other words, for an aerospace company's quality system to meet ISO 
9001/2, it must have documented procedures to meet airworthiness regulations. Below are 
some examples of the correspondence between airworthiness regulations and ISO 9001/2. 
Providing an exhaustive cross-reference is beyond the scope of this handbook. Readers are 
referred to Aviation Industry Quality Systems: ISO 9000 and the Federal Aviation 
Regulations, by Michael J. Dreikorn (Milwaukee: ASQC Quality Press, 1995) for a detailed 
discussion of how ISO 9001/2 and FAA regulations are related. 
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quality system requirements would allow these agencies to concentrate on product 
safety/airworthiness. 

Transport Canada has not (as of late 1996) adopted ISO 9000 as a formal requirement. They 
have indicated that current regulations are adequate to ensure product integrity and point 

• out that airworthiness regulations involve several requirements in addition to ISO 9000. The 
• FAA is in the process of rewriting Part 21 of its Federal Aircraft Regulations. They have 
• formed a joint FAA—industry ARAC writing team. The proposed standard uses a subset of 

requirements from ISO 9000 as the base for the proposed quality system within FAR Part 21. 
The FAA's aircraft certification system evaluation program (ACSEP) guidelines provide 

• guidance to companies on complying with FAA regulations. They are very prescriptive and go 
• well beyond the FAA regulatory requirements. They overlap with some parts of ISO 9000 but 

• would need to be rewritten in order to be compatible vvith the standard. In Europe, the 
relationship between ISO 9000 and airworthiness standards is evolving. The Joint 
Airworthiness Authority has informally recognized ISO 9000, but does not mandate it. The 

• U.K. Civil Aviation Authority accepts ISO 9000 registration as part of the criteria necessary to 
• comply with the International Joint Aviation Requirement (JAR) 145. 

Under ISO 9001/2, an aerospace company's quality system must take the needs of customers 
and regulators into consideration. While both airworthiness authorities and aerospace 

• customers want assurance that suppliers' quality systems will ensure product safety, their 
• quality system requirements are not identical. The focus of the airworthiness authorities is on 

• product safety alone. Aerospace. customers, on the other hand, have a broader range of needs 
to be addressed by a supplier's quality system. They are concerned not only with product 

• safety but also with performance, cost and delivery time. This difference in scope is reflected 
• in the fact that continuous improvement and internal auditing have not been covered in the 
• airworthiness regulations. (At the time that this handbook was being written, FAA 

• regulations were being reirised and were likely to be changed to include internal auditing.) 

• 
•  

•  
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Transport Canada and FAA airworthiness regulations require that companies: 

• provide a statement of commitment to quality by senior management, description of how 
responsibility and authority are delegated throughout the organization, and a designated 
management representative for quality (these requirements correspond to ISO Element 
4.1, Management Responsibility). 

• have a documented quality program in place, including a quality manual and written 
procedures and data (this requirement corresponds to ISO Element 4.2, Quality System). 

• assume full responsibility for all subcontract activity (this is consistent vvith ISO Element 
4.3, Purchasing). 

• meet certain requirements in order to obtain design approvals: Under ISO Element 4.4, 
Design Control, the quality system must have procedures to ensure that designs meet 
both customer and regulatory requirements. This means that the ISO procedures must 
describe how the company's design process meets applicable airworthiness regulations. 

• maintain control over documents and data needed to comply with airworthiness 
reg-ulations, e.g., approval applications, certificates, design drawings, data and manuals: 
Under ISO Element 4.5, Document and Data Control, companiés must have procedures to 
control all documents and data relevant to the quality system, including external 
standards and customer dravvin.gs. 

• provide a description of the company's inspection system, covering all applicable phases, 
from inspection of purchased material, through fabrication and assembly, to inspection of 
the finished product (this corresponds to ISO Element 4.10, Inspection and Testing). 

• have procedures for controlling work operations necessary to ensure quality and safety: 
Under ISO 4.9, Process Control, a company must have procedures to ensure that 
processes comply with relevant reference standards. These would include applicable 
airworthiness regulations. First article inspection, required by airworthiness reg-ulations, 
could be included as part of Process Control or Inspection and Testing; however, 
aerospace companies sometimes prefer to make this an additional element of their quality 
system. 

• maintain complete quality records, including inspection and test records and material 
review board action, for a minimum time period from the date of conformity certification 
of deliverable product: These time periods are three 'years for Transport Canada and two 
years for the FAA. Note: An unwritten rule in the industry is that records of build are 
kept as long as the product is flying. ISO element 4.16, Control of Quality Records, 
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requires that companies have procedures to control quality records in accordance with 
• specified requirements. 

• • provide adequate training to quality inspectors and design engineers (ISO Element 4.18, 
Training, requires procedures for identifying training needs and training all personnel 
whose work can affect quality). 

• STANDARDS FOR SPECIAL PROCESSES 

There are some process-specific standards used in the aerospace and defence industries. For 
example, the National Aerospace and Defense Contractors Accreditation Program (NADCAP) 

• deals with best practices associated with several manufacturing operations, such as welding, 
• heat-treating, surface treatments, etc. Because the quality of products made using these 

• processes cannot be determined by inspection of external appearance and dimensions, there is 

C a need for enhanced control over manufacturing and inspection. NADCAP is supported by 
about 20 OEMs and first-tier aerospace firms and is administered by. the Performance Review 

• Institute (PRI), an independent, not-for-profit trade association that is affiliated with the 
• Society of Automotive Engineers. 

To receive NADCAP certification for one or more special processes, companies undergo audits 
by PRI. In addition to process-specific best practices, NADCAP requirements include quality 

• system requirements that overlap to some extent with, but are not identical to, ISO 9002. 
O 

SOFTWARE QUALITY STANDARDS 

• Software is becoming an increasingly important part of aerospace and military products and 
• services. In aerospace and defence, software performs many mission-critical functions and 
• must perform as intended. To ensure this happens, the software design and development 

• process should utilize an effective  quality system. ISO 9001 is generic to all industries and can 
be applied to software processes. In doing so, the characteristics of software development, i.e., 
design-intensive with little emphasis on physical manufacturing, need to be considered. 

• ISO 9000-3 provides guidelines for the application of ISO 9001 to the development, supply 
and maintenance of software. The standard includes sections that deal directly with each of 
the principal stages of the software life cycle: design, implementation, testing, validation and 
acceptance. ISO 9000-3 is consistent with ISO 9001 and includes a cross-reference table 

• between the two standards. The two standards are, however, structured differehtly. One 
• aerospace supplier (Atlantis Aerospace Corporation) told us that developing a quality system 

based on ISO 9000-3 left some gaps, which were identified when the system was audited to 
ISO 9001. The additional requirements were addressed without undue difficulty and the 
company received ISO 9001 registration for its software quality system. 

O  • 
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ISO 9000-3 suggests that the customer appoint a management representative to deal with the 
supplier on contractual matters, including requirements definition, responding to  questions, 

 approving proposals, defining acceptance criteria, and concluding agreements. It also suggests 
that suppliers and customers conduct joint reviews of software projects. This suggested role 
for the customer has no equivalent in ISO 9001/2. 

The ISO 9000-3 standard itself is a guidance standard, developed for internal use as well as 
contractual use by two parties. It does not include provision for third-party registration. The 
U.K. Department of Trade and Industry and the British Computer Society have developed 
TickIT, a system for registering software development systems based on compliance with 
ISO 9000-3. TickIT auditors must have several years of experience in software development 
and have passed a TickIT lead auditor course. Major corporate software customers have 
beg-un to specify ISO 9000 registration from TickIT-accredited third parties. At the 50th 
Annual ASQC Congress, in Chicago, the possibility of a U.S. version of TickIT was discussed. 
A representative of the U.S. Registrar Accreditation Board (RAB) said that RAB had 
consulted its U.S. stakeholders on this issue and found that no consensus could be reached. 
There was roughly a 50:50 split between those in favour of the idea and those opposed. The 
RAB representative pointed out that software operations can be registered to ISO 9001 and 
that auditors must have appropriate industry experience. 

ISO 9000-3 is not, however, the only recognized standard for software. The U.S.-based 
Software Engineering Institute's  (SET) capability maturity model (CMM) is used extensively 
by the DoD and its defence contractors. The CMM is based on five stages of maturity in 
software development systems, as shown in the table below. 

This five-stage model was originally developed for DoD's suppliers; however, some commercial 
software companies are now using it. The CMM is more comprehensive than ISO 9001. 
Level 3 corresponds apprœdmately to ISO 9001; Level 4 focusses on removal of special causes 
of variation; and Level 5 deals with removal of common causes of variation. 
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• e Defined 

Managed 

Optimizing 

Ad hoc; problems solved by testing and fixing end product 

Use of project management and configuration management tools 
Software QA process is dependent on individuals 
Problems solved by testing and fixing end product 

Process defined and institutionalized, involving standards and 
process groups 
Problems identified and solved during development process 
Corresponds roughly to ISO 9001, interpreted by ISO 9000-3 

Process measurement and quantitative analysis added to system 
Problems prevented from occurring 

Improvements fed back into development process to minimize 
process variation 

• According to Mark Paulk of the SEI, software engineering is often done less systematically 
than hardware engineering, resulting in a wider gap between quality theory and practice than 
exists in manufacturing. Companies that have adopted the CMM have improved their ability 

111 	to prevent software defects. Managing customer requirements is a problem, since customers 
• expect to be able to request changes informally during the development process. This makes it 
• difficult to have a stable development process, which is necessary for continuous process 

• improvement. Companies adopting the CIVIM must require their customers to systematically 
document change requests. This may be responsible for an apparent decrease in customer 
satisfaction that occurs when CM.M is adopted, but customer satisfaction eventually reaches 

• higher levels than existed prior to its introduction. 
Ô  

A number of aerospace and defence companies use the SET model to manage quality in 
software products (e.g., AlliedSignal, Lockheed Martin, McDonnell Douglas). As previously 
stated, Level 3 in the model corresponds roughly to a quality system meeting ISO 9001 

• requirements. The most advanced aerospace and defence software operations in North 

• America are currently moving from Level 3 to Level 4. Motorola India was mentioned as one 
of the few organizations that has reached Level 5 of the CMM. 

111 	CMM's relationship to ISO standards: ISO is developing a suite of standards known as 
• SPICE (Software Process Improvement and Capability dEtermination) that includes a process 
• management model similar to CMM. The SPICE model is continuous whereas the CMIVI 

model is based on five stages. The two models have different advantages and disadvantages 
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and may actually be complementary. Although CM1VI and SPICE will continue to evolve and 
influence each other, there is no indication that they will merge. 

As of late 1996, there was no clear consensus on which of the above software quality 
standards will become the industry standard in the aerospace and defence sectors. It is 
possible that both models will continue to be used. McDonnell Douglas, for example, has 
merged the CMM requirements with those of ISO 9000-3. 

COMMON APPROACHES TO ADVANCED QUALITY METHODS 

The U.S. Government—Industry Quality Liaison Panel: In the U.S., industry and 
government are cooperating to standardize basic and advanced quality system requirements 
using ISO 9000 as a base. The Road Map for Quality in the 21st Century was produced by  the  

•Government—Industry Quality Liaison Panel (GIQLP), a group representing U.S. government 
departments and industry associations. 

The GIQLP was formed to develop a replacement for MIL-Q-9858A. It includes members from 
DoD, NASA, the Aerospace Industries Association, the Electronics Industry Association, the 
National Security Products Association, ASQC and ANSI. It started as a "self-empowered" 
group but it has gained momentum from William Perry's directive on government 
procurement standards and has been recognized by the Inter-Agency Committee for 
Standards. Its work is consistent with government policies to institute performance-based 
contracts and to have increased responsibility and accountability of contractors, with less 
government oversight. 

Prior to this initiative, contractors had to create a "stove pipe" quality system with separate 
features to satisfy each customer's requirements. Contract requirements tended to be too 
prescriptive rather than asldng for performance and leaving it to the contractor to determine 
how. There has also been too much duplication of government auditing. Different government 
agencies, and even different project procurement groups within the same agency, have not 
recognized the validity of each others' quality system audits. 

The GIQLP Road Map identifies actions to improve the quality and value of products and 
services provided to government (better, faster, cheaper). It embraces the adoption of industry 
best practices and aims to move away from non-value-added, non-cost-effective quality 
practices, toward  a more open and flexible approach to quality. 

The panel has identified three main strategic thrusts: 
• single quality management system within contractor's facility; 
• implementation of a baseline quality management system and appropriate oversight 

methods (expected to be ISO 9000); and 
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a 

• The GIQLP has developed a quality system model for use as an evaluation tool by government 
procurement groups, replacing MIL-Q-9858A. In.dustry has played a significant role in its 

• development. The model consists of: 
• basic quality system, similar to ISO 9001; 
• risk mitigation tools; and 
• product unique requirements. 

• it is intended to provide flexibility and ensure process ownership by contractors, leading to 
continuous improvement. Other features of the model include: 
• a self-assessment maturity matrix for each of the 20 ISO quality system elements; and 

• • a training "template" for contractor and government personnel (government and industry 
• people may be trained in joint workshops). 

Some of the advanced quality practices covered by the model include: 

• design processes • - key characteristic identification 

• - design for assembly/manufacturing; 

• manufacturing processes - identification/control of critical processes • - lmowledge of process, capability 

• - early validation of processes and tooling; and 

• control and verification practices • - variability reduction 
• - root cause-focussed defect control. 

The GIQLP model is being implemented through local management councils for each 
a 	contractor facility, including members of management and key customers. Each council will 
• be responsible for overseeing validation of quality processes at its facility. The council 
• members sign a Memorandum of Agreement, providing for recognition by all of basic quality 

• management system audits performed by any one member. A contractor's facility would 
receive one basic quality system audit annually. There would also be periodic customer audits 111 	and contractor self-audits of critical processes. If it works as intended, there will be much less 

• duplication of audits. The GIQLP model does not prescribe the use of particular techniques. 
a 

• government and industry sharing recognition and use of advanced quality concepts, 
including management commitment, process analysis, variability reduction and 
continuous improvement (advanced quality concepts would not be meant as contractual 
requirements but as potential ways for contractors to respond to such requirements). 
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The risk mitigation approach to be used on a particular contract would be woven into the 
contractor's proposal. 

Joint Aeronautical Conunanders Group: The Joint Aeronautical Commanders Group 
(JACG), whose members include all branches of the U.S. armed forces, NASA and the Coast 
Guard, has developed a policy that establishes ISO 9000 as the minimum quality system 
model for procurement and encourages contractors to enhance their basic quality systems by 
using advanced quality methods. They have published a document titled Advanced Quality: A 
Guide for Aerospace Acquisition Management Teams, which identifies and describes advanced 
quality practices that should be considered. The guidance document was written to assist 
member procurement groups in evaluating suppliers' advanced quality practices and to assist 
suppliers in describing their advanced quality approaches within proposals. The JACG 
advanced quality system (AQS) concept is compatible with the GIQLP quality model, since 
they both involve building an advanced quality system using ISO 9000 as a base. 

Advanced quality systems (AQSs), as defined by the JACG, emphasize: 
• the prevention of defects versus detection; 
• use of quality principles during development to achieve producible designs; 
• capable, controlled manufacturing processes; 
• adoption of an integrated, multifunctional approach to quality throughout the product life 
• cycle; and 
• continuous improvement. 

The JACG best practices include elements of Boeing's D1-9000 and Motorola's 6-Sigma 
program. 

The use of advanced quality practices is expected to provide substantial benefits to both 
government and defence contractors. These include reducing the cost of oversight by 
targeting it based on a combination of product risk and quality system maturity, decreased 
number of engineering changes, and reduced cycle times, rework and inspections. These 
improvements translate into improved life cycle affordability and reduced production 
transition costs. 

Advanced quality system practices discussed in the JACG document include: 

• Integrated product/process development (concurrent engineering): This 
requires involvement of personnel from a number of functional disciplines, including 
appropriate subcontractor personnel. Quality function deployment (QFD) is one of many 
tools that can be used for concurrent engineering. It provides a structured, team-oriented 
planning methodology for translating the top-level customer needs into appropriate 
requirements at each level of product and process design. 
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• Process variability reduction: Variation has a significant influence on product fit, 
performance, service life and manufacturability. Potentially useful methods for analyzing 
and reducing variability include process flowcharts, Pareto charts, cause and effect 
diagrams, design of experiments, fail-safeing techniques, and the Taguchi Loss Function. 

Use of stable, capable manufacturing processes as the basis for product 
acceptance: It is preferable to ensure product quality by establishing and maintaining 
process stability and capability rather than by inspection. Statistical methods can be used 
to monitor and control key process and product variables. There are certain critical 
characteristics, however, where statistical evidence alone may not be appropriate evidence 
of conformance. 

a 

, 

a 
a 
a 

• Design to manufacturing process capability: This requires optimizing new designs 
• with respect to manufacturing processes. AQSs require design tolerances to be established 
• to provide for a minimum process capability for processes that control key characteristics. 

• Typically this will require a Cpk  ranging from 1.33 for non-complex mechanical parts to 

a 	2.00 for parts used in complex electronic systems that must exhibit extremely high 
reliability. • • • Design for assembly/manufacturing (DFA/IV): This involves cost reduction through 

• design simplification, e.g. parts reduction. It can also result in improved quality since the 
potential for nonconformances increases with product complexity. 

•• • Robust design: This concept, developed by G. Taguchi, involves the reduction of the 
• number of key characteristics in a product. The objective is to make the product quality 

• insensitive to sources of variation that are difficult or impossible to control. This can be 
achieved through the use of statistically designed experiments. • 

• • Geometric dimensioning and tolerancing: This method, applied to engineering 
• drawings, enables understanding of the impact on assembly operations of variation in 

• individual components. It is described in ANSI Standard Y14.5M-1982. 
• 

a 
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• Identification and control of key characteristics: Key characteristics are the 
features of a material or part whose variation has a significant influence on product fit, 
performance, service life or manufacturabilty. Impacts on both internal and external 
customers are important. For example, any characteristic where excessive variation 
results in a high internal rejection rate is considered a key characteristic. Key 
characteristics can be identified by analysis of historical data, failure modes and effects 
criticality analysis, fault tree analysis, quality functio n  deployment and design of 
experiments. 
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• Control of variation in the measurement systems — gauge variation, or 
repeatability and reproducibility studies: This involves statistical an.alysis of 
variation within the gauge when used by a single operator (repeatability) and due to 
differences among operators (reproducibility). It allows a determination of how much 
engineering tolerance is used up by inherent gauge variation. 

• Root cause, closed loop corrective action: This emphasizes prevention of recurring 
defects, in materials and in intermediate and final products. The use of formal problem-
solving techniques, multifunctional teams and high-level management involvement are 
mentioned. 

• Deployment of advanced quality system elements to subcontractors: The 
supplier should determine which AQS elements should be flowed down to subcontractors 
and then deploy them accordingly. Objectives include achievement of defect-free 
subcontractor product, enabling JIT and direct ship-to-assembly delivery. 

• Continuous improvement: This concept applies to all methods used for constantly 
reducing the cost to deliver products and services of increasing quality. These include 
methods for identifying and reducing the root causes of variability and removing non-
value-added steps from processes. 

• Enabling business practices: These deal with how procurement groups can promote 
the use of advanced quality methods by contractors. For example, proposals and contracts 
should be structured to identify funding requirements so that adequate funding is 
available for the introduction of advanced quality methods. Contracts should specify 
performance requirements rather than the details of advanced quality methods to be 
used. Incentives, such as the award of new business, can be used to promote the use of 
advanced quality methods. 

Converging approaches: It is evident, from the discussion in this chapter, that several 
quality initiatives relevant to the aerospace and defence industries are moving along a parallel 
direction, that of specifying quality requirements in terras of ISO 9000 plus enhancements. 
Canadian, U.S. and NATO military procurement groups will be relying on the ISO 9001/2 
standards for basic quality system requirements in the future. Aerospace and defence OEMs 
and other suppliers have reorganized their quality system requirements to explicitly 
incorporate ISO 9001/2. 

The need for a standardized approach to those aspects of quality, not covered by the basic 
system, has also been recognized. The Aerospace Basic Quality System Standard (SAE ARD 
9000), its European counterparts and national airworthiness regulations will define the 
additional requirements needed to ensure quality and safety of aerospace products and 
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services. Initiatives such as the GIQLP and JACG documents discussed preyiously provide 
models for advanced quality system requirements. 

THE FUTURE OF ISO 9000: GREATER SUPPORT FOR CONTINUOUS a 	IMPROVEMENT 

• This section discusses current trends and expected future developments associated with the 

• ISO 9000 standards. 

The International Organization for Standardization is revising the ISO 9000 
• standards to increase their usefulness to companies developing a broader TQM 
• approach. ISO has published a strategy document, Vision 2000, which is based on a strategic 

• marketing approach. It attempts to analyze the current and future needs for quality system 
standards. It considers that ISO 9000 is consistent with TQM, although not all companies a recognize this. The document recognizes that although ISO 9000 is the dominant player in 

• the civality assurance standards market (ISO 900172/3), it has achieved relatively little 
• "market share" in the quality management standards and assessments market. As discussed 

• in Chapter 7, the more successful TQM-based assessment schemes are based on awards 
criteria. By contrast, ISO 9004-1 has received relatively low usage. Several other shortcomings 
of the current ISO 9000 series have also been recognized and will be addressed. ISO has 

• published specifications for the revised ISO 9001/2 standards, to be released around 2000. 
• Some of the improvement initiatives being undertaken by TC 176 include: 

a 	• maldng ISO 9001 more user-friendly, e.g., better writing style and more clearly applicable 
to all industries; 

• consolidating ISO 9001, 9002 and 9003 into a single 9001 standard; • • reducing the number of elements; 
• • providing objective meas:u.res of compliance; 

• expanding the linkage of a company's quality system to its customers; 
• maldng ISO 9001 consistent with ISO 9004, e.g. 1:1 correspondence of elements; and 

• • simplified procedures, with less documentation required. 
a 
• The ISO 9000 standards are being revised to provide better alignment between basic quality 

• assurance requirements in ISO 9001/2 and the broader TQM quality concepts covered in 
ISO 9004. This will facilitate using the basic ISO quality system as a basis for building a TQM a 	organization. The revised ISO 9001 will remain focussed on quality assurance and not become 

• a "TQM standard." It could, however, be strengthened in the area of continuous 
• improvement. According to a U.S. member of TC 176 (Joseph Tsiakals, Baxter Biotech, 

• spealdng at the 50th Annual ASQC Conference, Chicago, May 1996), negotiations are being 
held with ISO to include some of the continuous improvement enhancements found in 

• QS-9000 within the revised ISO 9001. Tsiakals advocates implementing first ISO 9001/2 and 

- 
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then a broader quality management model using, for example, the MBNQA quality award 
criteria. 

Motorola Builds Advanced Quality Methods onto ISO 9001 Base: At the 50th annual ASQC 
Congress, held in Chicago during April 1996, the Aerospace and Defence Division meeting focussed 
on the Government—Industry Quality Liaison Panel and related approaches for defining advanced 
quality systems. 

Panel member Jerry Norley, of Motorola, discussed how the company has used parts of the 
GIQLP model at their military electronics facility in Phoenix, AZ. This includes an ISO 9001- 
compliant basic quality system. The DoD audit group (DCMC) audited them to ISO 9001 and issued 
a Certificate of Quality, based on ISO 9001 compliance. This has subsequently been recognized by 
some European primes (although this was not the purpose of the audit). This initiative has also 
included use of advanced quality system concepts whereby processes and their attributes that 
contribute to risk are identified and selectively monitored. Using this approach, the DCMC has been 
able to reduce its oversight staff at the Phoenix facility by 29 percent. 

Motorola has used several advanced quality tools at its Phoenix facility: 
• Quality system review: 

- targeted toward prevention of defects 
- aim to design-in and manufacture-in quality. 

• Process characterization: 
- cause-and-effect relationships 
- facilitate effective knowledge-based process control. 

• Robust design: 
- providing immunity to variation in design 
- "variation budget," including variation in production and use 
- using simulation to predict effects of variation. 

• Concurrent engineering: 
- prediction of quality performance early in design process 
- early involvement by suppliers 
- checklists to avoid repeat mistakes 
- using design-for-manufacturability simulation tools.  

There is a trend toward national and industry sector-specific standards, consisting 
of ISO 9000 plus enhancements. Representatives of ISO and others associated with the 
ISO 9000 standards development have voiced a range of opinions on the usefulness of this 
trend. Some are of the opinion that it will lead t,o fracturing of the system, with loss of support 
for a truly universal standard. Part of ISO's strategic goal is to focus on the value of universal 
standards to facilitate world trade, and to avoid proliferation of national and industry-specific 
standards, as long as user needs are met. On the other hand, it does not oppose sector-specific 
standards that incorporate ISO 9000 explicitly and add sector-specific enhancements. This 
approach has the advantages of meeting individual sector needs and not impeding third-party 
registration to ISO 9001/2. If such enhancements are relevant to all sectors, they may be 
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• added to future versions of ISO 9000. ISO has cooperated with the automotive industry and, 
• more recently, the aerospace industry by allowing verbatim inclusion of ISO 9001/2 in their 

• respective industry sector-specific standards. 

TRENDS IN ISO 9000 REGISTRATION a 
• There are continuing international efforts to achieve mutual recognition of ISO 9000 
• accreditation bodies, registrars and auditors. Initial efforts in this area have involved two or 

• more registrars or registrar accreditation bodies developing mutual recognition agreements. 
These efforts are now being superseded by broader multilateral initiatives to create 

• international recognition systems. The International Accreditation Forum (IAF), founded in 
• January 1993, is working on establishing a system that enables registrar accreditations by 

• participating members to be recognized around the world. The International Auditor and 
Training Certification Organization (IATCA) is an initiative, begun in 1993 by 16 nations, to 
create an internationally accepted set of requirements and course accreditation for auditors. 

• Information on these initiatives is available from the Standards Council of Canada. • 
• The European Union Standards Policy Group is currently planning a quality program that 

would de-emphasize ISO 9000 as a certificate program while maintaining its use as a quality 
tool. According to a senior European Union official (Jacques McMillan, head of the Standards 

• Policy Group, Directorate-General III for Industry), there is evidence that some companies 
• have succeeded in being certified without ever having demonstrated that they have read 

• ISO 9000 or understand the basics of quality. This has probably resulted because companies 
have been in too much of a hurry to get registered, in response to market pressures. The end 
result is growing disenchantment with certification and more importantly with quality (see 

• Jacques McMillan, "The European Union Policy Toward ISO/EN 9000 and Quality," Quality 
• Systems Update 4 (4), October 1994). 
• - 

The commission wants to put quality first, with certification only a confirmation of the 
quality-system, not the objective. The goal is to emphasize the TQM approach through using 

111 	the European Quality Award, similar to the Malcolm Baldrige National Quality Award. The 
• message is: Think of quality first, not certification — don't judge suppliers or 

• competitors solely on the basis of certification. The European Organization for Quality 
and the European Foundation for Quality Management are working to strengthen the 
European Quality Award within a forum called the European Quality Platform. Another 

• priority is to make the award relevant to small and medium-sized enterprises. The 
commission supports efforts to streamline the registration process by getting all European 

• accreditation bodies into the same organization and working as a network, thus eliminating 
duplication of accreditation efforts. 

a • 
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There is currently an initiative, led by several high technology companies (Hewlett Packard, 
Motorola, Xerox, Intel, etc.) to provide a streamlined registration process for companies with 
"mature quality systems." System-level assessment (formerly called supplier audit 
confirmation) is a method for auditing a company's quality system for ISO 9000 compliance 
that includes consideration of the company's internal audit results. The approach is intended 
to reduce duplication between internal and external audits, thus improving efficiency and 	/ 
lowering registration costs. 

Proponents of the system-level assessnient approach had initially been critical of the 
ISO 9001/2 standards but have shifted their concern  to the registration process. They have 
indicated that they support ISO 9000 registration and that their approach is compatible with 
the ISO 9000 standards, related guidelines and certification practices. Several registrars and 
accreditation bodies have been asked to review the approach and some have stated that they 
support it in principle. As of late 1996, pilot projects by several registrars using the approach 
were being conducted. The research for this handbook did not identify any aerospace/defence 
companies that have been registered using the system-level assessment approach. 
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DEVELOPMENT OF A PROACTIVE QUALITY SYSTEM 
• FOR MAINTENANCE AND ENGINEERING SUPPORT 
• OF CANADIAN ARMED FORCES AIRCRAFT 
• by Major Aimé Boulé and Terry Crich, 

Directorate of Quality Assurance, Department of National Defence 

• Background 

• The air maintenance and engineering organization of the Canadian Air Force has a 
straightforward but challenging mandate: keep the air force's many aircraft mission-ready 
and operating safely and effectively at all times. The organization consists of operational 

• units, located at bases across Canada, an engineering development facility at Trenton, 
• Ontario, and management personnel in Ottawa. Approximately 6000 Canadian Forces 
• personnel and DND civilian employees are involved. 

Until recently, the approach to quality assurance within the air maintenance and engineering 
• units had emphasized inspection, with relatively less effort going into systematic process 
• improvement. Although quality requirements and procedures were highly documented, there 

• was considerable scope for improving their coordination by applying a single, comprehensive 
quality system standard. External audits, performed by Aircraft Maintenance Inspection 

• Teams (AMITs) were based on a fairly extensive compliance checklist but did not examine 
• processes in sufficient detail to generate recommendations that led to continuous process 
• improvement. The system resulted in a high degree of safety and flight readiness, but did not 

• explicitly address process efficiency or continuous performance improvement. 

Applying training received from the directorate of quality assurance (DQA), the AMITs have 
• shifted the emphasis in audits from compliance to process auditing. This has resulted in 
• identification of process improvement opportunities within the air maintenance units. The 

new approach has been favourably received by the units who have requested and undergone 
process audit training for use in internal auditing. 

• In 1995, as part of efforts to foster continuous improvement, the aircraft maintenance 
• division of Air Command Headquarters undertook a full-scale evaluation of its existing air 

ie 	maintenance audit process. This review encompassed three main entities: airworthiness, 
operations and business planning. The scope of this review was expanded to include the 

• overall approach to quality assurance within maintenance units. In addition to extensive fact- 
• finding within the maintenance units, the review made use of comparative studies of practices 
• in several other aircraft maintenance organizations, including those of the United States, 

United Kingdom and Australian air forces, Transport Canada and Canadian Airlines. 

O  
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Important recommendations of that study were as follows: 

• adopt a common quality system (based on the ISO 9000 standards) for aerospace 
engineering and maintenance, from "flight line to third line"; that is, from aircraft 
servicing to repair and overhaul, including aerospace equipment program. management; 

III interpret the appropriate ISO 9000 quality standard for the air force prior to 
implementation (considering the organization's objectives, management practices and 
operational environment); 

• develop leadership commitmeit for the new quality system; 

• adopt "contractual" quality manuals (for the maintenance units vis-à-vis operational 
squadrons); 

• institute systems of periodic external and internai audits; 

• audit processes in lieu of concentrating on inspection; and 

• have maintenance units attain minimum selected standards as a condition of operation. 

As part of its re-engineering efforts in 1996, the National Defence Headquarters staff 
reviewed the processes used to satisfy the Aeronautical Act airworthiness requirements that 
come under the responsibility of the Minister of National Defence. The review identified a 
need to strengthen the feedback system for taking corrective action on audit findings. 
Following the review, implementation of a quality standard was seen as essential to achieve 
desired levels of efficiency, effectiveness and regulatory control. 

Quality System Implementation 

As a result the above reviews, the Al? 9000-PLUS Quality Standard (pronounced "Air Force 
9000 Plus") was developed for implementation in all areas of aerospace engineering and 
maintenance. Published in summer 1996, the standard is essentially a "light blue" (Canadian 
Air Force) version of ISO 9001. The "PLUS" denotes topics the can be traced to ISO 9004-1 
but are absent or less explicit in ISO 9001/2, namely, leadership, business planning, quality of 
life and continuous improvement. To facilitate the interpretation of the standard within the 
organization, each element is followed by a paragraph discussing how the clause, in general 
terms, relates to a unit's activities. 

Each unit is expected to develop a detailed implementation plan and follow up on it. The first 
step has been for unit commanders to appoint an officer of prime interest (ISO 9000 
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management representative) to lead the implementation effort. Following training, the next 
• step for the implementation team will be to perform a baseline audit, leading to a gap 
• analysis. Results of the gap analysis will be used to prepare the implementation plan. During 

• implementation, each aircraft maintenance unit is to develop a manual of aerospace 
procedures (MAP). The MAP essentially integrates the quality and procedures manuals ;Mien a 	seen as the upper tiers of ISO 9000 documentation structure. It may also be used to fulfil 

• requirements of multi-level business plans, and forms the basis for review and accreditation of 
• units to perform the work described. The ISO 10013 standard, dealing with quality manuals 

and quality procedures, is being used for guidance in developing the MAPs. A key concern will 
be to ensure that operations personnel have sufficient opportunity to participate in the 

fib 	implementation process. 

• DQA assistance will be available to the units implementing the standard. DQA has 
undertaken several initiatives to enhance its ability to assist Canadian forces units in moving 
from inspection-based quality systems to proactive, process-based quality systems that 

• incorporate continuous improvement. For example, DQA personnel have undertaken 
• substantial training in quality system implementation and auditing from outside 

• organizations. DQA is also implementing its own quality system, using ISO 9004 as a model. 

Although units are not required to obtain accreditation by a specific date, implementation 
• within a unit is expected to take about 18 months. Once a unit has completed the process, it 
O 	will receive periodic external audits, much like registrars' audits in industry. The scope of 
• these audits, however, will be broader than typical ISO 9000 audits. Staff from DQA will audit 

quality system elements paralleling ISO 9000; a representative of the directorate of technical 
airworthiness will audit airworthiness and regulatory compliance; and others, as required, a 

	

	from Chief of Air Staff (after the disbandment of Air Command Headquarters) will 
audit/evaluate flight safety, business processes, leadership, quality of life, etc. Drawing from 

a 

	

	these three groups, the composition of audit teams will be tailored to meet the needs of 
individual air maintenance units. 

a 	The Future 

• At a date yet to be determined, only units that have demonstrated satisfactory conformance to 
the AF 9000 PLUS quality system will be fully authorized to perform aircraft maintenance. 
Those units that do not will be placed under probation and required to operate with some 
restrictions and in accordance with extra conditions. 

• 
The adoption by the air maintenance and engineering units of a quality system, based on a 
widely used model (ISO 9000), as well as the aligmment of the quality system with the overall 
management system and airworthiness controls, is expected to result in several advantages. It 
will enable the air maintenance and engineering units to continuously improve the 
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performance and efficiency of their own operations and to interface effectively with their 
suppliers in the private sector. This will enable the units to meet future challenges well into 
the next century. 

European Conformity Assessment: This concept was created by the European Union (EU) 
countries to ensure that products sold in their markets meet applicable quality requirements and 
laws dealing with health, safety and environmental protection. The system for conformity 
assessment, known as the Global Approach to Product Certification and Testing, is currently under 
development. The EU countries are in a transition period during which many national regulations 
are to be harmonized with the EU directives on conformity assessment. 

Conformity assessment activities can include design approval, product testing and quality 
system registration. Depending on the product, the conformity assessment can he met via one of the 
seven modules within the modular approach. If full quality assurance is required, then the 
manufacturer has to operate to ISO 9001; for a production quality assurance, ISO 9002 is required, 
and for product quality assurance, ISO 9003 is sufficient. At the end of the assessment, if all the 
requirements are satisfied, a CE mark can be placed on the product. Depending on the c,omplexity of 
the product, a manufacturer could, in certain cases, declare conformity and affix the mark. For some 
products, however, a CE mark can be issued only by a notified body. Notified bodies are government 
agencies or designated organizations that are authorized to certify specific products to regulatory or 
ISO standards. 

Although conformity assessment is not used in Canada and is used very little in the U.S., it is 
beginning to show up in NASA's procurement regulations. 

— Marcus Khoo, Hughes  Aircraft  of Canada Limited 
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Chapter 7 
• FRAMEWORKS FOR MEASURING QUALITY IMPROVEMENT: 
• COMPARISON OF ISO 9000 AND THE NATIONAL QUALITY AWARDS 
1111 INTRODUCTION 

O 	Continuous quality improvement has little meaning unless it can be measured. This chapter 
• discusses the national quality awards of Canada and the United States as potential 

frameworks for measuring continuous quality improvement. Also provided is a brief a comparison of these quality awards with ISO 9001/2 and ISO 9004. Following the chapter are 
• articles from Pratt & Whitney Canada Inc. and Messier-Dowty Inc. in which the companies 
• describe quality assessment methods that incorporate ISO 9001/2. 

Many leading companies, including some in the aerospace and defence sectors, use quality 
award criteria to measure their progress in achieving the objectives of TQM. The advantages 

• of the quality award criteria include: • • being comprehensive in scope and detail; • • incorporating leading-edge thinking from the quality field, 
• having been extensively tested; and 
• providing opportunities for benchmark comparisons with other firms. 

•
a 

Not all companies, however, believe that quality award criteria provide an effective 

• measurement system. They argue that the criteria are too generic to accurately reflect 

O 	progress toward a company's specific objectives. They do not ensure that the customer is 
provided with a better product nor do they measure performance against other companies in 

• the same industry. Furthermore, using the criteria, particularly if the company plans to 
• submit an application, can be very time consuming. Nevertheless, the awards criteria.can be 

• very useful for providing a systematic approach to measuring quality progress and raising the 
profile of quality within an organization. 

Regardless of how your company measures its quality progress, quality improvement efforts 
should be ultimately driven by customer satisfaction, not internal process efficiency targets. 
Both sets of award criteria discussed in this chapter cover identification of customer needs 
and measurement of customer satisfaction. You will need to survey your customers to find out 
what is important to them and what is their level of satisfaction. The type of survey method 
and frequency will depend on the nature of your products and services. Xerox Corporation's 
Business Products and Systems Division surveys its customers every month on average — 
this may be excessive for aerospace and defence companies. You will also want to help your 
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suppliers choose measurements that contribute to their meeting your needs. Texas 
Instruments' Defense Systems and Electronics Group, for example, sends teams of TI quality 
and engineering people to visit suppliers' sites. The teams explain to suppliers what is most 
important to TI and assists them in setting up metrics to measure improvement. The 
Canadian Aerospace Industry Handbook on Total Quality Management (Ottawa: Industry 
Canada, 1993, 1996) includes material on surveying both customers and suppliers on their 
level of satisfaction. 

AlliedSignal Aerospace Canada uses 26 measures of continuous improvement, including cost of 
quality, inventory turnaround and profitability. Many of these are beyond the scope of the 
company's ISO 9001 procedures. According to Barry Beffort, Director of Total Quality and 
Customer Service, interfacility and intercompany comparisons are often not meaningful, since these 
organizations operate under different conditions. He favours setting targets for each facility and 
measuring_progress  toward  them over time.  

COMPARISON OF THE NATIONAL QUALITY AWARDS AND ISO 9000 

To measure a company's progress in quality, one needs a system with the following 
components: 
• a set of criteria that are relevant and against which progress can be meaningfully 

measured; and 
• the capability to measure progress using the criteria, including scoring or decision-making 

procedures, assessment methods and trained assessors. 

Criteria for quality measuring progress: The major quality awards and the ISO 9000 
standards are complementary. The two main purposes of major quality awards such as the 
Canada Awards for Excellence Quality Award and the Malcolm Baldrige National Quality 
Award (MBNQA) are to: 
• promote quality awareness by recognizing outstanding companies in the quality field; and 
• provide a comprehensive framework for companies to plan and assess their quality 

progress and its linkage to business objectives. 

The ISO 9000 standards, by contrast, are designed to provide customers with confidence that 
a supplier's quality system meets certain requirements that are almost universally accepted as 
the minimum that a sound quality assurance system should have. 

The awards criteria are broader in scope than ISO 9001/2: 

7-  182 



a 

Quality in Action: ISO 9000 as a Basis for Continuous Improvement • 
• They go beyond quality assurance to deal with how the compan.y identifies customer 

• needs and achieves customer satisfaction and loyalty. They ask what procedures the 
• company uses to track its quality and organizational effectiveness, over time and in 

• comparison with competitors. Whereas ISO 9001/2 require that employees have adequate 
training, award criteria deal with the broader scope of human resources and how it 
enables employees to reach their full potential in contributing to the company's success. • 

• • They include achievement of results in areas such as customer satisfaction, product' 

• quality, employee involvement and business results. 

The ISO 9000 standards define the specifications of a quality system that are suitable for 
• contractual and third-party registration purposes. The broader quality awards criteria are 
• intended to measure broader achievements and are unsuitable for such purposes. While the 

• ISO 9000 standards are narrower and perhaps less exciting than the awards criteria, they are 
highly relevant to them. A company that does not meet ISO 9001/2 requirements would not 
score well in an evaluation using the awards criteria. 

• Comparison of the quality award criteria with the ISO 9001/2 standards (to which a company 

• can be registered) results in the conclusion that, although the ISO 9000 standards and the 
awards serve different purposes, they are complementary and represent different milestones 
on the quality journey. The situation becomes more complicated when ISO 9004 is entered 

• into the equation. The ISO 9004 series goes well beyond ISO 9001/2 to encompass many of the 
• broader quality management concepts on which the quality awards are based. 

• 
In considering the usefulness of quality awards and standards, one should keep in mind that 

• the ultimate judge of quality is the customer. Both ISO 9000 registration and the quality 
• awards are only indirect measures of quality performance. 

• Capability to measure progress: The ISO 9001/2 standards and the quality awards 
programs provide companies with standardized systems for independent assessment. For 

• ISO 9001/2, the assessment outcome is the number of major and minor non-compliances, i.e., 
• basically pass/fail. The award programs use numerical scoring systems, with points allocated 
• to each major category of criteria. ISO 9001/2 and the award programs also have defined 

assessment methodologies and assessor training programs. For ISO 9004, however, there is 
no commonly agreed upon rating system, assessment methodology or assessor training a 	standards. 

• Use of the quality award criteria is much less widespread than is ISO 9001/2. This is due, to a 

• great extent, to the market forces favouring ISO 9000 registration. Also, the award programs 
were not designed to work with large numbers of companies. There is no large-scale 

• infrastructure of assessment organizations or widely recognized milestones of achievement, 
a • 
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short of being an award winner. The National Quality Institute (NQI), with support from 
Industry Canada, has taken steps to broaden the use of the Canada Awards for Excellence 
Quality Award. The NQI has published its Roadmap to Quality and developed a Quality 
Fitness Test to get more companies involved in assessing their quality progress. 

There are a number of regional award programs that are based on national program criteria. 
Le Mouvement québécois de la qualité, for example, has developed Le Qualimètre — a TQM-
based assessment and awards program that uses criteria very similar to those of the MBNQA. 
The Qualimètre is based on a four-step approach that progressively broadens the use and 
scope of the assessment. It is both an award and an accreditation program. Lockheed Martin 
Electronic Data System Canada (formerly Paramax Systems Canada) has several years of 
experience in using the MBNQA criteria and is now using the Qualimètre for tracking its 
TQM progress. The company also requires its suppliers to pursue ISO 9000 registration and 
encourages them to adopt the Qualimetre. 

The table below provides a comparison of the ISO 9001/2 standards and North American 
national quality awards as quality assessment frameworks: 

COMPARISON OF ISO 9000 AND NATIONAL QUALITY AWARDS 
AS QUALITY ASSESSMENT FRAMEWORKS 

NATIONAL ISO 9001/2 	 ISO 9004 QUALITY AWARDS 

Scope of criteria 	quality assurance 	quality management 	quality management 
and excellence 

operational results 

Rating system 	 pass/fail 	 none 	 point system 

number of 
nonconformances 

Assessment method/ 	ISO 10011 standards 	none 	 national programs for 
Assessor training and 	for auditing 	 assessment methods 
certification 

	

	 and assessor training 
national systems for 
registrar accreditation 

Geographic reach 	international 	 international 	 national   
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• 
• Below, we summarize the criteria for the Canada Awards for Excellence Quality Award and 
• the Malcolm Baldrige National Quality Award (MBNQA). We have not attempted to provide 
• detailed comparisons of the awards criteria and the ISO 9000 standards since the detailed 

scope of each is subject to interpretation. Complete descriptions of the criteria are available 
from the National Quality Institute (Canada) and the National Institute for Standards and 

• Technology (U.S.), both of which are listed in Appendix A. 

• THE CANADA AWARDS FOR EXCELLENCE QUALITY AWARD 

1.0 Leadership: examines the role of senior management in developing and implementing 
• the strategic plan and leading the quality process. It includes strategic direction (planning 
• and implementation) and leadership involvement. Indicators are based on senior management 
• effectiveness, level of organizational understanding and organizational effectiveness. 

• 2.0 Customer Focus: deals with how a company identifies, meets and possibly exceeds 111 	customer needs and expectations. It includes determining customer needs and converting 
• them to requirements, managing customer relationships and measuring customer 
• satisfaction. Indicators are based on customer satisfaction, confidence and loyalty. 

• 3.0 Planning for Improvement: deals with improvement planning and its linkage to 
• strategy and measuring progress. It includes the development process and content of the 
• improvemént plan and assessment of quality progress. Indicators deal with effective 
• deployment of the improvement plan and how the planning process is evaluated and 

improved. 

• 4.0 People Focus: examines how the human  resources function is linked to strategy. 
• Indicators are based on employee satisfaction and involvement, and training effectiveness in 
• contributing to organizational objectives. 

5.0 Process Optimization: deals with how the company's work is organized into processes 
• and how processes are monitored, controlled and improved. It includes process definition, 
• control and improvement. Indicators are based on proçluct and process quality, information 
• management and continuous improvement activities. 

a 6.0 Supplier Focus: deals with the organization's relationships with its suppliers, 
• including use of alliances, sharing information, quality improvement and new product 
• development. Indicators are based on quality of supplier products and the custom.  er-supplier 
• relationship's impact on continuous improvement. 
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Outcomes: The ultimate outcomes are: customer satisfaction, employee satisfaction, 
supplier satisfaction and investor satisfaction. This is not a separate category, and these 
outcomes are included as indicators within other categories. 

THE MALCOLM BALDRIGE NATIONAL QUALITY AWARD 

1.0 Leadership: examines senior management involvement in leading the company's 
quality process, integration of quality values into the overall management process and 
corporate responsibility. It includes senior executive leadership, management for quality, and 
public responsibility and corporate citizenship. 

2.0 Information and Analysis: deals with how information is used to maintain customer 
focus and improve quality and competitive performance. It includes the scope and 
management of quality and performance data, competitive comparisons and benchmarking, 
and analysis and uses of company-level data. 

3.0 Strategic Quality Planning: examines the planning process and how quality and 
operational performance objectives are integrated into the company's strategic plan. It looks 
at the planning process and how plans are implemented. Both short-term (one to three years) 
and long-term (three years or more) planning are covered. 

4.0 Human Resources Development and Management: deals with enabling the work 
force to realize its full potential in contributing to quality and performance objectives and the 
contribution of the company's environment to personnel and organizational success. It 
includes human resources management, and employee involvement, education, performance, 
recognition, well-being and satisfaction. 

5.0 Management of Process Quality: examines how design, production and delivery 
processes are managed to ensure that requirements are met and how performance is 
continuously improved. It includes design and introduction of quality products and services; 
management of production, delivery, service, business and support processes; supplier quality; 
and quality assessment. 

6.0 Quality and Operational Results: examines the company's achievement levels and 
trends in quality, operational performance and supplier quality. It includes product and 
service quality results, company operational results, business and support service results, and 
supplier quality results. It involves comparison of the company's performance with 
competitors. 

• 

a 

a 

a 
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7.0 Customer Focus and Satisfaction: deals with the company's relations with 
customers, including determining customer needs and satisfaction levels, as well as the level 
achieved. It includes current and future customer expectations, customer relationship 
management, commitment to customers, determination of customer satisfaction, and 
comparison of customer satisfaction results. 

Bombardier Inc. Canadair's approach to measuring quality progress differs from those based on 
quality awards criteria. The company measures its progress in quality and other areas of business 
performance in relation to objectives set out in its strategic plan. Quality objectives such as those 
related to defect rates, costs and cycle times are incorporated into the company's strategic plan. The 
quality department works with senior management in defining the company's quality goals and 
appropriate measures of performance. Progress toward these goals is assessed periodically and the 
results are used by the quality department and senior management for planning. According to 
Ingeborg Rittweiler, Bombardier Aerospace Group's Quality Assurance Director, the best 
improvement measure for a company is its own performance relative to past performance and 
strategic objectives. 	 
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MEANINGFUL ASSESSMENTS USING THE QUALITY SYSTEM SCORE CARD 
by Michel J. David, Vice President, Quality Assurance, 

Pratt & Whitney Canada Inc. 

The Company 

Pratt and Whitney Canada (P&WC) is a subsidiary of United Technologies Corporation of 
Hartford, Connecticut. Founded in 1928, the company is a leading manufacturer of gas 
turbine engines for aviation and industrial applications. It has a world mandate to design, 
develop, manufacture, market and support turboprop and turboshaft engines, small turbofan 
engines, auxiliary power units and industrial turbines. The company's product range is 
composed of seven engine families used in a wide range of aircraft, including small corporate 
aircraft, regional/commuter transports, mid-sized intercontinental/transcontinental business 
jets and light and medium-sized helicopters. 

The Challenge of Mahing Assessment Data Relevant and Manageable 

You have now completed the major achievement of becoming ISO 9000 registered and don't 
want to rest on your laurels. The quality system is in place, but how do you systematically 
pursue continuous improvement of the system? Your extensive self-assessments, coupled with 
the actual registration, have left you with a good understanding of your strengths as well as 
your weaknesses, but what do you do with it? What is the "big picture"? In conformance with 
the ISO 9001/2 Management Responsibility element, you have a senior management quality 
review coming up in a short while. What do you cover in such a review without getting lost in 
detail, or being so general as to be meaningless? Developing the ISO 9000 system was easy, 
but where do you go from here and what do you use to guide you in your journey? 

The Quality System Score Card 

In order to address all these issues on one 8 1/2 in. x 11 in. piece of paper, Pratt & Whitney 
Canada has developed the Quality System Score Card. The score card gives a comprehensive 
overview of the health of the company's entire quality system, while providing specific 
information on areas requiring further improvement. The score card is structured as follows: 

• ISO 9000 elements are combined in five major areas: 
- management leadership and involvement 
- process and system improvement 
- process management and control 
- quality system support 
- other elements. 
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O  
• • The major areas (functional disciplines, operating units, etc.), based on, company 

structure, are listed horizontally. 

• Each square of the matrix is then assessed as follows: 
blue 	— 	strong 
green — 	satisfactory 
yellow — 	improving 
red 	— weak 
black — 	not applicable. 

• The coding of each square is a subjective assessment, by the quality assurance ei 	department, of the status of a particular ISO 9000 element in that area, based on input 

• from: 
- internal audits 
- ISO registration audit 

• - customer audits • - other input. 

An example score card is shown in Figure 15. The key factors in coding each square are the 
nature and extent of corrective action requests, resulting from the above inputs. Departments 

• that have some pending corrective action requests are rated either red or yellow. Departments 
• having no pending corrective action requests receive a green rating. Departments that have 

• undergone intensive auditing with little or no corrective action needed receive a blue rating. 
When in doubt or when little information is available,-the square should be coded yellow until 
more definitive information is available. • 

• We have avoided a quantitative scoring system, i.e., using several criteria for each square on 
the score card. Such a scheme could reduce the subjectivity of scoring but would utilize 
additional resources and could send the wrong message. The purpose of the score card is 
solely to identify priorities for improvement, not to rate departments or managers. Given that 

• the squares on the score card can number several hundred, a quantitative scoring sysiem 
• could give rise to a major bureaucracy. The qualitative assessment has been well received by 

• departments, primarily because its purpose has been communicated effectively to them. Since 
its implementation, there have been no significant disputes about scoring. Managers are more 

OD 	interested in focussing on improvement. 
O  

This simple yet powerful tool allows scanning across the horizontal to assess the status of any 
particular quality system element covering the complete company. The relative strengths and 
weaknesses of any part of the company with respect to each of the quality elements can be 
evaluated by scanning down vertically. A quick glance at the overall coding pattern gives a 
good "big picture" view of the health of the entire company quality system. 
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Using the Score Card 

After the rush of ISO 9000 registration, it is important to keep employees active and informed 
so that quality system review is seen as continuous improvement as opposed to a one-shot 
deal. The score card is a simple, effective way of communicating quality system status to all 
employees. The Quality System Score Card now provides a road map for future 
continuous improvement efforts. Simple numerical tracking of coding statu.s gives a good 
indication of whether you are moving in the right direction and how quickly you are 
progressing. One of the score card's key benefits is that, unlike audits that tend to only 
identify deficiencies, the score card also highlights areas of strength or outstanding 
performance. During the debriefing of our recent ISO registration maintenance audit, our 
registrar commented that not only had we maintained all quality systems since our initial 
registration but also we had made significant improvements. 

This easy-to-understand single page has now become the guiding document for the annual 
quality system senior management reviews. Senior management is given a good picture of the 
overall quality system, stressing both the strong points as well as the weaknesses. The 
measurement tool is the same as that deployed throughout the organization; consequently 
everyone can own a "piece" of the improvement plan and share in the attainment of company 
goals. 

,  
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WORKING WITH SUPPLIERS TO IMPROVE QUALITY AND PERFORMANCE 
by Gary Sharpe, Quality Director, Messier-Dowty Inc. 

The Company 

Messier-Dowty Inc. (M-D) is dedicated to the design, development, manufacture and logistics 
support of complete commercial and military aircraft l anding gear systems, including ground 
steering systems. The company employs approximately 650 people at its Canadian facilities, 
located in Ajax, Montreal and Peterborough, and 1900 people at its European facilities in 
Gloucester, Velizy (near Paris) and Bidos. M-D supplies landing gear to Bombardier for all its 
business and regional aircraft, including a complete landing gear system for the Global 
Express. Other major customers include Airbus Industrie, Boeing and McDonnell Douglas. 
M-D is part of a 50:50 joint venture incorporating the landing gear divisions of the TI groiip 
and the SNECMA group. 

M-D was the first Canadian aerospace company to become registered to ISO 9001 and is also 
MIL-Q-9858A approved. M-D is D1-9000 approved by Boeing and also has supplier approvals 
from Airbus Industrie and British Aerospace. The company has Transport Canada approvals 
under Chapters 561, 573 and 575 of the Airworthiness Regulations. 

Evolving Customer-Supplier Partnerships 

Messier-Dowty's customers are demandin.g continuous improvement in quality, cost and lead 
time performance. We are taking the same approach with our suppliers as our customers have 
with us — requiring increasing performance and a willingness to work together in achieving 
it. 

In this article, I provide an overview of our supplier management program and describe two of 
its major elements: 
• the supplier auditing program; and 
• our requirements for continuous improvement by suppliers. 

The PRIDE Quality System. Requirements 

In response to an increasingly demanding marketplace, we have developed the PRIDE 
Quality System. Requirements. PRIDE stands for Process Requirements In 
Developing Excellence. M-D applies the PRIDE quality system requirements to its own 
operations, on both sides of the Atlantic, and expects its suppliers' quality systems to be in 
complian.ce with them. ISO 9000 is an important part of this effort, since it provides a 
framework for assessing many aspects of performance. 
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The elements of PRIDE are organized along the lines of ISO 9001, with specific 
• enhancements that are appropriate to our business. These include the parts approval process, 
• aspects of continuous improvement and statistical techniques that go beyond ISO 9001. M-D 
• suppliers are provided with the PRIDE manual, which describes the PRIDE requirements in 

detail. • 
• Auditing Supplier Quality Systems 
gie 
• M-D audits its suppliers based on the PRIDE elements. M-D also encourages its suppliers to 

seek ISO 9001/2 registration, which may be used by M-D in lieu of their scheduled audits. 
M-D may continue to audit ISO 9000 registered suppliers to ensure that the additional 

• PRIDE requirements are being met. Below, I describe the basics of our auditing approach. 

Evaluation Score Sheet: 

M-D auditors evaluate the supplier's operations using the PRIDE elements. The auditors 
score each system element, using specific criteria, on a scale of 1 to 5. We use a maximum of 
72 criteria, with the number associated with each system element ranging from two to 23. Not 
all criteria are relevant to all suppliers. We classify suppliers into over 30 commodity groups 
and provide a matrix in the PRIDE manual to show which criteria apply to each category of 
supplier. The rating scale is shown below: 

1 	 2 	 3 	 4 	 5  
N 	 P 	 A 

Not in Conformance 	Partially Acceptable 	 Acceptable 
(1 - 2) 	 (2 - 3) 	 (3 - 5) 

Major/Critical 	Minor Non- 	Observation 
Acceptable (3.5- 5) Nonconformance 	conformance 	(3 - 3.5) 

Suppliers receive a rating of: 

if any criteria for the specific system element have been rated below 2 (Major or 
Critical Nonconformance). 
if any criteria for the specific system element have been rated below 3 (Minor 
Nonconformance). 
if all relevant criteria for the specific system element have been rated no lower 
than 3 (Observation). 

O  

O 

O  
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Note: During the course of the audit, any criteria within an element that present risk to the 
product delivered to Messier-Dowty, or which may affect lead time, are scored using 
the N/P/A scoring system. 

Critical and major nonconformances are those which may result, respectively, in total 
or partial failure of the quality system element. Minor nonconformances are less 
serious but must also be corrected. 

Supplier Survey Report: 

Suppliers receive a report describing the adequacy of their quality system, in which 
compliance with each of the M-D PRIDE Quality System elements is evaluated in terms of the 
following aspects: 

• Are the manual's written procedures adequate? 

• Do the actual procedures followed conform to requirements? 

• Do the manual's written procedures and actual procedures agree? 

• Is there an adequate continuous improvement plan, and is it being carried out? 

The table below describes the evaluation scheme: 

M/E = 	 CI=  
Rating 	M = Manual 	E = Execution 	Manual/Execution 	Continuous 

Agreement 	Improvement 

Adequate 	Adequate 	Manual and 	 Acceptable plan 

A = 	proc,edures 	evidence that 	execution agree 	and execution 
and forms to 	execution Acceptable meet 	 conforms to 
requirements 	requirements 

Inadequate 	Limited evidence 	Manual and 	 Acceptable plan; 
P = 	procedures 	that execution 	execution only 	execution being 

Partially 	and/or forms 	conforms to 	partially agree 	carried out, but 
Acceptable 	 requirements 	 not to plan 

schedule 

No evidence of 	No evidence that 	Manual and 	 Unacceptable: no 
N = Not in 	procedures, 	execution 	 execution do not 	plan or execution 

Conformance 	forms to meet 	conforms to 	agree 
requirements 	requirements 
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An important challenge for our supplier auditing program is to produce audit results, from 
audits done at different facilities and by more than one audit team, that are directly 
comparable. This can be called "calibrating auditors"; i.e., getting them to score consistently 
from one to another. To accomplish this, we have conducted a number of test audits of our 
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• Auditors base this report on the detailed audit findings. For each PRIDE system element, 
• each of the above four aspects is rated as being: Acceptable, Partially Acceptable or Not in 
• Conformance. 

a In addition to ratings on each quality system element, the supplier receives a rating summary 
as follows: 

• A = Acceptable: 

	

	 All elements rated "A" for Documentation, Execution, 
Manual/Execution agreement and Continuous Improvement. 

• This rating is a minimum requirement for new business. •  
a 	P = Partially Acceptable: Any element rated "P" for Documentation, Execution, 

Manual/Execution agreement and Continuous Improvement. 

• Supplier may not be awarded new business; and carry-over business may be subject to 
• resourcing if the Corrective Action Plan is not acceptable to M-D Quality/F'urchasing. 

a 	N = Not in Conformance: Any element rated "N" for Documentation, Execution, 
• ManualfExecution agreement and Continuous Improvement. 

Business will be subject to resourcing and is dependent on a Corrective Action Plan 
Review with M-D Quality Engineering. 

• The targeted time periods for corrective action are as follows: 

Critical Nonconformances: Immediately • 
• Major Nonconformances: Within two months or an agreed-upon period 

Minor Nonconformances: Within six months or an agreed-upon period 

•  
a 
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own facilities, where M-D auditors from different parts of the company participate in the 
audit and complete the evaluation score sheet independently. We initially found a wide 
variance in quantitative scoring, even among qualified auditors. This pointed out the need for 
specific training in interpretation of findings and scoring. 

Continuous Improvement in Quality and Performance 

In this section, we provide an overview of the principal areas of quality and other performance 
dimensions where M-D expects continuous improvement from suppliers and works with them 
to achieve it. 

Our Supplier Rating System (SRS) uses nine performance measures, dealing with the 
percentage of on-time deliveries, full order quantities, percentage of nonconforming product 
and cost-competitiveness. Suppliers receive reports that compare their performance against 
targets and the relevant commodity group average. Below are two examples of our 
performance measures: 

Number of batches received on time with full order quantity 

Number of batches received + Number of batches outstanding at period end 

Number of batches received less Number of NCRs* received in the period 

Number of batches received 

M-D requires continuous improvement plans from its suppliers, involving the identification, 
implementation and measurement of improvement actions. Such actions are taken to increase 
the effectiveness and efficiency of production processes and business systems throughout the 
supplier's organization in order to provide added benefit to both the supplier and M-D. 

The following minimum measures are mandatory within the supplier's organization: 
• delivery performance; 
• regular analysis of M-D complaints and rejections; 
• total cost of quality; and 
• scrap and rectification costs. 

NCR = Nonconformance record, a sequentially numbered form used to document a product deviation 
and the resultant approved disposition. 
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• 	M-D requires suppliers to report progress on the above measures and to display them, on 
• notice boards, within their own organizations. 

The following improvement projects should also be addressed by the supplier: 
• reduction in costs; 

• • reduction in lead times; • • reduction in inventory; 

a 	• reduction in non-value-added activities; 
• employee participation through teainwork; and 

• • operator self-inspection. 

M-D expects its suppliers to utilize appropriate statistical techniques for process control and 
product acceptance and apply these according to the nature of the product, process or service 

• involved. As a recognition of excellence, M-D intends to award end stamp authority to 
• suppliers who have demonstrated continuous improvement on performance and have met 

control and capability of 1.33 Cpk  on all agreed characteristics. 

• M-D may issue an award of recognition to fully approved suppliers, following a period of 
• evaluation of their products/services. The three-level award system (Gold, Silver, Bronze) is 

based on performance criteria such as demonstration of basic system capability (PRIDE 
criteria), consistently high product quality and performance, and continuous improvement. 

• M-D holds an an.nual North American Supplier Conference to communicate its expectations 

• on quality, performance and continuous improvement to its suppliers and to share best 
practices with them. To underscore the importance of these issues, M-D invites presentations 

• by its major OEM customers. The October 1996 conference, included presentations by 
• BAe/Airbus, Boeing, Bombardier and McDonnell Douglas. The theme of the conference was 

• "Affordability and Teaming to Win." The conference dealt with proactive ways of working 
together to reduce lead times.  and nonconformances; improve first-run capability, processes 

• and praducts; and find mutual cost benefits that can be shared and passed on to the customer 
• (an article on the Affordability and Teaming to Win conference appears on p. 7). 

Conclusion 

The PRIDE quality system requirements, the audit methodology and the other M-D supplier 
management activities described above go beyond basic quality system requirements to place 
a strong emphasis on continuous improvement. Developing the system involved a sigmificant 
investment, for which M-D's quality assurance organization needed and received strong 
support from its senior management. Our goals include not just qualifying suppliers and their 
products but working with them to help them and us get better. Using the system effectively 
will require ongoing efforts by M-D and its suppliers, which we believe represents an 
attractive investment for all parties. 
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a 
Chapter 8 

•

a 
no 14000 STANDARDS FOR ENVIRONMENTAL MANAGEMENT 

SUSTAINABLE DEVELOPMENT AND ENVIRONMENTAL MANAGEMENT a 
• Over the past three decades, public concern about the environmental, health and safety 
• impàcts of industry have grown sigmificantly. Two obvious ways to reduce environmental 

impacts are to downsize industry activity or to add pollution controls to existing processes. 
Because these approaches can result in fewer jobs and/or lower profitability, there has been 

• much debate dealing with apparent trade offs between the environment and the economy 
• among companies, regulators, unions, communities and environmental activists. Fortunately, 
• as we learn more about the relationship between environmental and economic issues, this 

a 	confrontational approach is gradually giving way to a more cooperative one. 

• The concept of sustainable development is based on the idea that economic growth can be 
• achieved while maintaining environmental quality and that long-term economic growth 

• requires maintenance of a sound environment. Part of achieving sustainable development is 
that companies will manage the environmental aspects of their businesses in a careful 
manner, considering both environmental and economic costs and benefits. In this broad 

• context, environment means the natural environment (air, water, land, animals and the 
• health and safety of employees and surrounding communities). •  

The field of environmental management has developed in a manner somewhat similar to that • of quality management. Early efforts focussed mainly on hardware for preventing pollution by 
• end-of-pipe elimination or in remediating polluted sites. In recent years, there has been 
• growing emphasis on preventing environmental impacts by modifying and controlling 

• industrial processes. This reflects the major trend in environmental management toward 
pollution prevention rather than end-of-pipe pollution control and after-the-fact remediation. 
The new emphasis is on prevention of problems rather than fixing them after they occur. 

• The ISO 14000 series of standards are being developed to assist sustainable development by 

• ensuring that companies have effective enl:Tironmental management procedures and to 
provide companies, communities and reg-ulators with a common basis for assessing and 
communicating environmental performance. The principal customers for environmental 

• management systems and their needs are shown in the table on page 202. Effective 
• environmental management will benefit each of these groups. 

a •  
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emwee. 

Although aerospace and defence firms have a relatively lighter impact on the 
environment than sectors such as chemicalg, steel and mining, many firms have 
process-specific environmental issues to deal with. For example: 

• Degreasing, painting, electroplating and other surface treating processes, conducted by 
manufacturing and repair and overhaul facilities, generate air emissions and solid and 
liquid waste that must be handled properly. 

• Emissions from some processes must be monitored and reported. In some cases, pollution 
control equipment is used to remove polhitants from effluent streams. 

• Engine testing requires storage and handling of aviation fuel, necessitating procedures to 
prevent spills, explosions and excessive air emissions. 

• In some jurisdictions, environmental site audits (to assess environmental liabilities) are 
needed periodically or when facilities are either built, decommissioned or change 
ownership. 

• Some aerospace products and processes, e.g., fire extinguishers, foam insulation and 
degreasin.g operations, use chemicals that either deplete stratospheric ozone (increasing 
ultraviolet radiation at ground level), increase low-altitude ozone (contributing to smog 
formation) or contribute to global warming. 

• Even non-manufacturing companies, such as those involved in software development or 
systems integration, have some environmental impacts. For example, offices prod-uce solid 
waste that has to be disposed of or recycled. 

The aerospace and defence industries' ultimate customers, operators of aircraft 
and defence systems, are significant users of energy and natural resources, as well 
as producers of air and water pollution. Key environmental issues facing the industry 
are fuel efficiency, materials recycling, and noise and emissions from aircraft as well as from 
airports and maintenance facilities. The North American industry spends over $10 billion per 
year on fuel, representing 10 percent of its operating budget. Fuel efficiency has been its top 
priority for several years. Fuel efficiency, air emissions and noise level performance have been 
improved through changes to aircraft and engine design. Aircraft maintenance plays an 
important role in maximizing environmental performance. Considerable progress has already 
been made but there is room for further improvements. Another area, with which aircraft 
operators and manufacturers vvill be increasingly concerned, is the disposal of 
decommissioned aircraft and parts. 
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• 
• Environmental issues have become a major priority for military organizations. DND and DoD 
• are changing their procurement methods and operations in order to reduce environmental 

• impacts. For example, procurement managers are beginning to consider total life cycle 
environmental costs associated with aircraft, ships, land vehicles, weapons systems and other 
equipment. The life cycle approach may cause them to increasingly push environmental issues 

• onto their suppliers, i.e., requiring materials substitution and other design changes to lower 
• the environmental impact of weapons systems. 

SCOPE AND PURPOSE OF ISO 14000 

• The ISO 14000 standards are being developed to help companies and countries 
• achieve sustainable development. The standards will initially be used on a voluntary 

• basis; however, there is a real possibility that they could be required by government 

a 	- regulators and used in contractual situations. Regulators in several industrialized countries 
already require or encourage companies to have a formal environmental management system 

• (EMS) in place. The ISO 14000 standards will provide the means of agreeing on what are the 
• minimum requirements of an effective EMS. 

O  
The underlying philosophy of ISO 14000 is similar to that of ISO 9000 and other approaches 
to TQM; that is, it involves a systems approach to producing desired results. Whereas 

• ISO 9000 is concerned with the quality of intended products, ISO 14000 deals with the 
• unintended by-products of the organization and their resulting effects on environmental 

• quality. The stakeholders who can be affected by a company's environmental performance 
include its direct and downstream customers, surrounding communities, employees, • shareholders and regulators (who have a responsibility to protect the environment). The 

• ISO 14000 standards place environmental responsibility directly in the hands of management. 
• They call for the assigmment of primary responsibility for the EMS to a senior level individual 

• "with sufficient authority, competence and resources." Like ISO 9000, ISO 14000 includes 
mechanisms for continuous improvement. 

• The ISO 14000 standards will not replace environmental regulations, just as ISO 9000 does 
• not replace product quality standards or the contractual arrangements between customers 

• and suppliers. They will provide a degree of assurance to the company and external 
stakeholders that performance criteria specified by environmental regulations will be met and a 	may, themselves, be specified in environmental regulations and contracts. 

a 
• Proponents of ISO 14000 believe that companies will achieve a number of benefits from 

ISO 14000, including: 
• enhanced public image; 
• increased confidence of customers, employees, insurance firms, investors and the public; 

O 
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• reduced costs of non-compliance due t,o fewer environmental liabilities and demonstration 
of due diligence; and 

• reduced costs for raw materials, energy, waste management and pollution control. 

Because the degree of rigor and enforcement of environmental regulations varies among 
jurisdictions, the environment is an important international trade issue. ISO 14000 will 
address the desire of companies to have a level playing field with respect to environmental 
quality, much like ISO 9000 does for product quality. 

The table below summarizes the various "customers" of environmental management systems 
and their needs. 

ENVIRONMENTAL MANAGEMENT SYSTEM CUSTOMERS AND NEEDS 

CATEGORY OF CUSTOMER 	NEEDS 
Understand, minimize environmental liabilities and damages 
that could adversely affect growth, profitability and survival 
of the company 

Cost-effective environmental management 

Good relations with external stakeholders 

Level playing field with respect to competitors in other 
jurisdictions 

Employee health and safety 

Quality of work life 

Job security and remuneration 

Preventing/rainimizing the environmental, health and safety 
impacts from company operations and processes 

Economic value of company to community 

Regulations that meet stakeholder needs 

Companies have systems in place to: 
- 	comply with regulations 
- 	achieve optimum results 
- 	improve continuously 

Understanding, minimizing the environmental liability due 
to suppliers' products 

Ongoing product supply 

Understanding, minimizing the environmental liabilities 
created by use of products 

Ongoing demand for products 
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THE PROPOSED ISO 14000 STANDARDS 

ISO 14001 was modelled primarily after the U.K. standard, BS 7750, but has also been 
influenced by other schemes such as the European Eco-Management Audit Scheme and the 
Responsible Care' program, developed by the Canadian Chemical Producers Association and 
adopted by similar associations in the U.S. and several other countries. Pilot programs, 
conducted in 1993, indicated that these programs are compatible and that a single, widely 
accepted international standard is attainable. 

The Standards Council of Canada (SSC) has been representing Canada to ISO Technical 
Committee (TC207) and is responsible for sale of the standards in Canada. The SCC will 
accredit EMS registrars, environmental auditor certification organizations and environmental 
audit course suppliers. The SSC is working internationally to ensure mutual recognition 
among ISO 14000 accreditation organizations. It is responsible for the secretariat of ISO 
TC 207 and has delegated some operational responsibilities to the Canadian. Standards 
Association (CSA). Environmental groups such as the Canadian Environmental Auditors 
Association have been working with the CSA on these initiatives. 

Below is a summary of the current and proposed ISO 14000 standards. Release of the 
standards began in 1996 with ISO 14001, for environmental management systems (EMS). 
The ISO 14010, 14011 and 14012 standards, dealing with environmental management system 
auditing, were issued soon after. The other ISO 14000 standards will be issued three to four 
years from now. 

Environmental Management Systems: 

ISO 14001:1996 	Environmental management systems — 
use. 

Specification vvith guidance for 

General guidelines on Principles, ISO 14004:1996 	Environmental management systems — 
systems and supporting techniques. 

Environmental Auditing: 

ISO 14010:1996 Guidelines for environmental auditing — General principles 

ISO 14011:1996 	Guidelines for environmental auditing — Audit procedures — Part 1: 
Auditing of environmental management systems. 

ISO 14012:1996 	Guidelines for environmental auditing — Qualification criteria for 
environmental auditors 
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Environmental Labeling: 

ISO/CD 14020:1995 Environmental labeling - General principles 

ISO CD 14021:1995 Environmental labeling - Self declaration - Environmental claims - 
Terms and conditions 

ISO CD 14024:1995 Environmental labeling - Practitioner programs - Guiding prin.ciples, 
practices and certification procedures of multiple criteria (Type 1) 

Life-Cycle Assessment: 

ISO/DIS 14040 	Environmental management - Life cycle assessment - principles and 
framework 

ISO/CD 14041:1995 Environmental management - Life cycle analysis - Inventory analysis 

Environmental Aspects in Product Standards: 

ISO guide 64 	Guide for the inclusion of environmental aspects in product standards 

General: 

ISO/DIS 14050 	Environmental Management - Vocabulary 

WHO IS USING ISO 14000? 

The chemicals, materials and energy process industries have widely adopted ISO 9000 and are 
well positioned to adopt ISO 14000. Some companies, such as 3M, Kodak, AlliedSignal, Exxon 
and GE have been incorporating the evolving standard into their programs. In Canada, 
Ontario Hydro has developed an EMS that includes the major elements needed for ISO 14001. 

The North American chemical industry has been using a broad approach to environmental 
management, called Responsible CareR  (developed by the Canadian Chemical Producers 
Association and adopted in the U.S. and several other countries), that covers most if not all of 
ISO 14001. Responsible Care R  is broader than the ISO 14001 standard and encompasses a 
TQM approach to environment, health and safety protection. It emphasizes the complete 
"cradle to grave" life cycle of products, process safety, pollution prevention, accountability to 
all stakeholders, team work and continuous improvement. 
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• A survey of U.S. firms by Arthur D. Little (reported in "Chemical Companies Take Wait-and-
s, 	See Stance Toward ISO 14000 Standards," Chemical & Engineering News, April 1, 1996) 
• • found that about half of 115 firms were using ISO 14001 to assess their EMS. Many of the 

others planned to do so in the next 18 months. Sixty-two percent believed that certification 
will be important to their business whereas only 17 percent saw third-party verification as 

• essential. In the U.K., only about half of responding firms plann.ed to seek third-party 
certification. 

a 
At the beginning of 1996, about 60 European firms had become registered to a competing 
environmental standard, the European Eco-Management and Audit Scheme (EMAS). This 

• approximately equals the number of U.K. firms registered to BS7750, ISO 14001's precursor. 
111 	Companies that have implemented BS 7750 report improvements in productivity, waste 

• reduction, declining paperwork and previous regulatory conflicts. EMAS goes-beyond 
ISO 14001, to include continuous performance improvement, public reporting and specific a technology usage. The principle of continuous improvement of the environmental 

• management system is included in ISO 14001 but there are no specific requirements for 
• environmental performance improvement. •  

The background research for this handbook did not identify any aerospace/defence companies 
who were using the IS014000 standards, as of late 1996. One of the aerospace and defence 

• industries' major customers is facing major environmental  issues of its own. Recent federal 
• legislation requires that DND and other federal government departments must have 

• environmental management systems in place by 1997. DND is developing its EMS using the 
ISO 14001 standard as a guide. 

' 4. 
Some observers do not think that ISO 14001 will catch on as rapidly as ISO 9000, since there 

• will not be pressure by customers on suppliers to adopt it — the cascade effect like the one 

• that is pushing ISO 9000 through the supply chain will not be as strong. Others believe that 
ISO 14001 will gain the same kind of momentum as ISO 9000 and that it may become as 
important to doing business as is ISO 9000. This will include customers requiring certification 

• (see, for example, Brian Rothery, "Will ISO 14000 Catch On," Manufacturing Engineering, 
• Noveinber 1995). 

Some government agencies and companies are beginning to formulate positions on 
recognition of ISO 14001. European lawmakers plan to make it the framework for mandated 
environmental management systems and audits. The U.S. Department of Energy has made it 
a requirement that specific contractors be certified to ISO 14001 by 1997. Like ISO 9000, the 
ISO 14000 standards deal with inanagement, not performance. They do not set performance 
levels. Joel Charm of AlliedSignal says that while ISO 14001 provides the core requirements 
of an EMS, many other aspects are needed ("Chemical Companies Take Wait-and-See Stance 
Toward ISO 14000 Standards," Chemical & Engineering News, April 1, 1996). 
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W. Ross Stevens, manager of corporate affairs at DuPont, states that performance standards 
will be set by individual countries, not internationally. 

Companies are hoping that demonstrating compliance with ISO 14001 will lead to a decreased 
regulatory reporting and inspection burden, analogous to ISO 9001/2 leading to fewer 
customer audits. The U.S. Environmental Protection Agency has hinted that it would cut the 
number of site audits for companies that become registered to the standard. Another 
anticipated benefit is international consistency in environmental standards, which would be 
particularly useful to companies operatin.g in more than one country. Whether these benefits 
will occur in the near future remains to be seen. It will take some time to align government 
regulatory requirements at all levels and in different countries with ISO 14000. 
Environmental auditing is a difficult issue, since regulatory bodies have differing 
requirements and the issues of liability and disclosure must be dealt with. 

ISO 9000 registrars are expanding capabilities to undertake ISO 14000 registration and will 
perform surveillance audits once a year. In the U.S., the registrar accreditation situation for 
ISO 14001 is evolving rapidly, with the Registrar Accreditation Board (RAB) and American 
National Standards Institute (ANSI) agreeing to jointly develop an accreditation program. A 
joint task force has been formed by ISO to examine the possibility of integratin g ISO 9000 
and ISO 14000. This could, in principle, create a situation where ISO 1400 would be necessary 
to obtain or maintain ISO 9001/2. The likelihood of this happening, however, is not clear at 
this time. 

OVERVIEW OF ISO 14001 

Companies that have implemented ISO 9001/2 will find many similarities between the quality 
standards and ISO 14001.The principle elements of the standard are summarized below. The 
complete text of the standard is available from the Standards Council of Canada. 

Environtnental Policy: This should be appropriate to the nature of the business and 
include compliance with all relevant regulations as well as a commitment to continuous 
improvement. As with a quality system based on ISO 9000, an ISO 14001-based EMS needs 
management commitment and leadership. The policy must be endorsed by management. This 
will require someone in senior management to act as a "champion" for environmental 
management. This person should have authority, visibility and ability to marshal substantial 
resources. 

Environmental Planning: This involves determining the ènvironmental aspects of the 
operation and associated legal requirements. Environmental objectives should be defined and 
programs for achieving them established. 
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• Implementation and Operation: The structure and responsibilities for environmental 
• management must be specified. The ISO 9000 approach to formal, documented procedures is 

• also used in ISO 14001. The system may be documented in an environmental manual, or 
maintained in sections of the company's quality or operatic).  ns manual. The system must 
provide document control, similar to ISO 9001/2: Employees whose duties may significantly 

• affect the environment, must receive appropriate training. The company should have a 
• training program that includes evaluation of training needs, training delivery and training 

• records management. There is a specific requirement for training of' auditors. 

a Monitoring and Corrective Action: Company activities that have actual or potential 
• environmental impacts must be monitored regularly, and the impacts must be measured. The 
• company must maintain environmental records, similar to quality records, covering 

• environmental monitoring, calibration of monitoring equipment, training records, audit 
results, etc. As is the case with quality records, there are requirements concerning the • identifiability, traceability, storage and accessibility of environmental records. Environmental 

• nonconformances, i.e., where performance does not match requirements, must be subject to a 
• corrective action process. The EMS must be audited periodically to ensure that it conforms to 

• the standard and is operating effectively. The standard states that "audits may be performed 
from within the organization or by external persons" to ensure conformance. 

• Management Review: Senior management must review the EMS to ensure its effectiveness 
• and identify opportunities for continuous improvement. As with quality system management 

• reviews, the EMS reviews must be documented. 

111111 	IMPLEMENTING ISO 14001 IN YOUR COMPANY 

• There is very little experience currently available on implementing ISO 14001; however, the 

• process should have many similarities to ISO 9001/2 implementation. As shown in the table 

C
on page 210, most of the ISO 14001 elements are analogous to those of ISO 9001/2. Because of 
the similarity of principles and methods between the two standards, companies that already 

• have an ISO 9000 quality system should be able to draw extensively on their quality system 
• experience when implementing ISO 14001. Prior to the release of the ISO 14001 standard, 

• some companies registered to ISO 9001/2 were considering including their environmental 
procedures within their quality system documentation. It may be feasible to create a single 
management system that encompasses product and service quality and environmental quality 

• and complies with the relevant quality and environmental standards. 

TC 207 has prepared a guidance document for ISO 14001, outlining steps for planning and 
implementing and maintaining an environmental management system. These steps are 

• summarized below. 

a 
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How to start (Guidance Element 4.1): The first step is to obtain management commitment 
for an environmental management system that enables the company to comply with all 
relevant regulations, effectively manage environmental liabilities and continuously improve 
environmental performance. Next, do an initial review looking at legislative and regulatory 
requirements, environmental aspects of the company (operations, facilities, emissions, 
impacts and liabilities), existing management policy and practices, operational practices and 
information on current degree of compliance with regulations. 

Define purpose/establish plan (Guidance Element 4.2): At this stage, you will need to 
further identify the environmental aspects of the company's business and evaluate their 

•  impacts. This must be done initially to provide input to the formulation of an environmental 
policy and objectives, but will actually be an ongoing process. Establish an environmental 
policy that includes the overall philosophy and environmental objectives of the company. 
Useful documents for policy formulation include the United Nations Rio Declaration on 
Environment and Development, International Chamber of Commerce Business Charter for 
Sustainable Development and the Canadian Chemical Producers' Association Responsible 
Gare' Policy. The next step is to create strategic and operational environmental plans that are 
consistent with the environmental policy. Such plans define an environmental program and 
will include both short-term and long-term objectives, responsibilities, activities, schedules 
and budgets. For environmental management to be properly integrated within overall 
business management, the environmental policy and plans should be consistent with other 
cornpany policies and plans. 

Implement the plan (Guidance Element 4.3): A number of environmental management 
system elements should be implemented and aligned with the entire organization. These 
include resources, responsibilities, organizational structure, training, documentation, records, 
employee appraisal, reward and recognition and measuring/monitoring systems. 
Documentation of environmental policies and procedures and management of environmental 
records can be accomplished using an approach similar to that used for the corresponding 
elements of the quality system. Training and communications are needed to ensure that all 
employees understan.d the importance of environmental management, the company's 
environmental policies, objectives and procedures, and their environmental responsibilities. 
They may also need technical training to carry out their responsibilities. 

While implementing the EMS, opportunities for improvement will be identified. Companies 
should start by eliminating environmental liabilities and minimizing wastes. As with quality 
improvement opportunities, some environmental opportunities will be suitable for short-term 
action while others will require further evaluation. 

Although effective environmental management has the potential to produce financial as well 
as environmental benefits, it requires an initial investment in time and effort by employees 

,oe,e,fe,',/e.5,%mr,,rer,ee4mme,.ex'e,,ee.e.eYeqnemerm,,m,, 
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throughout the organization. As with quality improvement efforts, success will depend on the 
• necessary management support being available. Companies can leverage their own resources 
• through cooperation with customers, suppliers, industry associations and government. 

• 
Measure and assess (Guidance Element 4.4): This involves monitoring environmental 

• performance against objectives and is analogous to monitoring attainment of quality 
• objectives. It will include determining the extent to which: • • the EMS is working as designed; and 

• • it is achieving the intended environmental performance objectives. 

It can involve ongoing monitoring (e.g., air, water quality) and periodic environmental audits 
• of procedures and documentation. Environmental performance evaluation should be 
• conducted by front-line employees who continuously monitor the company's processes to 

• ensure that environmental standards are being met. Documented procedures should be used 
to ensure the accuracy and reliability of the data collected. • 

• Review and improve (Guidance Element 4.5): Although each of the previous phases is 
• necessary for continuous improvement, this phase is where it happens. Senior management is 

• responsible for reviewing the EMS, including the plans and performance data collected in 
previous phases as well as the external factors that could necessitate making changes to the 

• environmental system. External factors include changes to legislation and expectations of 
• surrounding communities. The results of the management review should be documented and 
• necessary corrective and preventive action identified. Management should subsequently 

ensure that these actions are taken and review the outcomes. 

• Implementation costs and time: Available data on the cost of ISO 14001 implementation 
• are scarce; however, the costs will likely be similar to ISO 9001/2. The experiences of 
• companies in the U.K. with the BS7750 and eco-audit environmental management systems 

indicate that implementation is both time-consuming and documentation intensive (see 
Robert Peach, The ISO 9000 Handbook, 2nd ed., Fairfax, VA: Irwin Professional Publishing, 

• 1995). A company's costs will depend on the extent to which it already has an environmental 
• management system and will probably take six to 14 months. As with ISO 9000, ISO, 14000 is 
• not the final step in the journey. It does not signify environmental excellence. 

a 

a 

a 
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RELATIONSHIP BETWEEN ISO 14001 AND ISO 9001 

Note: Correspondence among some elements is approximate. Readers should consult ISO 9001 
and ISO 14001 documents for rigorous explanation of the elements. 

ISO 14001 ELEMENT 

4 	Environmental Policy 

4.2 	Planning 
4.2.1 Environmental Aspects 
4.2.2 Legal and other Requirements 
4.2.3 Objectives and Target 
4.2.4 Environmental Management Program 

4 	Implementation and Operation 
4.3.1 Structure and Responsibility 

4.3.2 Training, Awareness and Competence 
4.3.3 Communication 
4.3.4 Environmental Documentation 
4.3.5 Document Control 
4.3.6 Operational Control 

4.3.7 Emergency Preparedness and Response 

4.4 	Checking and Corrective Action 
4.4.1 Monitoring and Measurement 

4.4.2 Nonc,onformance and Preventative 
Action 

4.4.3 Records 

4.4.4 Environmental Management System 
Audit 

4.5 	Management Review 

CORRESPONDING ISO 9001 ELEIVIENT 

4.1.1 Quality Policy 

4.2.3 Quality Planning 
4.4.5 Design Output 
4.4.4 Design Input 

4.1.2.1 Responsibility and Authdrity 
4.1.2.2 Ftesources 

4.1.2.1 Responsibility and Authority 
4.1.2.2 Resources 
4.1.2.3 Management Representative 

	

4.18 	Training 
4.4.3 Organizational and Technical Interfaces 

	

4.2 	Quality System 

	

4.5 	Document and Data Control 

	

4.6 	Purchasing 

	

4.7 	Control of Customer-supplied Product 

	

4.9 	Process Control 
4.13 Control of Nonconforming Product 

	

4.14 	Corrective and Preventive Action 

	

4.10 	Inspection and Testing 

	

4.11 	Control of Inspection, Measuring and 
Test Equipment 

4.13 Control of Nonconforming Product 

	

4.14 	Corrective and Preventive Action 

	

4.8 	Identification and Traceability 

	

4.16 	Control of Quality Records 

	

4.17 	Internal Quality Audits 

4.1.3 Management Review 

t• 
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THE ISO 14040 STANDARD FOR LIFE CYCLE ASSESSMENT 

• Life Cycle Analysis (LCA), covered by the ISO 14040 standards, provides a comprehensive 

• framework for assessing the environmental effects of a product or process. Regulatory 
programs in most countries are paying increasing attention to LCA. The U.S. EPA and a 	Environment Canada are encouraging its use. As procurement managers place more emphasis 

• on the total life cycle costs of aerospace and defence products, this standard will become 
• increasingly relevant to the industry. 

• LCA takes a systems approach to analyzing environmental effects, consisting of three phases: • • inventory analysis; 
• • impact analysis; and 
• • improvement analysis. 

Inventory analysis considers all inputs and outputs associated with a product, including raw 
• materials and energy used, water effluents, air emissions, and solid wastes. These inputs and 
• outputs are inventories for the entire life cycle of the process, including raw materials 
• acquisition, manufacturing, distribution, use and disposal, recycling or reuse. Impact analysis 

attempts to identify, and possibly quantify, the relevant environmental impacts, including a health and safety. Improvement analysis involves finding ways to supply the product with 
• fewer environmental impacts. Only the first phase, inventory analysis, has been developed 
• rigorously to date. LCAs can cost up to $100 000, depending on the product and degree of 
1111 	rigor used. 

• LCA will enable aerospace and defence firms to: • • have a better understanding of the environmental impacts of their products and processes 
• (useful for corporate planning and discussions with external stakeholders); 

• • reduce environmental impacts at both the design and production stage; and 
• help their suppliers and customers achieve similar benefits. 

• For many aerospace and defence products, their greatest environmental impacts will occur 
• during use, often as part of a more complex system such as an engine or complete aircraft. 
• These impacts will be attributed directly to the equipment operators rather than the 

aerospace/defence firms themselves. For example, the main environmental impacts associated • with aircraft parts and subassemblies may be their incremental effect on aircraft fuel 
• efficiency, and impact of disposal or recycling of used parts and consumables. Clearly, this 
• provides an opportunity for suppliers to add value by improving their products' contributions 
• to their customers' environmental performance. This may be possible through changes to 

product design or materials used. From a quality perspective, product quality can. be  redefined 
• to include environmental performance. • •  

„  
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EVERYONE HAS A ROLE IN ENVIRONMENTAL MANAGEMENT 

This is exactly the same situation as with product and service quality. Specialists must be at 
the centre of the effort but outstanding performance requires that every employee believe in 
the objectives and know how to contribute. The CEO, in conjunction with the board of 
directors, is responsible for establishing the company's underlying philosophy on 
environmental matters. The CEO and the chief environmental officer or other senior 
management responsible for environment develop the environmental policy. Environmental 
plans are developed by the environmental officer with involvement from other managers. The 
environmental officer will monitor overall performance against these plans, while other 
managers will take responsibility for compliance with external regulations and internal 
procedures. 

Other functions have specific roles to play in the EMS. Marketing should determine the needs 
and expectations of customers with respect to the company's en.vironmental performance. 
Purchasing should identify suppliers' expectations and work with the environmental manager 
to assess suppliers' environmental performance. Finance/accountin.g can assist the 
environment group to track the costs and benefits associated with en.vironmental 
performance, much as they do for the economics of quality. Human resources and the 
environment group can work together to develop and deliver environmen.tal training 	, 
programs and to include contribution to environmental performance within the employee 
performance measurement system. 

For effective environmental management, all employees must place a high priority on 
fulfilling their environmental responsibilities. These go beyond following procedures to 
include identifying problems and suggesting and-participating in improvement efforts. 
Because reducing waste usually reduces cost, many process improvement projects can include 
both quality and environniental performance objectives. Teamwork, motivation, training and 
empowerment should play the same roles in environmental improvement as in quality 
improvement. 
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Appendix A a 

• no 9000  NETWORKING CONTACTS 

Aerospace Industries Association of Canada 
• 60 Queen Street, Suite 1200 
O 	Ottawa, ON K113  5Y7 
• Tel.: (613) 232-4297 Fax: (613) 232-1142 Internet: aiac@fox.nstn.ca ; http://www.aiac.ca  

Alliance of Manufacturers and Exporters Canada 
• (Formerly the Canctclian Manufacturers Association) 
• 75 International Boulevard, 4th Floor 
• Toronto, ON M9W 6L9 

Tel.: (416) 798-8000 Fax: (416) 798-8050 Internet: www.palantir.ca/the-alliance/  a 
• American  Society for Quality Control 
• 611 East Wisconsin Avenue 

• P.O. Box 3005 
Milwaukee, WI 53201-3005, U.S.A. 
Tel.: (414) 272-8575 Fax: (414) 272-1734 Internet: http://www.asqc.org  

• Bureau for Excellence in Durham Region 

• 128 Brock Street South 
Whitby, ON L1N 4J8 a 	Tel.: (905) 665-7944 Fax: (905) 665-8007 Internet: bedr@idirect.com  

a 
• Canadian Standards Association 

• 178 Rexdale Boulevard 
Etobieoke, ON M9W 1R3 

• Tel.: (416) 747-4129 Fax: (416) 747-4292 Internet: http://www.csa.ca/ 

• DND Directorate of Quality Assurance 

• NDHQ, MGen George R. Pearkes Building 
101 Colonel By Drive 
Ottawa, ON K1A  0K2 

• Tel.: (613) 996-5696 Fax: (613) 996-0389 •  
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Federal Aviation Administration 
800 Independence Avenue, S.W. 
Washington, DC 20591, U.S.A. 
Tel.: (405) 954-4374 Fax: (405) 954-4104 Internet: http://www.faa.gov/avr/avrhome.htm  

Industry Canada 
Aerospace and Defence Industry Branch 
235 Queen Street, 6th Floor East 
Ottawa, ON KlA 0115 
Tel.: (613) 954-3269 Fax: (613) 998-6703 Internet: atkinson.bob@ic.gc.ca ; 
http://strategisic.gc.ca/ 

International Organization for Standardization 
1, rue de Varembé 
Case postale 56 
CHY-1211 Genève 20, Switzerland 
Tel.: +41 22 749 01 11 	Fax: +41 22 733 34 30 

Island Quality Association 
Jones Building, 2nd & 3rd Floors 
11 Kent Street 
Charlottetown, PE CIA 7N8 
Tel.: (902) 368-4752 Fax: (902) 368-5994 

Manitoba Quality Network 
123 Main Street, Suite 400 
Winnipeg, MN R3C 1A3 
Tel.: (204) 949-4994 Fax: (204) 945-1646 

Internet: http://www.iso.ch  

Manufacturing Technology Centre Inc. - PRO-Q 
P.O. Box 69000 
Fredericton, NB E3B 602 
Tel.: (506) 453-4500 Fax: (506) 453-3541 Internet: incutech@unb.ca  

Mouvement québéqois de la qualité 
455 Saint-Antoine Street West, Bureau 404 
Montreal, QC 112Z 1J1 
Tel.: (514) 874-9933 Fax: (514) 866-4600 Internet: http://www.qualite.gc.ca  
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• National Institute of Standards and Technology 
• National Centre for Standards and Certification Information 

• Gaithersburg, MD 20899, U.S.A. 
Tel.: (301) 975-4040 Fax: (301) 926-1559 Internet: http://www.nist.gov  

O 	National Quality Institute 
• 2275 Lakeshore Blvd. West, Suite 307 

• Etobicoke, ON M8V 3Y3 
Tel.: (416) 251-76001(800) 263-9648 

• Fax: (416) 251-9131 Internet: http://www.nqi.com  
O  
• Performance Review Institute 

161 Thornhill Road 
Warrendale, PA 15086-7527, U.S.A. 

• Tel.: (412) 772-1616 Fax: (412) 772-1699 Internet: pri@sae.org; http//:www.pri.sae.org 
O  
• Quality Council of Alberta 

10060 Jasper Avenue, Suite 1531 
Edmonton, AB T5J 3R8 

• Tel.: (403) 423-6878/(800) 642-1509 (Alberta only) Fax: (403) 426-1509 
• Internet: http://www.InfoStream.ab.ca/qca/  • 

Quality Council of British Columbia 
3777 Kingsway, Suite 501 

• Burnaby, BC  17511  3Z7 
Tel.: (604) 432-2091 Fax: (604) 435-0734 

O 
Quality Council of Newfoundland and Labrador 
c/o N.ewfoundland Manufacturers' Association 

• 90 O'Leary Avenue, 1st Floor, Parsons Building 
• St. John's, NF A1B 2C7 

• Tel.: (709) 772-3682 Fax: (709) 772-3213 Internet: alliance@nfid.com  

Quality and Productivity Initiative 
• 101 Research Drive 
• P.O. Box 790 

• Dartmouth, NS B2Y 3Z7 
Tel.: (902) 424-3775 Fax: (902) 424-4679 Internet: http://www.innovacorp.ns.ca  
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Society of Automotive Engineers (SAE) 
400 Commonwealth Drive 
Warrendale, PA 15096-0001, U.S.A. 
Tel.: (412) 776-4841 Fax: (412) 776-5760 Internet: http://www.sae.org . 

Software Engineering Institute 
4500 Fifth Avenue 
Carnegie Mellon University 
Pittsburgh, PA 15213-3890, U.S.A. 
Tel.: (412) 268-5800 Fax: (412) 268-5758 Internet: http://www.seLemu.edu  

Standards Council of Canada 
45 O'Connor Street, Suite 1200 
Ottawa, ON IC113  9Z9 
Tel.: (613) 238-32221(800) 267-8220 Fax: (613) 995-4564 Internet: http://www.scc.ca/ 

Transport Canada 
Chief, Standards and Procedures, 
Aircraft Maintenance and Manufacturing 
330 Sparks Street, 2nd Floor 
Place de Ville, Tower C (AARPE) 
Ottawa, ON KlA 0N8 
Tel.: (613) 952-4377 Fax: (613) 952-3298 Internet: menarrj@tc.gc.ca  
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Appendix C 
GLOSSARY OF ACRONYMS 

• ACSEP 	Aircraft Certification System Evaluation Program 

AECMA 	Association Européenne des Constructeurs de Matériel Aérospatial 

• AIAC 	Aerospace Industries Association of Canada 

AMIT 	Aircraft Maintenance Inspection Team 
Ô  
• ANSI 	American National Standards Institute 

a 	AQAP 	Allied Quality Assurance Publications 

• AQS 	advanced quality system 

• ARA.  C 	Aviation Rulemaking Advisory Committee • 
ARD 	Aerospace Resource Document 

• ASQC 	American Society for Quality Control 
a 

BSI • 	British Standards Institute 

•• CAB 	corrective action board 

CAD/CAM 	computer aided  design/computer aided manufacturing 

• CAI 	corrective action item 

a 
• CAR 	corrective action request 

• CEO 	chief executive officer 

• CI 	 continuous improvement 

• CGSB 	Canadian General Standards Board 

CAR 	Canadian Airworthiness Regulation 
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CMA 	panadian Manufacturers Association 

CMM 	Capability Maturity Model 

CNC 	computer numerical control 

CPF 	 Canadian Patrol Frigate 

CSA 	 Canadian Standards Association 

DFA/M 	design for assembly/manufacturing 

DND 	Department of National Defence 

DoD 	Department of Defense (U.S.) 

DOE 	design of experiments 

DQA 	Directorate of Quality Assurance 

EASE 	European aerospace supplier evaluation 

EMAS 	European Eco-Management and Audit Scheme 

EMS 	Environmental Management System 

EPA 	 Environmental Protection Agency 

EU 	 European Union 

FAA 	Federal Aviation Administration - 

FAR 	 Federal Aviation Reg-ulation 

FAR. 	 failure analysis report 

FMECA 	failure modes and effects criticality analysis 

FRACAS 	Failure Reporting Analysis and Corrective Action System 

FRB 	 failure review board 

GIQLP 	Government-Industry Quality Liaison Panel 

IAF 	 International Accreditation Forum 

a 

a 
a 

a 

a 
a 

a 

a 

a 
a 

C - 222 



Quality in Action: ISO 9000 as a Basis for Continuous Improvement 

IATCA 	International Auditor and Training Certification Organization 

• ISO 	 International Organization for Standardization 

• JACG 	Joint Aeronautical Commanders Group 

JAR 	Joint Aviation Requirement 

• JIT 	 just-in-time 

LCA 	life cycle analysis 

• MAP 	Manual of Aerospace Procedures, 

MBNQA 	Malcolm Baldrige National Quality Award 

• MCQI 	Menasco Continuous Quality Improvement Program 

MTBUR 	mean time between unscheduled removal a 
• NADCAP 	National Aerospace and Defence Contractors Accreditation Program 

NASA 	National Aeronautics and Space Administration 

• NATO 	North Atlantic Treaty Organization 

• NCR 	Nonconformance Record 
O • 

NIST 	National Institute for Standards and Technology 

•
a 

NQI 	National Quality Institute 
• 

OEM 	original equipment manufacturers 

• PBM 	process-based management 

PMP 	Performance Management Program 

• PRI 	Performance Review Institute 

• PRIDE 	Process Requirements in Developing Excellence 

•
a 

PV 	 product verification 

QA 	 quality assurance 

a 

a 
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QAR 	quality assurance representative 

QFD 	quality function deployment 

QSE 	quality system evaluation 

QSU 	quality systems update 

RAB 	Registrar Accreditation Board 

SAE 	Society of Automotive Engineers 

SCC 	Standards Council of Canada 

SE! 	 Software Engineering Institute 

SPC 	statistical process control 

SPICE 	Software Process Improvement and Capability dEtermination 

SRS 	supplier rating system 

TQM 	total quality management 

TQMS 	total quality management system 
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INDEX 

• A 

• Advanced Quality Systems 168 
• Deployment to subcontractors 58, 153, 172 
• ISO 9000 as a base 15, 107, 136, 153, 170, 172, 174 

Aerospace Basic Quality System Standard (SAE ARD 9000) 21, 154, 172 
• Content (topics beyond ISO 9000) 156, 158 
• Aerospace Industries Association of Canada (AIAC) 155 
• Aerospace Industries Association (U.S.) 157 

Aerospace market 
• Global 7 
• Defence 10 

•Aérospatiale 152 
Affordability and cost reduction 7, 14, 133, 172 

• Airbus Industrie 152 
• Aircraft Certification System Evaluation Program (ACSEP) 163 

Airworthiness Requirements 161 
• and quality manual 41, 129, 143 
• FAA 156, 162 

Joint Airworthiness Authority, Europe 163 
Links to ISO 9000 9, 163 

• Transport Canada 161 
• Alliance of Manufacturers and Exporters Canada 32 

'Allied Quality Assurance Publications (AQAP) 148 
AQAP-1 66, 132, 149 

• AQAP-4 150 
• AQAP-110, -120 and -130 151 

AlliedSigmal Aerospace Canada 117, 118 
• Case study on integrating ISO 9000 and TQM 140 
• Continuous improvement measures 182 

ISO 9001 from the customer's perspective 144 
Atlantis Aerospace Corporation, case study on corrective and preventive action 89 

• Audits 
• Customer (Second-party) 26, 28, 168, 169, 192 

Environmental 203, 206 a 	Internal 41 
• Surveillance 119 
• Third-party (Registrar) 26, 28, 67, 116 

Authoritative Bodies 27 

ID 

BAe/Airbus 10 
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Band-Aid approach to quality systems 21, 34 
Benefits of ISO 9000 28, 35, 41, 70, 73, 124, 129, 134, 139, 142 
Boeing 

Commercial Airplane Group 9 
D1-9000 10, 15, 34, 152, 156, 170 

Bombardier Aerospace Group 13 
Bombardier Engineering System 10 
Case study on Failure Reporting Analysis and Corrective Action System (FRACAS) 92 
Case study on ISO 9000 implementation 121 
Case study on Product Verification 38 
Measuring quality progress against strategic plan 187 

British Aerospace 152, 157 
British Airways 27 
BS 5750 33 
BS 7750 205 
Building in quality 53 

CAE Aviation Ltd. 
Case study on ISO 9001 experiences 66 
Continuous improvement process 19 

Canada Awards for Excellence Quality Award 185 
Canada's aerospace and defense industries 13 
Capability Maturity Model 166 

( Case studies, background 4 
CE Mark 180 
Certification bodies 27 
Composites Atlantic Limited 75 

Case study on ISO 9001 .implementation 72 
Conformance (conformity) to requirements 29 
Consultants and training organizations 

How to select and work with 104, 109, 116 
Problems with 43 

Continuous improvement 
Benefits 93, 97 
Constraints on 16 • 
Definition 18, 172 
Measurement 58, 91, 97, 181, 187, 188 
Role of ISO 9000 30, 68, 75, 118, 123, 131, 143, 173, 192 

Contract Review (ISO 9001/2 Element 4.3) 77, 78, 80 
Control of Customer-supplied Product (ISO 9001/2 Element 4.7) 81 
Control of Inspection, Measuring and Test Equipment (ISO 9001/2 Element 4.11) 83, 84 
Control of Nonconforming Product (ISO 9001/2 Element 4.13) 83, 84 
Control of Quality Records (ISO 9001/2 Element 4.16) 86 
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Corporate Citizenship 59 
Corrective and Preventive Action 

ISO 9001/2 Element 4.14 57, 84, 86 
Link to continuous improvement 30, 57, 85, 89, 92, 94, 118 

Cost of quality 58, 64, 73, 83, 132, 182, 196 
Counterfeit products 41 
Craftsmanship (Workmanship) 11, 20, 70, 150 
Customer-supplier relationships 7, 14, 58, 59, 79, 81, 93, 192 
Customers 

Complaints 29, 74, 85, 196 
Driving force for ISO registration 32, 141 
Feedback 53, 64, 81 
Focus 18, 52, 74 
Needs and satisfaction 29, 52, 58, 142, 163, 167, 181 
Perspective on ISO 9000 144 
Requirements 3, 23, 29, 49, 52, 78, 122 

Cycle time reduction 34, 56, 94, 133, 187 

D 

• Department of Defense (U.S., DoD) 3, 21, 148, 172 
Department of National Defence (DND) 3, 21 

Article on AF-9000 PLUS implementation 177 
• ISO 9000 requirements for suppliers 151, 172 

Use of ISO 14000 205 • Design 
• Design Control (ISO 9001/2 Element 4.4) 77, 78, 80, 82 
• for assembly/manufacturing (DFA/M) 171 

Robust design 171, 174 
to manufacturing process capability 171 

• Document and Data Control (ISO 9001/2 Element 4.5) 79, 80 
Documentation 

Avoiding excessive and bureaucratie 30, 31, 44, 111 
• Embedding continuous improvement procedures 88 
• Flowcharting (Process mapping) 112, 114 

On-line systems 79, 113 
Procedures and work instructions 40, 111 

• Quality manual 110, 129, 132, 179 
• Software, written templates 113 

Three-tiered system 31, 88, 110, 132 
Who should document 109, 132 

O  

• Employee involvement, empowerment and responsibilities 54, 87, 90, 103, 106, 130, 132, 135 

•  
O 
O 
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in Environmental management 212 
Environmental 

Impact of aerospace and defense companies 200 
Management systems 199, 202 
Monitoring 209 
Planning 206 
Policy 206 
Pressures 15 
Regulations 201 

European 
Aerospace Contractors Association 49 
Aerospace quality standards 157 
Conformity Assessment 180 
Eco-Management and Audit Scheme (EMAS) 205 
Quality award 175 
Use of ISO 9000 27, 33, 151, 154 
Use of ISO 14000 205 

European Union Standards Policy Group 175 

Fell-Fab Products, Case study on ISO 9001 implementation 69 
Firefighting 46, 61 
First article inspection 39, 132, 159, 164 
Functional Managers 66, 101, 103, 109, 116 

G 

GE Aircraft Engines 51, 106, 148 
GE Appliances 114 
Geometric dimensionineand tolerancing 171 
Government-Industry Quality Liaison Panel 168 
Gyotech Inc. 11 

H 

Haley Industries Limited 106 
Case study on employee involvement in ISO 9000 130 

Handling, Storage, Packaging, Preservation and Delivery (ISO 9001/2 Element 4.15) 85 
Hughes Aircraft of Canada Limited 149, 180 

Implementation of ISO 9001/2 72, 99,121, 128, 136, 140, 177 
Building on existing quality system 66, 107, 143 
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Initial assessment 108 
Mistakes to avoid 120 
Post-registration (sustaining momentum) 118, 123, 134, 190 
Preparing your organization 105, 131, 136, 142 
Pre-audits 116 
Organization of 138, 141 
Registration audit 115, 116, 123 
Responsibilities 103, 109, 122, 138 
Scope of 65, 102 
Strategy and planning 102, 108, 136, 141 
Training and communication 64, 67, 69, 73, 104, 106, 122, 131, 142 

Inspection 20, 23, 64, 83 
Inspection and Test Status (ISO 9001/2 Element 4.12) 83, 84 
Inspection and Testing (ISO 9001/2 Element 4.10) 56, 82, 84 
Integrated product/process development (Concurrent Engineering) 77, 170 
Interfast Inc. 10 
Internal Quality Audits (ISO 9001/2 Element 4.17) 87 
International Accreditation Forum (IAF) 175 
International Auditor and Training Certification Organization (IATCA) 175 
International Organization for Standardization (ISO) 21, 173 

Technical Committee 176 (TC 176) 22, 173 
ISO 9000 series 20 

Alignment between ISO 9001/2 and ISO 9004 173 
Applicability to different businesses 23 
Comparison of 50 
Future of 173 
Growing acceptance and support for 3, 148 
ISO 9000 guidance standards 49 
ISO 9000-1 53, 56, 60 
ISO 9000-2 54, 57, 60 
ISO 9000-3 165 
ISO 9001/2  22,49  
ISO 9001/2 quality system elements, summary of 25 
ISO 9003 22 
ISO 9004 guidance standards 49, 51, 173, 184 
ISO 9004-1 53, 173, 178 
ISO 9004-2 53 
ISO 9004-4 57 
Limitations and problems with 34, 51, 119 
List of quality system standards and guidelines 24 
Not a "blueprint" for a quality system 30 
Revisions 21, 173 
Role in effective process improvement 49, 62, 75 
Systems approach of 22 

ISO 14000 Series 4, 15, 59, 199 
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List of 203 
Scope and purpose 201 

ISO 14001 
Companies using 204 
Governments' positions 205 
Implementation 206, 207 
Monitoring and Corrective Action 207 
Overview 206 
Relationship to ISO 9001 210 

ISO 14040 211 

Joint Aeronautical Commanders Group 170 
Just-in-time (JIT) delivery 14, 34, 172 

Kaizen 16 
Events 17, 133 

Key characteristics 158, 171 

Lead time reduction 8, 10 
Life-Cycle Assessment 211 
Litton Systems Canada Limited, Case Study on ISO 9001 implementation 128 
Lockheed Martin Electronic Data Systems Canada 

Case study on post-delivery servicing 94 
On-line documentation system 113 

Malcolm Baldrige National Quality Award 186 
Management leadership and commitment 18, 42, 51, 52, 61, 90, 100, 103, 122 
Management Responsibility (ISO 9001/2 Element 4.1) 63, 75, 85 
Management reviews 63, 108; 207 
Mayday Manufacturing 11 
McDonnel Douglas Canada Ltd. 147 

Case study on ISO 9000 implementation 136 
Case study on lessons learned from other sectors 42 

McDonnel Douglas Corporation (U.S.A.) 10, 58 
Advanced Quality System 152 
Process-based management system 112 

Menasco Aerospace Division of Coltec Aerospace Canada Ltd. 16 
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Case study on changing face of quality 45 
Messier-Dowty Inc. 58 

North American Supplier Conference 7 
PRIDE Quality System Criteria 192 

MIL-Specs 33, 148 
Motorola 167, 170, 174 
Mouvement québécois de la qualité 184 

• 
National Aerospace and Defense Contractors Accreditation Program (NADCAP) 130, 165 

• National Aeronautics and Space Administration (NASA) 168, 180 
• National Quality Awards 181 

Canada 185 
Comparison with ISO 9000 182 

	

U.S.• 	186 
• National Quality Institute 184 

	

O 	Nonconformances (Nonconformities) 41, 85, 116 
Non-value-added, elimination of 7, 56, 83, 108, 172_ 

• Normalair Garrett Ltd. 11 
111 	North Atlantic Treaty Organization (NATO) 3, 148, 151, 172 

a 	Organizational and technical interfaces 78 
Organizational culture 39, 46, 109 

• Orenda Aerospace Corporation, article on Management Review 63 

• Patlon Aircraft & Industries Limited, case study on ISO 9002 implementation 41 
• Pratt & Whitney Canada Inc. 1 

Evolving Customer Relationships 59 
• Case study on Quality System Score Card 188 
• Use of kaizen 16 

Process control (ISO 9001/2 Element 4.9) 81, 82 111 Process improvement 81 
111 	 effectiveness of 60, 91 
• of post-delivery servicing 92, 94 

Process mapping (Flowcharting) 95, 112, 114 a 	Process variation reduction 56, 81, 171 
• Process-based approach 14, 55, 112 
• Product Identification and Traceability 40 

ISO 9001/2 Element 4.8 81 
• Product quality 28, 82 

•  
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Purchasing (ISO 9001/2 Element 4.6) 79, 80 

QS-9000 134, 160, 173 
Qualimètre 184 
Quality.  

Awards; comparison with ISO 9000 182 
Definitions and terms 17 
Importance to aerospace and defence industries 15 
of work life 34, 55 
Planning 63, 76, 82 
Policy 52, 60, 75 

Quality Function Deployment (QFD) 170 
Quality department, role of 2, 14, 38, 45, 100, 103 
Quality improvement cycle 85 
Quality System 

Definition. 20 
ISO 9001/2 Element 4.2 76, 82 

Quality system standards 20 
Aerospace and defence industry 147, 151, 172 
Automotive in.dustry 134, 160 
ISO 9000 24 
Software 165 
Special processes (NADCAP) 165 

Registrar Accreditation Board (RAB) 27, 166 
Registrars 27, 158, 161 

How to select and work with 114, 125 
Problems with 44, 67 

Registration 26, 175 
Costs and time needed  32,43 
Over-emphasis on 28, 33, 99, 175 
Why companies get registered 32, 72, 121, 128, 141 

Regulatory requirements 78 
Airworthiness 161 
Environmental 201 

Responsible Care Program 204 
Reward and Recognition 50, 106 
Road Map for Quality in the 21st Century 168 
Root cause analysis 89, 92, 96, 143, 172 
Risk reduction 14, 151, 174 
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• 
• Say what you do and Do what you say 29, 99 

SED Systems Inc., case study on registrar selection 125 
• Self-declaration 26 
• Self-inspection 38, 64 

Service quality 16, 23 
Servicing 

• ISO 9001/2 Element 4.19 87 
• Post-delivery 92, 94 

Shewhart/Deming Plan-Do-Check-Act cycle 18 
Six-Sigma 170 

• Size of company 
• Small to medium-sized companies  15,42 

Large companies 137 
già 	Society of Automotive Engineers (SAE) 157 
• Software Engineering Institute 166 

Software Process Improvement and Capability dEtermination (SPICE) 167 
Standards Council of Canada 27 

• Statistical Process Control (SPC) 73, 129, 160, 171 
• Statistical Techniques (ISO 9001/2 Element 4.20) 56, 88 

Supplier base reduction 10, 14 
Sustainable development 199 

• System-level assessment 176 

• • , Taguchi, Genichi 35 
Teams and team work 46, 50, 73, 95, 109, 138, 141 • 
Texas Instruments Defense Systems and Electronics Group 182 

• TickIT 166 
• Total quality management (TQM) 15,  17,59 

Compared with ISO 9000 3, 31 
Integrating ISO 9000 within TQM 131, 140 

• Support from ISO 9000 34, 49, 52, 89, 173 
a 	Use by aerospace and defence companies 15 

Training (ISO 9001/2 Element 4.18) 87 
• Training and Adjustment Board 32 
• Transport Canada, position on ISO 9000 and airworthiness 163 

• 
1.1 	Unions 137, 199 

Unlearning of improvements, preventing 56 

•  ae 
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Vac Aero International Inc. 107 
Verification 38, 83 
Vision 2000 173 

X 

Xerox Corporation 181 

Z-299 (Canada) 33 
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