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Preface



In the vast majority of manufacturing firms—whether in Japan, Europe, or the United States—senior managers identify product and process development as an area of great opportunity, and an area where the firm needs much stronger capabilities. Yet if one asks those same managers how effectively their organizations carry out development activities and how close they come to achieving their desired targets, one hears a litany of past frustrations and little hope that current projects will achieve dramatically improved results. Similarly, if one were to poll faculty and deans of leading business schools, they would be nearly unanimous in targeting product and process development as a critical area of opportunity they hope their institutions will address in the 1990s. Follow-up questions regarding the current number of faculty doing outstanding research and course development, courses offered, and books and papers in the area, however, would reveal far less activity than one might expect. How is it that such an important topic could garner this level of recognition, yet command so few resources and so limited a knowledge base? Our work with manufacturing firms throughout the world as well as leading business schools in Europe, the United States, and Japan suggests that three factors have contributed to this situation.


First has been the view, prevalent in the early 1960s and, for business schools, widespread still, that good managers can manage anything. As initially espoused by conglomerates, this view held that the vast majority of managerial skills required for outstanding performance was generic, and effective managers needed only a cursory, high-level understanding of the related technologies. As subsequent competitive results confirmed, such a premise was never well-founded. Consequently, by the 1990s, practitioners agreed that most competitive settings required a much better balance between industry knowledge and focus, and general managerial talent and leadership.


Related to this premise has been the second view, especially prevalent in selected high-tech firms, that technology and management could be effectively separated in terms of career paths and organizational focus—technologists need not know a lot about management, and managers need not know a lot about technology. Issues could be decomposed into their managerial and technical components and the appropriate skills brought to bear. This separation was reinforced in universities: business schools included departments covering all the major functions except engineering, which was housed in a separate school that focused on the discipline’s theoretical and analytical foundations and its application in practice.


A third factor has been the belief that functional excellence is the primary source of competitive advantage. This belief posits that low-cost manufacturing, technology patents, and domination of marketing channels are the foundations of distinctive advantage. While functional advantages are important, a handful of firms—Motorola, Honda, and Chaparral, for example—have based outstanding performance on cross-functional capabilities: they have learned to integrate system solutions that combine low cost, high quality, and excellent time to market. The implication is that functional excellence may no longer provide sufficient advantage in the coming decades.


The result of these three factors has been a tendency to see development as a technical engineering activity that is either ignored in business schools or examined from a narrow functional perspective—whether marketing or R&D. Missing is an integrated framework that treats development as a business process linking technical, commercial, and managerial issues. The primary purpose of this book is to develop such a framework, drawing on almost a decade of our own research, course development, and consulting activities. We have used as our primary unit of analysis—as is common in companies—the development project. This is the vehicle by which the relevant skills, abilities, processes, and procedures are focused to transform a product and/or process concept into a commercialized, effectively delivered process, product, and service.


While the development project is the reference point for this book, we also address those activities that must set the stage if each project is to accomplish its objectives and achieve its full potential. Similarly, we include conclusions and insights regarding the capture and application of learning from individual projects to further strengthen and build an organization’s development capabilities. Thus, the book is organized into three parts—sets of chapters and cases dealing with pre-project activities and concerns, with issues in managing projects, and with post-project learning and ongoing improvements.


The ideas presented in this book have been tested in research and classroom interactions with hundreds of executives and put into practice in many companies. In all of these interactions, we have tried to find the general principles that guide executive action and ground them in an understanding of the details of practice: the actual day-to-day work of development. Like the components of a great product, a crucial part of the magic in a great development process is in the details of strategy, planning, designing, engineering, testing, and implementing. But a great process is not complete unless the details coalesce into an effective whole. How managers and their organizations facilitate the coming together of these details to create an effective pattern of development is the primary theme of Managing New Product and Process Development: Text and Cases.


Many people have contributed significantly to the writing of the text and cases in this book. Literally thousands of managers, engineers, designers, and functional specialists in many different companies throughout the world have shared their experience, insights, and perspective. Without their cooperation we could not have conducted the research, written the cases, nor learned first-hand what it meant to develop new products and processes and apply new technology. Although we can not recognize them here by name, we continue to thank them personally and would like to acknowledge their support.


We have also been blessed with great colleagues and a stimulating, supporting environment at Harvard Business School. We are especially grateful to Dean John McArthur for his encouragement and for the faith he had in us when it was not clear that any of this would actually work and prove valuable to practitioners. Jay Lorsch headed up the Division of Research and was always there when we needed support. Bob Hayes chaired our area and took a lot of flak while keeping our administrative burdens relatively light (we have been in his debt for many years; he is finally starting to collect!). Earl Sasser co-authored the first paper on maps and Taka Fujimoto (now on the faculty at Tokyo University) was involved in much of the initial work on product development in the auto industry. They were among the first of our colleagues to recognize the crucial role of product and process development. Kent Bowen, Jai Jaikumar, Dorothy Leonard-Barton, Marco Iansiti, Dave Upton, Gary Pisano, and Brent Barnett have worked with us on related research. We have benefited from their field work and ideas. Our doctoral students past and present, especially Taka Fujimoto, Rebecca Henderson, Marcie Tyre, Michael Watkins, Clayton Christensen, Dave Ellison, and Jonathan West, have been a crucial source of research assistance and stimulating ideas. We especially want to thank Michael Watkins for his help with the text of Chapter 9 and Dave Ellison for his many contributions to the text of Chapter 10.


Several of our colleagues have willingly agreed to share their cases and teaching notes for this book. We are especially grateful to Geoff Gill, who worked as a research associate and case writer on many of these cases. Contributing authors that we particularly want to recognize include Dr. Margaret Graham [Ampex Corporation: Product Matrix Engineering], Professor Marco Iansiti [Intel Systems Group and Honda Today], Dr. Brent Barnett [Ceramics Process Systems (B)], former students Bill Kennedy and Steve Zuckerman [Applied Materials], Professor Nan Langowitz and Dr. Brian Westcott [Plus Development Corporation (A)], Professor David Garvin [Lehrer McGovern Bovis Incorporated (Abridged)], Professor Clayton Christensen [Quantum Corporation—Product and Business Teams], Dr. Karen Freeze and the Design Management Institute [Braun AG: The KF 40 Coffee Machine (Abridged)], Professor Bruce Chew [Design for Manufacturability at Midwest Industries], Dr. Margaret Graham and Professors Dick Rosenbloom and Marcie Tyre [Bendix Automation Group (B)], former student Sandeep Duggal [Associated Instruments Corporation—Analytic Instruments Division], and Professor Gary Pisano and DBA student Jonathan West [Eli Lilly and Company: Manufacturing Process Technology Strategy (1991)].


We are pleased that product and process development is a rapidly growing area for research and teaching. Many colleagues have contributed ideas, offered encouragement, used our case material, and otherwise helped us in our work while establishing their own complementary research agendas. We are especially indebted to members of the Manufacturing Vision Group, a research consortium of five companies and engineering and business schools in four universities that for the past five years has focused on product and process development. The results of that effort should appear in early 1993 as Vision and Capability: High Performance Product Development in the 1990s (New York: Oxford University Press). We have been part of the group since its inception and have benefited greatly from our involvement. We would like to thank Kent Bowen, Tom Eagar, Jim Solberg, Carolyn Woo, Phil Barkan, Chuck Holloway, Richard Billington, Bill Hanson, Gordon Forward, Hal Edmond-son, Sara Beckman, Max Jurosek, Jack Rittler, John Owen, Robin Farran, and Doug Braithwaite, as well as others who helped on some of the project’s subprojects.


Throughout the writing of this book and the preparation of its manuscript, important supporting roles have been filled by a number of people. Bill Handy, Director of Development at the Wichita Eagle, and a former executive student of ours, was kind enough to apply his critical reading, editing, and creative skills to the final manuscript. He supplied us with many improvements and suggestions. We appreciate the time and energy he spent making a significant contribution to this effort. Bob Wallace, our editor at The Free Press, was an enthusiastic supporter from the beginning and kept after us to make it happen. Elisabeth Peter kept the office humming along and helped us with some of the drafts and revisions. Jean Smith managed the manuscript, made numerous and extensive case revisions, designed and executed the graphics, and kept us all organized and focused on meeting deadlines—we could not have done it without her help. Barbara Feinberg provided invaluable editing assistance on many of the cases.


Finally and most importantly, we would like to thank our families for their enduring love and support. From our earliest years, our parents sought to instill a love of learning and discovery mingled with a heavy dose of practical reality. To the degree that we have been successful in balancing the many demands on our time and achieving some measure of success in tackling these important topics, we owe it to them for their diligence and commitment in teaching us the fundamentals that pointed us in the right direction. For our immediate families, we also offer our heartfelt thanks for their love and support. For the Clark children (Bryce, Erin, Jonathan, Andrew, Michael, Jennifer, and Julia) and the Wheelwright children (Marianne, Melinda, Kristen, Matthew, and Spencer), we appreciate their letting us pursue such a work and willingly accepting the royalties from it into their trusts. Finally, our thanks and appreciation to Sue and Margaret, who lovingly support our efforts at such projects, but help us keep things in perspective and successfully integrate our professional and family lives.


Boston, MA


March 1992
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Competing Through Development Capability



Overview



This chapter introduces product development as a central focus of competition in the 1990s. While firms have developed new products since the Industrial Revolution, in industry after industry, the importance of doing product development well has increased dramatically in recent years. This chapter identifies the forces driving the importance of product development—changes in competition, customer demands, and technology. An important theme in the chapter is that these forces have created a competitive imperative for speed, efficiency, and high quality in the development process.


In reading the chapter it is important to establish a basic idea of what product development involves—both what makes it difficult to achieve, and the competitive power it creates when done well. To provide perspective on what we mean by product development, the chapter briefly summarizes the major sequence of activities involved in taking an idea from initial concept through prototype building and testing, and into commercial production. A key theme is that product development is a process involving all the major functions in a business. With the development process as background, we then use the example of the Northern Electronics Company and its problems with the A14 stereo project to illustrate the difficulties in development.


The problems on the A14 project—missed schedules, cost overruns, and a poorly designed product—reflect a mismatch between the way the project is organized and managed and the requirements of the development process created by the product’s complexity and the rigorous and uncertain competitive environment in which Northern Electronics competed. Exhibit 1–5 summarizes the characteristics of problematic projects as well as their consequences. The exhibit also identifies key themes that characterize outstanding projects—clarity of focus, integration across functions, a strong focus on time to market, doing things right the first time, and effective substantive leadership—thus summarizing many of the important themes developed in the book.


Our intent in this first chapter is not only to highlight the challenge and characterize what an outstanding project might look like, but also to illustrate the competitive power created in the organizations that do development extraordinarily well. To underscore that power we close the chapter with a review of the competitive interaction between Northern and Southern Electronics in the compact stereo market. Historically these two companies mirrored one another in terms of their market approach. But in the 1980s, Southern built a new strategy around superior capability and product development. In effect, Southern embarked on a strategy to become a fast-cycle competitor. In reading through this history, it is useful to note the way in which Southern linked its product development capability with its strategies in marketing and manufacturing. In fact, the way Southern exploited its advantage in speed and efficiency over its slower Northern rival was precisely by integrating its development capabilities with its actions in marketing and manufacturing. The history also sheds light on the A14 stereo project referred to above. Here, we see what happens when a senior management team attempts to achieve substantial improvements in performance without making basic changes in processes or in capabilities. The chapter closes with a summary of the advantages that effective product development capability conferred upon Southern.
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In a competitive environment that is global, intense, and dynamic, the development of new products and processes increasingly is a focal point of competition. Firms that get to market faster and more efficiently with products that are well matched to the needs and expectations of target customers create significant competitive leverage. Firms that are slow to market with products that match neither customer expectations nor the products of their rivals are destined to see their market position erode and financial performance falter. In a turbulent environment, doing product and process development well has become a requirement for being a player in the competitive game; doing development extraordinarily well has become a competitive advantage.



The New Industrial Competition: Driving Forces and Development Realities



The importance of product and process development is not limited to industries or businesses built around new scientific findings, with significant levels of R&D spending, or where new products have traditionally accounted for a major fraction of annual sales. The forces driving development are far more general. Three are particularly critical:


• Intense international competition. In business after business, the number of competitors capable of competing at a world-class level has grown at the same time that those competitors have become more aggressive. As world trade has expanded and international markets have become more accessible, the list of one’s toughest competitors now includes firms that may have grown up in very different environments in North America, Europe, and Asia. The effect has been to make competition more intense, demanding, and rigorous, creating a less forgiving environment.


• Fragmented, demanding markets. Customers have grown more sophisticated and demanding. Previously unheard of levels of performance and reliability are today the expected standard. Increasing sophistication means that customers are more sensitive to nuances and differences in a product, and are attracted to products that provide solutions to their particular problems and needs. Yet they expect these solutions in easy-to-use forms.


• Diverse and rapidly changing technologies. The growing breadth and depth of technological and scientific knowledge has created new options for meeting the needs of an increasingly diverse and demanding market. The development of novel technologies and a new understanding of existing technologies increases the variety of possible solutions available to engineers and marketers in their search for new products. Furthermore, the new solutions are not only diverse, but also potentially transforming. New technologies in areas such as materials, electronics, and biology have the capacity to change fundamentally the character of a business and the nature of competition.


These forces are at work across a wide range of industries. They are central to competition in young, technically dynamic industries, but also affect mature industries where life cycles historically were relatively long, technologies mature, and demands stable. In the world auto industry, for example, the growing intensity of international competition, exploding product variety, and diversity in technology have created a turbulent environment.1 The number of world-scale competitors has grown from less than five in the early 1960s to more than twenty today. But perhaps more importantly, those twenty competitors come from very different environments and possess a level of capability far exceeding the standard prevailing twenty-five years ago. Much the same is true of customers. Levels of product quality once considered extraordinary are now a minimum requirement for doing business. As customers have grown more sophisticated and demanding, the variety of products has increased dramatically. In the mid 1960s, for example, the largest selling automobile in the United States was the Chevrolet Impala. The platform on which it was based sold approximately 1.5 million units per year. In 1991, the largest selling automobile in the United States was the Honda Accord, which sold about 400,000 units. Thus, in a market that is today larger than it was in 1965, the volume per model has dropped by a factor of four. Currently over 600 different automobile models are offered for sale on the U.S. market.


Similarly, technological change has had dramatic consequences. In 1970, one basic engine-drive train technology (a V8 engine, longitudinally mounted, water cooled, carbureted, hooked up to a three-speed automatic transmission with rear wheel drive) accounted for close to 80 percent of all automobile production in the United States.2 Indeed, there were only five engine-drive train technologies in production. By the early 1980s that number had grown to thirty-three. The growing importance of electronics, new materials, and new design concepts in engines, transmissions, suspensions, and body technologies has accelerated the pace and diversity of technological change in the 1980s. Simply keeping up with those technologies is a challenge, but an often straightforward one in comparison with having to integrate them in development efforts.


Similar forces have been at work in other traditional, mature industries. In textiles and apparel, for example, firms such as Benetton and The Limited have used information technology to create a production and distribution network which links retail outlets directly to distribution centers and back into factories and suppliers in the chain of production from fiber to finished product. The thrust of these networks is the ability to respond quickly to changing customer demands at relatively low cost.3 Fueled in part by availability and in part by growing demands for differentiated products, product variety has expanded significantly. In plant after plant, one finds vast increases in the number of styles produced and a sharp decline in the length of production runs. These are not changes of 10 or 20 percent; in the 1980s, it was common for apparel plants to experience a four- to fivefold increase in the number of styles produced. These increases in garment variety have pushed back into the textile plants as well. For example, the average lot size for dying at Greenwood Mills, a U.S. textile firm, declined in the 1980s from 120,000 to 11,000 yards.


Changes in markets and technologies for automobile and textile firms have accentuated the importance of speed and variety in product development. But changes in competition, customer demand, and technology have also had dramatic effects on newer, less mature industries in which product innovation has always been an important part of competition. In industries such as computer disk drives and medical equipment, already short life cycles have shrunk further and product variety has increased. In addition, competition has placed increased pressure on product reliability and product cost. In disk drives, for example, the market for Winchester-technology hard disks has expanded from a base in high-end systems for mainframe computers to include a spectrum of applications ranging from notebook personal computers to large-scale supercomputers.4 Even within an application segment, the number of sizes, capacities, access times, and features has increased sharply. In addition to this explosion of variety, firms in the hard disk drive industry have had to meet demands for dramatic increases in reliability (tenfold in five years) and decreases in cost (5 percent to 8 percent quarterly). These have been met in part by incremental improvements in established technologies and in part through the introduction of new design concepts, production technologies, materials, and software.


Much the same has been true in the market for new medical devices. Innovation has always been important in the creation of new medical devices, but by the 1980s success required the ability to follow an innovative product with sustained improvements in performance, application to new segments, improved reliability, and lower cost. In the case of devices for angioplasty (a procedure using a balloon on a small wire to expand clogged arteries), the initial innovation was followed by a variety of developments that offered the physician greater control of a smaller device, making access easier and creating additional applications. In concert with process changes that substantially improved or reduced variability of performance characteristics, changes in the product have opened up new applications and treatment of a more diverse set of clinical problems and patients, worldwide.


The Competitive Imperatives


Rigorous international competition, the explosion of market segments and niches, and accelerating technological change have created a set of competitive imperatives for the development of new products and processes in industries as diverse as medical instruments and automobiles, textiles, and high-end disk drives. Exhibit 1–1 identifies three of these imperatives—speed, efficiency, and quality—and suggests some of their implications. To succeed, firms must be responsive to changing customer demands and the moves of their competitors. This means that they must be fast.5 The ability to identify opportunities, mount the requisite development effort, and bring to market new products and processes quickly is critical to effective competition. But firms also must bring new products and processes to market efficiently. Because the number of new products and new process technologies has increased while model lives and life cycles have shrunk, firms must mount more development projects than has traditionally been the case utilizing substantially fewer resources per project. In the U.S. automobile market, for example, the growth of models and market segments over the last twenty-five years has meant that an auto firm must mount close to four times as many development projects simply to maintain its market share position. But smaller volumes per model and shorter design lives mean resource requirements must drop dramatically. Effective competition requires highly efficient engineering, design, and development activities.


EXHIBIT 1–1


The Development Imperatives






	Required Capability


	Driving Force


	Implications







	1. Fast and Responsive


	Intense competition; changing customer expectations; accelerating technological change


	Shorter development cycles; better targeted products







	2. High Development Productivity


	Exploding product variety; sophisticated, discerning customers; technical diversity


	Leverage from critical resources; increased number of successful development projects per engineer







	3. Products with Distinction and Integrity


	Demanding customers; crowded markets; intense competition


	Creativity combined with total product quality; customers integrated with truly cross-functional development process








Being fast and efficient is essential but not enough. The products and processes that a firm introduces must also meet demands in the market for value, reliability, and distinctive performance. Demanding customers and capable competitors mean that the ante keeps going up—requirements of performance, reliability, ease of use, and total value increase with each product introduction. When competition is intense firms must attract and satisfy customers in a very crowded market. More and more this means offering a product that is distinctive; that not only satisfies, but also surprises and delights a customer. Moreover, attention to the total product experience and thus to total product quality is critical.



The Opportunity and the Challenge


Firms that step up to the challenge and meet these competitive imperatives enjoy a significant advantage in the market place. The development of outstanding products not only opens new markets and attracts new customers, but also leverages existing assets and builds new capability in the organization. Getting a succession of distinctive new disk drives or a string of new medical devices to market quickly and consistently requires the solution of technical problems that builds know-how. Moreover, it stimulates the creation of greater capability in problem solving, prototype construction, and testing that can be applied in future projects. All of these skills and capabilities enhance a firm’s ability to compete. But there is more. Successful new products also unleash a virtuous cycle in reputation and enthusiasm within and outside the organization. Inside, successful new products energize the organization; confidence, pride, and morale grow. The best employees remain challenged and enthused. Outside, outstanding new products create broad interest in the firm and its products, enhance the firm’s ability to recruit new employees, and facilitate the building of relationships with other organizations. The organization’s momentum builds and reinforces itself.


While the potential opportunities to be realized in developing new products and processes are exciting, making them happen is a demanding challenge. New product or process development entails a complex set of activities that cuts across most functions in a business, as suggested by Exhibit 1–2, which lays out the phases of activity in a typical development project—a new product. In the first two phases—concept development and product planning—information about market opportunities, competitive moves, technical possibilities, and production requirements must be combined to lay down the architecture of the new product. This includes its conceptual design, target market, desired level of performance, investment requirements, and financial impact. Before a new product development program is approved, firms also attempt to prove out the concept through small-scale testing, the construction of models, and, often, discussions with potential customers.


Once approved, a new product project moves into detailed engineering. The primary activity in this phase of development is the design and construction of working prototypes and the development of tools and equipment to be used in commerical production. At the heart of detailed product and process engineering is the “design-build-test” cycle. Both products and processes are laid out in concept, captured in a working model (which may exist on a computer or in physical form), and then subjected to tests that simulate product use. If the model fails to deliver the desired performance characteristics, engineers search for design changes that will close the gap and the design-build-test cycle is repeated. The conclusion of the detailed engineering phase of development is marked by an engineering “release” or “sign off” that signifies that the final design meets requirements.




EXHIBIT 1–2


Typical Phases of Product Development*
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* This development process assumes a thirty-six-month cycle time and four primary phases. Vertical arrows indicate major events; horizontal lines indicate the duration of the activities.


At this time the firm typically moves development into a pilot manufacturing phase, during which the individual components, built and tested on production equipment, are assembled and tested as a system in the factory. During pilot production many units of the product are produced and the ability of the new or modified manufacturing process to execute at a commerical level is tested. At this stage all commercial tooling and equipment should be in place and all parts suppliers should be geared up and ready for volume production. This is the point in development at which the total system—design, detailed engineering, tools and equipment, parts, assembly sequences, production supervisors, operators, and technicians—comes together.


The final phase of development is ramp-up. The process has been refined and debugged, but has yet to operate at a sustained level of high-yield, volume production. In ramp-up the firm starts commerical production at a relatively low level of volume; as the organization develops confidence in its (and its suppliers’) abilities to execute production consistently and marketing’s abilities to sell the product, the volume increases. At the conclusion of the ramp-up phase, the production system has achieved its target levels of volume, cost, and quality. In this phase, the firm produces units for commercial sale and, hopefully, brings the volume of production up to its targeted level.


An obstacle to achieving rapid, efficient, high-quality development is the complexity and uncertainty that confronts engineers, marketers, and manufacturers. At a fundamental level the development process creates the future, and that future is often several years away. Consider, for example, the case of a new automobile. The very best companies in the world in 1990 could develop a new car in three to three and a half years. At the outset of a new car development program, therefore, designers, engineers, and marketers must conceive of a product that will attract customers three years into the future. But that product must also survive in the marketplace for at least another four to five years beyond that. Thus the challenge is to design and develop a product whose basic architecture will continue to be effective in the marketplace seven to eight years after it has been conceived.


The problems that uncertainty creates—e.g., different views on the appropriate course of action, new circumstances that change the validity of basic assumptions, and unforeseen problems—are compounded by the complexity of the product and the production process. A product such as a small copier, for example, may have hundreds of parts that must work together with a high degree of precision. Other products, such as the handle of Gillette’s Sensor razor, appear to be fairly simple devices but, because of very demanding performance requirements, are complex in design and come out of a manufacturing process involving sophisticated equipment and a large number of operations. Moreover, products may be evaluated across a number of criteria by potential customers. Thus the market itself may be relatively complex with a variety of customers who value different product attributes in different ways. This means that the firm typically draws on a number of people with a variety of specialized skills to achieve desired, yet hard to specify, levels of cost and functionality. To work effectively, these skills and perspectives must be integrated to form an effective whole. It is not enough to have a great idea, superior conceptual design, an excellent prototype facility, or capable tooling engineers; the whole product—its design system, production process, and interaction with customers—must be created, integrated, and made operational in the development process.


But an individual development project is not an island unto itself. It interacts with other development projects and must fit with the operating organization to be effective. Projects may share critical components and use the same support groups (e.g., model shops, testing labs). Additionally, products may require compatability in design and function: models of computers use the same operating system, and different industrial control products conform to the same standards for safety. These interactions create another level of complexity in design and development. Critical links also exist with the operating organization. A new design requires the development of new tools and equipment and uses the skills and capability of operators and technicians in the manufacturing plant. Further, it must be sold by the sales group and serviced by the field organization. Of course, new products often require new skills and capabilities, but, whether relying on new or old, the success of the new product depends in part on how well it fits with the operating units and their chosen capabilities. Thus, effective development means designing and developing many elements that fit and work well as a total system.



Assessing the Promise and Reality: The A14 Stereo Project



The uncertainty and complexity that characterizes the development of new products and processes means that managing any development effort is difficult; managing major development activities effectively is very difficult. Thus, while the promise of a new development project is often bright and exciting, the reality is often quite different. The following story, based on a composite of several situations we have encountered, illustrates typical problems in product development.


In September 1989, Marta Sorensen, product manager for mid-range stereo systems at Northern Electronics Company, a large consumer electronics firm, laid out a plan for a new compact stereo system utilizing advanced technology and providing superior sound quality. Sorenson’s marketing group at Northern felt that the company needed to respond quickly to the expected introduction of a new compact system by one of its toughest competitors. The plan Sorenson presented at the beginning of the concept investigation stage called for a development cycle time of one year, with volume production commencing in September 1990. (See Exhibit 1–3 for the initial schedule and subsequent changes.) This would give the factory time to fill distribution and retail channels for the all-important Christmas season in late 1990.


As the exhibit suggests, the schedule began to slip almost immediately. Because of problems in freeing up resources and scheduling meetings, and disagreements about desired product features, the concept investigation stage was not completed until November 1989, six weeks later than originally planned. At that point, no change was made to the schedule for commerical introduction or start of pilot production, but two months were added to the prototype build and test schedule. This additional time was needed as a result of the selection of a new speaker technology that the engineering group had lobbied for during the concept development stage. It was assumed that the time originally allowed for pilot production could somehow be overlapped and/or compressed.


By February 1990 new design problems had emerged. The compact size of the product created unexpected difficulties in fitting the components into a small space while maintaining sound quality. Furthermore, delays with a chip supplier and the speaker technology supplier set back the project schedule several weeks. A revised schedule, established in February 1990, called for completion of the design in April and completion of the prototype-build-test cycle by June. However, no changes were made to the schedule for pilot production or ramp-up. This meant a significant compression of the time between completion of prototype testing to commerical production; process engineering and manufacturing groups were asked to begin preparing the process for production even though the design was still incomplete.


Design engineers worked hard to solve problems with product size, and cost and completed the design in May 1990. By that time, however, new problems had emerged with the prototypes and with the production process. Part of the delay in prototyping reflected late deliveries of parts from suppliers, overambitious testing schedules, and problems in scheduling meetings for milestone reviews. But part of the delay also reflected technical problems with the introduction of surface mount technology in the printed circuit boards for the product. Moreover, process engineering had experienced difficulties with production tooling. There had been a significant number of engineering changes to accommodate changes in exterior appearance as well as performance problems with the product. As a result, the completion of prototype testing was rescheduled for August and pilot production and ramp-up were scheduled to occur in rapid fire succession thereafter.




EXHIBIT 1–3


Schedule Slippage in the A14 Stereo Project at Northern Electronics*
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* Each row indicates the phases completed ([image: Image]) and planned completion dates (•) for remaining phases as of a given date.


Even the new schedule proved optimistic. As the fall months wore on and the project continued to slip, Sorenson and her marketing team realized that they would not meet the critical Christmas season deadline. Much of the latest delay had been caused by interaction between the product design and new automated assembly equipment that the manufacturing organization had installed. In order to meet product cost targets, manufacturing had chosen to move to an automated assembly system that would significantly reduce variable cost on the product. However, while design engineering was aware of the manufacturing plan, there were many subtle details of product design that conflicted with the capabilities of the automated equipment. These conflicts only surfaced late in 1990 as attempts were made to run full prototype units on the automated equipment. These problems required additional product redesign and slowed the completion of prototype testing.


Engineers eventually corrected the problems and prototype testing was completed in February 1991. While compression of the schedule had made product and process engineering operate in parallel, the completion of prototype testing did not mark the end of design changes nor the alleviation of production problems in pilot production.


Although Sorenson and the marketing group were happy to see the product make it through prototype testing, the fact that it was almost a year late had serious consequences for its potential attractiveness in the market. Sound quality and features were adequate and the cost and pricing were in line with expectations, but some of the product’s aesthetics were out of synch with recent market developments. Thus, during the spring and summer of 1991 marketing pushed through a redesign of the product’s exterior package to make it more attractive and contemporary. This caused some delays as engineering put through a crash program for new tooling and testing, but the redesigned exterior was put into production during the early fall. While the design of the new exterior was being developed, the manufacturing organization struggled to debug the new equipment and achieve consistent levels of quality. By September the plant had solved most of its major process problems and attention was shifted to increasing volume and filling channels for the 1991 Christmas season.


Market acceptance of the new product was satisfactory, but did not meet the projections originally laid out in 1989. Further, the engineering and manufacturing organizations soon found themselves confronted by a large number of field-identified quality problems. Exhibit 1–4 documents the engineering change history of the product from the beginning of pilot production to its post-Christmas sales period. As the exhibit suggests, there was a flurry of engineering change activity shortly after the product went into commerical production and the manufacturing organization struggled to achieve target levels of yield and volume. Many of these engineering changes were intended to improve manufacturability. The significant peak in March 1992 reflected consumer experience with the product following the Christmas season. In February and March of 1992 design engineering launched a crash program to solve several field problems with product reliability.




EXHIBIT 1–4


Engineering Changes in the A14 Stereo Project, May 1991—July 1992*
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* Arrows indicate major events against which the monthly rate of engineering changes can be referenced. The peak in November 1991 resulted from feedback from early adopters; in March 1992 from feedback from Christmas season customers.



The Characteristics of Effective Development



The experience of Northern Electronics with the A14 stereo system is not a pathological example. It reflects experience that is all too common in the world of product and process development. The failure of the A14 project to meet its original potential and expectations was not due to a lack of creative people, management desire, technical skills, or market understanding. The company had excellent marketing information, good relationships with its dealers and customers, recognized competence in engineering and design, and was known for its technical expertise. The A14’s problems were rooted far more in the inability of the organization to bring together its insight and understanding and the expertise of its people in a coherent and effective way. In short, the A14 had problems because Northern lacked critical capabilities for integration.


EXHIBIT 1–5


Central Themes in Ineffective and Effective Development Projects






	PROBLEMATIC PROJECTS


	OUTSTANDING PROJECTS







	Characteristics


	Consequences


	Selected Themes







	• Multiple, ambiguous objectives; different functional agendas


	• Long planning stage; project becomes vehicle for achieving consensus; late conflicts


	• Clear objectives and shared understanding of project’s intent throughout organization; early conflict resolution at low levels







	• Focus on current customers and confusion about future target customers


	• Moving targets; surprises and disappointments in market tests; late redesigns; mismatch between design and market


	• Actively anticipating future customers’ needs; providing continuity in offerings







	• Narrow engineering focus on intrinsic elegance of solutions; little concern with time


	• Slipping schedules; schedule compression in final phases


	• Maintaining strong focus on time-to-market while solving problems creatively; system view of project concept







	• Reliance on engineering changes and manufacturing ramp-up to catch and solve problems; “we’ll put a change order on it when we get to manufacturing”


	• Poor, unrepresentative prototypes; many late changes; poor manufacturability; scramble in ramp-up; lower than planned yields


	• Testing and validating product and process designs before hard tooling or commercial production; “design it right the first time”







	• Narrow specialists in functional “chimneys”


	• Engineering “ping-pong”; miscommunication and misdirected effort; use of time to substitute for integration


	• Broad expertise in critical functions, team responsibility, and integrated problem solving across functions







	• Unclear direction; no one in charge; accountability limited


	• Lack of a coherent, shared vision of project concept; buck passing; many false starts and dead ends


	• Strong leadership and widespread accountability








Column 1 of Exhibit 1–5 summarizes typical characteristics of problematic projects like the A14, and column 2 identifies some of their implications. Problems on the A14 were rooted in the nature of the development process and its organization and the absence of a coherent and shared cross-functional plan for competing in the compact stereo market. Different functional groups (e.g., marketing and engineering) had different agendas and there was no organizational process to resolve issues before they surfaced throughout the phases of the A14 development effort. This led to delays and miscommunications throughout.


The development process itself contributed to delay and poor design. The many late engineering changes reflected in part a poorly organized and executed prototyping process. Some prototype parts came from suppliers unfamiliar with the commerical production environment at Northern and were late and poorly built. Delays getting into manufacturing were caused by a narrow focus on product performance in design choices (no design for manufacturability) and barriers to communications between engineering and manufacturing. Management treated the development of new products as the responsibility of the engineering group. Manufacturing was not of primary concern, at least not until problems with the new automated process began to surface. Without strong leadership, problems in the project went undiscovered, surfaced late, and were difficult to resolve.


In contrast to the A14 experience, column 3 in Exhibit 1–5 lays out selected themes in an outstanding development project. Objectives and accountability are clear and widely shared and stem from a concept development and product planning process that brings marketing, engineering, and manufacturing together. Moreover, early-stage development builds on clear strategies in the organization for the product line and major functions. In effect, the outstanding organization starts development projects with concept development on a firm foundation.


Once the concept has been developed and plans for the product have been laid out, execution in outstanding programs has a distinctive character. Guided by strong leadership, engineers with broad skills work in a coherent team with skilled people from marketing and manufacturing. “Integrated” describes day-to-day problem solving across departments and functional groups right down at the working level. Strong, collaborative relationships across departments are rooted in intensive communication, a shared responsibility for product performance, and an appreciation of the value to be added by each group. In this context an excellent engineering design is one that not only achieves outstanding performance but also is manufacturable and comes to market rapidly.


Indeed, time-to-market is such a critical dimension of performance in the outstanding project that all of the processes, systems, and activities in development are geared to fast action. This is particularly true for the critical design-build-test cycles that are at the heart of problem solving in development. Thus, the outstanding project has a prototyping process that creates representative components, subassemblies, and complete units of high quality. These prototypes in turn come out of a design process in which careful and simultaneous attention to the details and behavior of the product as a system catches numerous problems and identifies important opportunities early in the process. In this setup, engineers concentrate on eliminating redesigns caused by mistakes, poor communication, and lack of process understanding, and maximizing product performance and distinctiveness for its target market. “Design it right the first time” is critical because it creates products of high quality and saves valuable time.


Outstanding projects of this kind are not possible without leadership. In contrast to problematic projects where direction is lacking and responsibility diffuse, the excellent project has a project leader who gives conceptual direction and stimulates and nurtures working-level integration. Moreover, that leadership extends to linkages with critical suppliers, customers, and the market. The outstanding project leader fosters internal integration and integrates customer needs into the details of design. Effective product development is not the result of a single individual, but strong leadership makes a difference.



The Fast-Cycle Competitor



The themes that characterize outstanding development projects—clarity of objectives, focus on time to market, integration inside and out, high-quality prototypes, and strong leadership, to name a few—reflect capabilities that lead to rapid, efficient development of attractive products and manufacturing processes. The power of such capabilities lies in the competitive leverage they provide. A firm that develops high-quality products rapidly has several competitive options it may pursue. It may start a new product development project at the same time as the competitors, but introduce the product to the market much sooner. Alternatively, it may delay the beginning of a new development project in order to acquire better information about market developments, customer requirements, or critical technologies, introducing its product at the same time as its competitors but bringing to market a product much better suited to the needs of its customers. Furthermore, if it also has achieved speed and quality in an efficient way, it may use its resources to develop additional focused products that more closely meet the demands of specific customer niches and segments. Whatever the mix of customer targeting, speed to market, and product breadth the firm chooses to pursue, its advantages in fundamental capabilities give it a competitive edge.


For a firm like Northern—with slipping development schedules, late design changes, and problems with field failures—competing against a firm capable of rapid but effective product development can be a bewildering, discouraging, and ultimately unprofitable experience. Exhibit 1–6A illustrates just such an episode in Northern’s history. Consider first Panel A, which graphs the price, cost, and product generation experience of Northern and its principal competitor, Southern Electronics Company, from 1978 until 1985.


Until 1985, both Northern and Southern followed standard industry cycles in new product development, pricing, and manufacturing costs. With a product development cycle of eighteen to twenty months, both firms introduced new generations of product every two years. Between major generational changes in products there were frequent model upgrades and price declines as the cost of key components and manufacturing fell with increasing volume. Thus, until the mid 1980s, both Southern and Northern had prices and costs that tracked each other closely, and both mirrored industry averages.


Improvement Efforts at Southern Electronics


In the early 1980s, changes in Southern laid the foundation for a significant change in the nature of competition in the industry. Stimulated by the efforts of Greg Jones, the new vice president of engineering, Southern embarked on a concerted effort to reduce its product development lead time. Without compromising quality, Jones and the entire organization began to develop the characteristics sketched out in column 3 of Exhibit 1–5. Stronger leadership, more effective cross-functional integration, greater attention to issues of manufacturability and design, more effective prototyping, and a revamped development process gradually led to a reduction in development lead time from eighteen to twelve months. By 1986 Southern could develop a comparable compact stereo system about six months faster than Northern.


As Panel B of Exhibit 1–6B suggests, Southern began to use its new development capability in early 1986. At that point it broke with industry tradition and introduced its next generation of stereo product about six months sooner than expected. With a more advanced system and superior performance, Southern was able to achieve a premium price in the marketplace. Although Northern followed six months later on a standard cycle, its next generation stereo was unable to command its traditional market share. As a result, Northern’s volume increased more slowly than expected and its cost position began to erode slightly relative to Southern.




EXHIBIT 1–6A


Panel A: Standard Competitive Patterns for the Compact Stereo Market*
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* Prior to 1986, both competitors introduced their new stereo products on the same two-year cycle, adopted similar pricing strategies, and experienced comparable manufacturing costs.


Southern Electronics introduced its next generation product eighteen months later in the fall of 1987. Once again the product achieved a premium price in the market. However, Southern did not fully exploit its premium pricing opportunity. Instead, it lowered prices somewhat to increase further its market share. At that point, not only was Northern behind in product features and technology, but Southern’s aggressive pricing posture put even more pressure on Northern’s sales volume and margins. Although Northern fought back with price discounts, increased advertising, and promotions to dealers, it was unable to stem the erosion of its historical market position. The result was an even greater disparity in the cost positions of Northern and Southern Electronics.




EXHIBIT 1–6B


Panel B: Competition on Rapid Development Capabilities in the Compact Stereo Market*
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* Beginning in 1986, Southern moved first to an eighteen-month product introduction cycle and then to a twelve-month cycle; Northern moved to an eighteen-month cycle only in 1990. The consequences were continuing price premiums and cost advantages for Southern.


Northern’s Competitive Reaction


In late 1988, Northern introduced its next generation stereo system, the A12. Developed under the motto “beat Southern,” Northern’s executives felt that the A12 would be the product to regain their former competitive position in the market. Much to their surprise, however, the rollout of the A12 in early 1989 was met by Southern’s introduction of its next generation stereo system: Southern had moved to a twelve-month product introduction cycle in late 1988. At that point Northern was a full generation of technology behind Southern in its market offerings. Northern’s management determined that the only course of action open was to accelerate development of the next generation system, the A13. They thus embarked on a crash development effort to bring the A13 to market in early 1990. At the same time Sorenson and her colleagues began development on the A14, which they targeted for the Christmas 1990 selling season. The A14 was to get them back into the competitive ball game on solid footing—a “close the gap” strategy.


While Northern’s strategic intent was to catch up to Southern with accelerated product development, the reality was much different. Northern brought the A13 to market in early 1990, but the development process was so hectic and the ramp-up in manufacturing so strained that the company effectively lost control of its costs. The product came to market but was much more expensive and less effective than the company had planned. Because of its many problems, scarce development resources that were to have been moved to the A14 in early 1990 were focused instead on correcting problems and cleaning up the A13’s design. To make matters worse, Southern continued to follow its twelvemonth introduction cycle and actually beat Northern to the market with its next generation product. The result for Northern was a further erosion in margins and market position.


Without making fundamental changes in its development process, which management considered neither necessary nor within the charter of Sorenson and those working on the A14, Northern’s attempt to push ahead with the A14 for the 1990 Christmas season was a dismal failure. The A14 product had so many problems in the field and was so expensive to manufacture that the product line became a serious financial drain on the company.


The Sources of Advantage


The key to Southern’s success in the compact stereo market was its consistent ability to bring excellent products to market before its competitors. This ability was rooted in fundamental changes that Jones and others had made in its development process. These included obtaining broad-based organizational and individual buy-in to key project goals, at the onset, and empowering and encouraging development teams to modify the development process while developing the needed products. In addition it harnessed that capability to a marketing and pricing strategy that was well targeted at Northern’s weaknesses. In effect, Southern changed the nature of competition in the industry; Northern was forced to play a game for which it was ill suited—a game Northern never fully comprehended until it was years behind in capability.


Southern Electronics’ ability to bring a competitive product to market more rapidly than its chief rivals created significant competitive opportunities. How Southern chose to exploit those opportunities depended on the nature of its competition and its own strategy. But the ability to move quickly in product development created at least three potential sources of advantage:


• Quality of design. Because Southern had a twelve-month development cycle, it could begin the development of a new product closer to the market introduction date than its competitors. Whereas Northern had to begin eighteen to twenty months before market introduction, Southern’s designers and marketers could gather and refine an additional six months of information before setting out to design a new product. In a turbulent environment, designers face a high degree of uncertainty in the early stages of development about which set of product characteristics will be most attractive to target customers. Additional time to secure feedback on the most recently introduced generation and to learn about market developments and emerging customer preferences may mean the difference between winning and mediocre products. Although the product may use the same basic technologies, additional market information may yield a much better configuration. The product’s features and aesthetics may be fresher, more up-to-date, and more closely matched to customer expectations. Thus, Southern could exploit its lead time advantage by waiting to launch its development effort until more and better market information became available. Even though its product would arrive on the market at the same time as its competitors, its product would offer the customer a superior experience.


• Product performance. A much faster development cycle gave Southern Electronics the opportunity to launch a new product program well in advance of its competitors. It could use that lead to introduce the next generation of product technology. In this case, the advantage of speed lay not in superior market or customer intelligence, but rather in the ability to exploit technological developments and bring them to market faster than its competitors. The gap in performance this created is depicted in Exhibit 1–7 for a single product generation. As illustrated in the exhibit, a six-month jump on competitors in a market accustomed to eighteen- to twenty-four-month design lives can translate into as much as three times the profit over the market life of the design. Conversely, being late to market with a new product can lead to break-even results and zero profit. This provided Southern with the leverage to control not only their own profits and returns, but also those of their chief competitor, Northern. Putting a sequence of such developments together further widens the competitive gap, as depicted in Exhibit 1–8. The slow-cycle competitor brings new technology to market every two years. The fast-cycle competitor, in contrast, achieves the same performance improvement every twelve months. While the initial advantage of the fast-cycle competitor is relatively small, the ability to move quickly to market eventually creates a significant performance gap. To the extent that customers can discern the difference in performance and to the extent that the gap offers them valuable improvements, a faster time to market creates a superior product.




EXHIBIT 1–7


The Impact of Market Introduction Timing on Lifetime Profits of a Major New Product*
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* Introducing at the same time as competitors (0 on the horizontal axis) leads to average profits over the life of the product (lx on the vertical axis). Introducing a new product six months ahead of competitors can triple (3x) total profits over the life of the product; introducing six months behind competitors may mean simply breaking even. Note that getting too far ahead of the market (greater than six months) can be less than optimal.




EXHIBIT 1–8


Fast-Cycle Development and the Technological Gap*
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a Indicates product generation.


* This example assumes both competitors incorporate similar amounts of technological change in each generation of product, but the slow competitor lets twice as much time elapse between product generation introductions as the fast competitor. This is what was happening between Northern and Southern Electronics in the compact stereo market (see Exhibit 1–6B, Panel B).


• Market share and cost. A better product design and superior product performance gave Southern the opportunity to achieve premium prices in the market. However, a firm may also choose to price its product to create superior value for its customers, thereby translating advantage in design and performance into increases in market share. Where lower costs are driven by growth and increases in volume, increases in market share may translate into improved cost position for the fast-cycle operator. Thus, even if two competitors operate on the same learning curve, the fast-cycle competitor will achieve a cost advantage. However, it may also be the case that the capabilities which underlie fast development cycles create a steeper learning curve. Speed in development is rooted in the ability to solve problems quickly and to integrate insight and understanding from engineering with critical pieces of knowledge in manufacturing. This set of capabilities likewise is critical in achieving cost reductions in established products. Thus, when costs are sensitive to volume and fast-cycle capability enhances a firm’s overall learning capacity, the fast-cycle competitor enjoys double leverage in improving its manufacturing costs.


How a fast-cycle competitor chooses to exploit the potential advantages in design, product performance, and manufacturing cost will depend on the competitive environment and the firm’s strategy. In the case of Southern Electronics, all three dimensions of advantage were important. Initially, Southern used its six-month advantage in lead time to obtain better market information and still introduced its 1986 compact stereo about six months before its competition. In the second generation, however, Southern accelerated its model introduction and began to exploit its development capacity to achieve superior product performance. By 1990, Southern was a generation ahead of its competitors in product technology. It used its superior design and performance to achieve some price premium in the market, but it did not raise prices as much as its performance advantage warranted. The result was a superior value for customers, increases in market share, and steeper slopes on its manufacturing learning curve. Thus, Southern used its advantage in performance and cost both to expand its market share and increase its margins.


But perhaps the most powerful effect of Southern’s fast-cycle capability was its ability to change the nature of competition. By improving its development productivity and shortening the time between product generations, Southern forced Northern to play a competitive game that Northern was not prepared to play. Northern would have faced competitive difficulties no matter how it responded to the Southern challenge, but it compounded its problems by failing to change fundamentally its approach to product development. By attempting accelerated development in the context of its traditional systems, Northern created internal confusion, strained its resources, and actually reduced the effectiveness of its development organization. In addition, previously enthusiastic, capable, and hard-working product managers such as Sorenson became frustrated and disappointed. Thus, at the start of the 1990s, Northern Electronics faced the challenge of undertaking a major overhaul of its development process while its margins were eroding, market position was slipping, and morale among some of its best development people was declining. Southern’s fast-cycle capability had clearly put Northern and its other major competitors at a significant competitive disadvantage while generating additional enthusiasm and competence among people such as Jones and individual project contributors. Southern was continuing to build momentum as Northern and other competitors continued to lose it.


Achieving competitive advantage through effective development capability is not just a theory. Effective fast-cycle competitors have emerged in a wide range of industries. Firms such as Honda in automobiles, Applied Materials in semiconductor production equipment, ACS in angioplasty, Sony in audio products, Matsushita in VCRs, The Limited in apparel, Philips in computer monitors, Hill-Rom in hospital beds, and Quantum in disk drives have made the ability to bring outstanding products to market rapidly a central feature of their competitive strategy. Once achieved, and subsequently maintained as the organization grows, an advantage built around fast-cycle capability seems to be strong and enduring. In the first place, the advantage is based on capabilities—human and organizational skills, processes and systems, and know-how—that are difficult to copy. Moreover, effective, rapid development creates superior products and offers customers superior value. It therefore helps to create a market franchise and brand equity. A real product advantage rooted in difficult-to-copy capabilities and a translation of that product advantage into a fundamental market franchise that reinforces its own momentum is a powerful combination. Although product development is difficult, doing it well confers significant advantage. Furthermore, the more challenging the development requirements, the more dramatic the potential impact.



The Plan for the Book



In this book we lay out concepts for the effective organization and management of product and process development. Each chapter frames a particular problem or issue in development, provides a set of ideas for effective management, and illustrates those ideas and their application with several examples. The cases accompanying each chapter in the College version provide an opportunity to apply and develop the concepts and ideas in a practical context.


The first part of the book focuses on the front end of the development process. In Chapters 2 through 5 we discuss the concept of development strategy, the use of maps and mapping to chart an organization’s path through the development terrain, the creation of an aggregate project plan to guide a portfolio of development efforts, and the challenge of creating an overall development process that effectively initiates and selects projects and focuses the organization’s resources to bring the most attractive projects to market rapidly and efficiently. The thrust of these chapters is laying the foundation for effective development efforts. While the actual development project is a natural locus of attention and effort in organizations, individually effective development projects depend on a strong foundation in strategy, a shared understanding across functional organizations, and an overall process that effectively allocates and concentrates time, energy, attention, and resources on the most attractive opportunities.


Chapters 6 through 10 focus on the management of individual development projects. We first work through an overall framework for evaluating development efforts, including identification of the important phases of development, the measurement of performance, and the critical areas of leverage and choice for managing projects. We then examine the problems of cross-functional integration. A central theme in this part of the book is the power of integrated problem solving. Chapter 8 deals with the problem of organizing development projects. Our emphasis is on the organizational structure, the processes the organization uses to carry out development, and the impact of development leadership. We lay out four contrasting approaches to development project organization and focus particular attention on what we call heavyweight project teams.


The challenge of integration applies not only to large functional organizations like marketing, manufacturing, and engineering, but also at the working level within those organizations and across departments and work groups with different disciplines, tasks, and experiences. Chapter 9 focuses on recent developments in systematic methods and tools for product (and process) development. Concepts such as quality function deployment, design for manufacturability, computer-aided design, and computer-aided engineering represent new design and development methodologies. Much of the thrust of these methodologies is the creation of more effective integration in the development process. In Chapter 10 we examine prototyping, testing, and convergence to a final design. Much of development is a sequence of design-build-test cycles in which prototyping and testing play a central role. Effective management of prototyping is therefore a critical element of effective development capability.


In the final chapters of the book, we shift our attention from the planning and execution of specific projects to the problem of managing the improvement of the development organization and its processes. In Chapter 11 we examine the problem of learning from individual development experiences. This involves not only capturing the insight and understanding that come from current experience, but also capturing that experience in the form of changes in the development process. In addition, learning from experience involves building resources and capabilities to conduct development efforts more effectively in the future. Thus the major focus of Chapter 11 is on mastery of the building blocks for superior development capability and the associated investment in people, skills, tools, and systems.


The book concludes with a chapter on making it happen. We examine alternative improvement paths and focus on the peculiar nature of the development process and consequent issues that managers must examine in pursuing an overall improvement plan. A central theme in this final chapter—and, indeed, throughout the entire book—is the importance of learning by achieving consistency and balance across a wide range of development activities. There are no “three easy steps” to effective development performance. The capabilities that allow an organization to move quickly and efficiently to the market are rooted in people and their skills, organizational structure and procedures, strategies and tactics, tools and methodologies, and managerial processes. This is what makes it so difficult for organizations to improve—and why they acquire such a strong competitive advantage when they do.



Study Questions



1. Product development has been a part of competition at least since the Industrial Revolution. Apparently, doing things faster, more efficiently, and with higher quality has always been an advantage. In what sense, therefore, has product development become more important in competition in recent years? Do you agree that increased speed, efficiency, and quality have become competitive imperatives? Are they imperative under all circumstances?


2. Consider Exhibit 1–2. What is the rationale for dividing the development process into phases? What distinguishes the first two phases from the last phases of Exhibit 1–2?


3. In the A14 stereo project, what explains the differences between the original plan of September 1989 and the third plan revision of May 1990?


4. Consider Exhibit 1–5. Pick one of the characteristics of problematic projects and compare it with its counterpart theme in the outstanding projects. What might explain the problematic characteristic? Where does it come from? What makes moving from problematic to outstanding difficult?


5. What are the key elements in Southern’s “fast-cycle” strategy? What explains Northern’s response to Southern’s strategy? Was Northern’s response predictable? Inevitable?


6. The fast-cycle strategy conferred significant advantage upon Southern. Will a fast-cycle strategy work this way under all circumstances? Why or why not?
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Ampex Corporation: Product Matrix Engineering







	TO:


	T. Burroughs







	FROM:


	M. Hirschfeld







	DATE:


	March 30, 1979







	SUBJECT:


	Product Matrix Engineering—







	 


	Future Plans








I meant what I said yesterday, Ted. You and your PME Group deserve much of the credit for the success of our VPR2 program start-up. We were so involved with other matters in our discussion that I neglected to ask for your views about the future of PME. Now that you’re moving into the Data Systems Division, I would appreciate your recommendations. Do you think PME should become a permanent organization, or should it be disbanded as such ad hoc organizations have been in the past? If PME does become a permanent organization, we will have to define its place in the organization and its charter very carefully.


The note from Morris Hirschfeld raised several issues that Ted Burroughs had thought about often. He was confident that the PME experiment had been a success, and he had a definite opinion about what should be done.


AVSD=Audio Visual Systems Division; ECN=engineering change notice; MRP=materials requirement planning; NAB=National Association of Broadcasters; PME=product matrix engineering; SMPTE=Society of Motion Picture and Television Engineers; VTR=video tape recorder.


This case was prepared by Assistant Professor Margaret B. W. Graham; names of individuals and certain data have been disguised.


Copyright © 1980 by the President and Fellows of Harvard College. Harvard Business School Case 680–142.



The Company



The Ampex Corporation manufactured magnetic tape and magnetic tape equipment, serving a worldwide market with sales of nearly $400 million in 1979 (see Exhibit 1 for financial data). Headquartered in Redwood City, California, it had manufacturing operations in several western and southern states and in a number of countries including Mexico, Brazil, Taiwan, and Japan.


Ampex placed special emphasis on its position as a technological leader in its industry, employing some of the most highly respected design engineers in its Redwood City Engineering Center, a university-like research center that was located with Ampex headquarters near Stanford University. More than half the products sold in 1979 had not existed only five years previously.


At the heart of Ampex’s business was the Audio Video Systems Division (AVSD), which supplied high-performance audio and video recording and editing equipment to professional broadcasters. AVSD accounted for 35% of Ampex’s sales and more than half of the company’s earnings. Ampex had attained its leadership position in broadcast equipment by introducing the first professional transverse scan magnetic video recorder, the Quadruplex VR 1000, to the industry in 1956. During the next two decades, Ampex dominated the quadruplex video recording market claiming a 65% share compared to RCA’s 35%. (By 1976 it was estimated that 10,000 quadruplex VTRs had been sold worldwide.) Ampex had extended its line of professional video products to include other proprietary equipment such as the slow-motion disc recorder famed for its instant replay when used to broadcast sports events such as “Wide World of Sports.”


The division continued to reaffirm its commitment to scientific excellence through new product introductions every few years. Its latest technological first was an experimental digital video recorder which it demonstrated to the March 1979 convention of the Society of Motion Picture and Television Engineers (SMPTE). That product would not be commercially feasible until the mid-1980s, but Ampex saw it as the kind of product that would keep the company at the forefront of its industry.


Two Video Tape Recorder Technologies


Ampex AVSD’s principal product was traditionally the Quadruplex Video Tape Recorder (VTR) for professional broadcasting. The quad machine was a large (6 feet high by 3 feet wide) piece of equipment containing expensive parts and delicate circuitry and selling for over $100,000. It recorded its video information in a crosswise (or transverse scan) pattern on two-inch magnetic tape (Figure A). The quad recorder was suitable primarily for studio use because of its size and complexity of operation. It was generally sold with accessories such as the slow-motion disc recorder ($100,000) or a computerized editor ($50,000) to form a complete magnetic tape editing system for broadcast production purposes.


EXHIBIT 1


Four-Year Summary of Operations ($ in thousands except per share data)






	 


	1978


	1977


	1976


	1975







	Net sales and other incomea


	$322,050


	$287,429


	$257,935


	$244,903







	Costs and operating expensesa


	291,811


	262,264


	239,153


	226,075







	Interest expense


	6,747


	7,736


	9,350


	13,829







	Earnings from continuing operations before nonrecurring income and taxes


	23,492


	17,429


	9,432


	4,999







	Gains on sales of facilities


	—


	—


	2,473


	1,031







	Income from nonrecurring royalties, licenses and agreements


	—


	  —


	  —


	 13,000







	Earnings from continuing operations before taxes on income


	23,492


	17,429


	11,905


	19,030







	Taxes on income


	  10,250


	  8,640


	  5,520


	  9,200







	Earnings from continuing operations


	13,242


	8,789


	6,385


	9,830







	Earnings (loss) from discontinued operations, net of taxes


	  —


	  —


	  292


	  (3,848)







	Earnings before extraordinary items


	13,242


	8,789


	6,677


	5,982







	Extraordinary items: Utilization of tax carry-forwards


	6,500


	5,435


	2,480


	4,300







	Settlement of class action suits, net of taxes


	  —


	  —


	  (1,125)


	  —







	Net earnings


	  19,742


	  14,224


	  8,032


	  10,282







	Research, development and engineering:


	 


	 


	 


	 







	Research and development


	18,123


	16,522


	15,991


	b







	Engineering


	  5,096


	  5,027


	  3,758


	  b







	Total company sponsored


	23,219


	21,549


	19,749


	20,097







	On contract for others


	  3,077


	  3,934


	  6,630


	  3,411







	Total


	  $26,296


	  $25,483


	  $25,379


	  $23,508







	Working capital provided from continuing operations


	$21,964


	$17,427


	$16,863


	$22,289







	Working capital


	134,372


	121,338


	112,537


	126,130







	Total debt


	92,222


	96,284


	110,010


	143,480







	Shareowners’ equity


	104,386


	84,525


	70,166


	62,134







	Current ratios


	3.2-1


	2.1-1


	2.9-1


	3.2-1







	Debt-equity ratio


	0.9-1


	1.1-1


	1.6-1


	2.3-1







	Return on equity


	19%


	17%


	11%


	17%








a Excluding discontinued operations.


b Research and development expense as denned in FASB statement No. 2 cannot be determined.
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FIGURE A Transverse Scan


Ampex also manufactured and sold a second form of magnetic video tape recorder, the helical scan VTR. Helical recorders were smaller, lighter, and cheaper (base price $5,000-$25,000) than quad. They offered features such as still frame and slow motion that quad recorders did not have, and because they recorded their information on one-inch magnetic tape (see Figure B) at slower recording speed, their tape consumption was roughly one-third of the quad’s (helical: 10 square inches per second; quad: 30 square inches per second).
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FIGURE B Helical Scan


During the 1960s helical scan performance had been unacceptable for broadcast use. Its recording format was less forgiving to operate than that of its quad counterpart, requiring constant adjustment to reduce tape tracking errors that caused picture defects. Consequently the helical video recorder had been sold as a low-priced, high-volume product for the institutional market with margins about one-half those of quad equipment. (Helical video recorders contained fewer expensive parts and simpler electronic circuitry.) Ampex had shared the industrial recorder market with numerous Japanese recorder manufacturers including Toshiba, Matsushita, and Sony. Each manufacturer had a different tape format, but since interchangeability of tapes between machines was not crucial in the institutional market, no standard tape format was adopted.


In the early 1970s an auxiliary device called the digital time-based corrector appeared, compensating for the helical recorder’s previous quality problems. With their special features, light weight, simplicity and low cost of operation, the improved helicals were ideal for television news gathering from remote locations. Major broadcasters such as Westinghouse and CBS began to demand improved-for-broadcast helical machines.


Some industry observers speculated that potential sales for helical recorders for professional uses could be 20,000 systems. Other experts had been saying for some time that at a price lower than $50,000 the distinction between industrial and professional recorders would disappear and that the total primary market for helical might reach 100,000 systems worldwide.


In 1974 Sony introduced a new model helical recorder that quickly dominated the institutional and industrial market. Ampex withdrew from that market and focused its attention on the professional recorder, launching a program to do a new helical design for broadcast use. John Roberts, product manager for the Ampex video recorder line, recalled:


It was difficult to persuade first-line engineers who had devoted their entire careers to transverse-scan recording to switch to designing helical machines. They hated to see quad sacrificed on the altar. To them, helical was inferior and would always remain so.


In 1975 the Ampex design team produced a helical video recorder designated the VPR1. The VPR1 offered “outstanding recording and playback with capability of 1/5 speed slow motion and still-frame pictures of broad-castable quality” made possible with the addition of an automatic scanning module (the Ampex AST). To avoid introducing a new tape format to a market already crowded with helical tape formats, the designers of the VPR1 retained the Ampex A format, which they had used in their latest institutional and industrial models. As Doug Grantham, systems manager, explained, “In quad the format never changed. The first quad tape made can be played on the newest machine. We wanted to push for that kind of stability in helical technology too.”


Standardization


At the National Association of Broadcasters (NAB) convention in March 1976 the Ampex VPR1 announcement was closely followed by Sony’s revelation that it intended to penetrate the professional video recorder market for the first time with a helical machine called the BVH 1000. Sony’s demonstration model equalled Ampex’s in major features and price. Sony elected to introduce a different tape format from those it used in earlier helical recorders, one that was similar to Ampex A but not compatible. A third company, Germany’s Bosch-Fernseh, announced its intention to market another incompatible version of the helical recorder, which it advertised as rugged, reliable, and less expensive than either of its competitors.


The reception of new recorders by potential customers was enthusiastic, but actual orders were limited because of the standards issue. Major customers wanted the ability to interchange tapes among machines without regard for make of equipment. The Fernseh product was too different for compatibility to be considered, but Sony and Ampex were enough alike to warrant standards negotiations. At the behest of the major customers, CBS and ABC, a standards working group comprising representatives from Sony, Ampex, and several other SMPTE members negotiated a compromise format in 10 months. By January 1978 the new C Format, essentially Sony’s format modified for use with Ampex’s automatic scanning module, was formally accepted by the SMPTE. Both companies had made concessions that would cost them some months’ design rework. The helical machines that the companies had already sold could, under the terms of the agreement, be upgraded with kits to use the C Format.


VPR2 Design Program


Under pressure to produce their design speedily, the Ampex design team turned to its task of designing a second-generation helical video recorder. The Ampex team adopted three original design goals: 1) to adapt their product for use with the C Format; 2) to keep as many parts and processes compatible with the VPR1 as possible; 3) to correct known problems with the VPR1 design. Grantham discussed the effort:


EXHIBIT 2


VPR2 Configurations and Price List, January 1, 1979




Like the VPR-1, the VPR-2 is available in various configurations to suit any need.


Basic Machine


In its basic configuration, the VPR-2 can be rackmounted, or installed in the convenient “tabletop” housing.


Mini-Console


When used with the Ampex TBC-2 Digital Time Base Corrector, the VPR-2 and the TBC can both be installed in the optional mini-console.


Studio Console


This optional console provides space for the VPR-2, a TBC-2, and other options and accessories.


Studio Console with Monitoring


When fully equipped with optional monitor bridge, the VPR-2 system includes a color picture monitor, a waveform monitor, and vector display.


When mounted in one of the console configurations, the VPR-2 can always be removed and used in its basic record-playback configuration.





We soon realized it was easier to design a new machine than to fix all the problems with the old one. After two weeks we assigned three engineers to do the upgrading kit for the VPR1 while the rest of us concentrated on producing a good C Format machine. When we were finished, the VPR2, with an entirely new scanner assembly that was three times more accurate, was a substantially better machine than the VPR1.


Of course the manufacturing people were unhappy about the new design. We had passed the design deadline, and the manufacturing people claimed the machine was impossible to manufacture. But we were far more concerned about the manufacturing aspects of the design than usual. We’ve not only given the factory the product design, we’ve shown them how to make it. One of our best engineers spent time designing tooling for the scanner. In fact, the tooling is the chief proprietary aspect of the product [see Exhibit 2 for VPR2 product information].


Manufacturing


In the early days of the company, audio-video manufacturing had been located in the Redwood City headquarters complex. By the late 1960s taxes and union wage rates had risen sharply in northern California, and Ampex had moved a large part of its manufacturing 1,000 miles away to nonunion plants in Colorado Springs, where Ampex built a large (250,000-square-foot) two-story plant that housed both its fabrication facilities and its audio-video assembly and test operations (see Exhibit 3 for AVSD organization).1 Colorado had begun its operations by assembling mature high-volume audio products. By 1978 the plant housed 80–90% by unit volume of AVSD’s manufacturing capacity and employed 1,800 people.
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EXHIBIT 3


AVSD Organization Chart, January 1978


[image: Image]





Ampex AVSD also employed 300 people in Sunnyvale, California, about 20 miles from Redwood City. Sunnyvale handled special projects and small-volume products that did not seem suited for Colorado’s large-scale approach. Most of Sunnyvale’s engineering staff had transferred from Redwood City.


Some members of the corporate engineering staff said the Colorado plant ought never to have been built; most expressed a low regard for its performance. They said the factory had a history of being unresponsive to their needs, and they complained that it paid less attention to quality and on-time delivery than to keeping down manufacturing costs. Terry Warner, a member of the engineering support staff, described the Colorado plant’s approach to manufacturing.


The philosophy at Colorado has always been to deskill the operator; make the machines do all the thinking. When it comes to assembling new products, that’s a problem because the assemblers lack the skills and the necessary judgment to assemble tight tolerance subassemblies, for instance. It’s no wonder manufacturing engineering insists that tooling be foolproof.


Ken Leonard, plant manager at Colorado Springs, responded to the criticisms from Corporate Engineering:


Manufacturing has to worry about reliable details and unrealistic schedules. We are responsible for keeping materials costs down and getting volume production up on time. We are always squeezed between an optimistic product delivery date set by marketing and a pessimistic part delivery date set by a supplier with a long lead time. Designers are impractical, undisciplined people who can never make up their minds. Their prototypes are put together by engineers with sandpaper fingers who know exactly what effect they are trying to achieve. These designs defy assembly by a bench worker working for $5 an hour from a vague set of blueprints and a list of approximate specifications.


A major burden on AVSD manufacturing at Ampex were the engineering change notices. (ECNs were official notifications from the design team to the factory engineering staff and purchasing people that a part substitution had been made.) The Colorado plant typically had 31,000 separate parts on hand of which about half were purchased. Typically 15% of this number changed over in one year. To cope with the task of inventory control the factory installed a computerized materials requirements planning (MRP) system in the early 1970s, but recording and updating the data base placed such demands on the materials people that the system had not been reliable.


In 1977 Gary Herold, who joined Ampex from the computer industry, was appointed corporate director of materials and given the task of gaining control of the materials situation in Colorado. Herold said:


When I arrived in October 1977, we had a horrendous inventory problem. We had 300 people in materials handling, and they were costing us 20% of direct materials. We were coping with 80 ECNs per week of which 60 were marked mandatory. It took a week to put a change through.


I came in and set up a new system. First we separated new product parts from the rest and controlled them off line. We made a rule that we would only enter a part in the data base when the part had already been tested out and the design released, and we wouldn’t accept an ECN until there was a high degree of certainty it would be used. We are down to 20 ECNs a week. I think we’ve influenced the engineers to become much more accurate.


Product Transfer


New product transfer from design to manufacturing had long been a problem area for Ampex. When audio-video manufacturing had been located in Redwood City, the transfer had been accomplished by putting design engineers in the plant to do the early training of assemblers when necessary.


Later, when manufacturing had moved away from headquarters, several different approaches to transferring the product had been tried. First, a limited production line had been set up in Redwood City, where the design was debugged and then transferred to the Colorado plant. When that had resulted in friction between engineering and manufacturing, Sunnyvale had been used as a start-up facility from which the product was transferred to Colorado Springs only when the design was considered firm. Redwood City’s engineers could easily visit Sunnyvale.


The VPR1 project had gone through start-up in Sunnyvale. The experience had been costly in both time and money. Sunnyvale procedures and processes were typically quite different from those employed in Colorado, and the difference was accentuated because the VPR1 was a higher-volume product (at 75 units a month) than either plant was accustomed to turning out in video products.


The two-phase transfer had resulted in two complete workups for the product. Not only had VPR1 been totally redocumented for Colorado but certain tools and test equipment had been purchased twice. Colorado blamed the loss of learning on the early units for keeping the factory from bringing down costs and achieving target production volume on schedule. The transfer of information between the two plants’ materials control systems had also caused substantial losses on materials. It was rumored that the project had dropped $37,000 in two weeks because of typographical errors alone. Overall, inaccurate part numbers and unrecorded or belatedly recorded changes pushed the materials wastage figure to $150,000 over budget by $100,000. Eighteen months had elapsed before saleable units were being produced in Colorado Springs, and customers had waited for their VPR1 units as much as a year after ordering them.


Gary Herold commented on the types of problems that had occurred in the VPR1 program:


Engineering worried only about its design. They let manufacturing worry about how to make it work: if manufacturing couldn’t make the design work then manufacturing was incompetent. Here at Ampex, engineers have always missed design schedules, and they’ve always been allowed to run over because to enforce a design date would be to stifle creativity. Meanwhile, the factory has always been held to its original product introduction date. This has left the factory with the largest amount of work to do in the shortest amount of time.


As a result of the experience on the VPR1, it was decided to put the VPR2 directly into Colorado Springs from Redwood City. The new Colorado Springs plant manager, Ken Leonard, set up a New Product Manufacturing Team especially to handle the interface with Redwood City engineering. The new product group contained two project engineers and one purchasing manager: the first time these functions had answered to a common boss in Colorado (see Exhibit 3). Previously, new products had been handled by the regular staff.


Everyone knew that the VPR2 was going to be a very important product for Ampex and much different from the VPR1. Original marketing projections had been 600 units the first year, but by January 1978 1,200 units were on backorder and revised forecasts kept appearing from marketing as further orders came in from new types of customers. To meet new projections Colorado would have to produce 260 VPR2 units per month. At the new rate the VPR2 would constitute 70% of the Colorado plant’s total unit volume when it was being produced at full volume.


Ampex manufacturing personnel saw the VPR2 as a formidable manufacturing task in other ways as well. Attention to quality would be paramount, since Sony was known for its high-quality manufacturing. Cost control would be even more significant than it had customarily been because helical recorders were lower-margin products than quads had been. Scrap was budgeted not to exceed $500,000.


The schedule established in July 1977 allowed four months to complete initial design and nine more months before the first 20 sale units were to be delivered early in September. Full-volume production was to be reached in January 1979, by which time it was hoped that labor content might be approaching the steady state goal of 21 hours per scanner. Prompt delivery would be crucial for broadcasting customers, especially those who had ordered hundreds of units for use in the winter and summer Olympics of 1980. According to marketing, inability to promise early delivery might be the determining factor in European sales, where Bosch would be a strong competitor.


Product Matrix Engineering


By October 1977 the VPR2 design team was still not willing to give out much information about its design. Advance indications of product specifications alarmed the manufacturing staff. The tolerances of the new scanner mechanism were said to be 10 times more exact than those of the VPR1. Eighty to 95% of the VPR2 parts were to be new. Essentially only the motor and the transport mechanism remained compatible. In all likelihood these differences would mean major changes in the way the product had to be manufactured. Higher skilled assemblers, an environment controlled for temperature and humidity, and a complex testing procedure might all be necessary.


The Colorado plant’s New Product Manufacturing Team members were anxious to gain information to give to their prospective vendors, especially since components were likely to be higher precision than usual. However, the designers would commit to very little, and they resisted taking time to put their specifications on paper until they were ready to call the design firm. Lacking definite information, the manufacturing people could do little in advance without risking substantial materials wastage.


In October a decision was made to establish a liaison effort between new product engineering and manufacturing on the VPR2 project. The frequent arguments between engineering and manufacturing were becoming heated. Although it was doubtful that the design team would meet its scheduled deadlines, Richard Rothmann, Ampex’s executive vice president, had warned the Colorado plant that no slippage would be tolerated in the September 1978 product shipment date.


Ted Burroughs, a former Ampex employee who had left to manage a smaller company several years before, was hired to coordinate the liaison function as an engineering support group. Named assistant to the chief engineer AVSD, Burroughs decided to adopt a matrix form of project management, which he called product matrix engineering.


Burroughs explained the philosophy of his group as follows:


PME was envisioned as a natural buffer between Manufacturing and Engineering. Previous attempts to establish a high-level liaison had been unsuccessful. When I was hired there was more discussion as to whether the head of PME should be at general management level; but the key idea was to start at the grass roots level this time, to resolve conflicts before they reached higher levels. It was important that neither side felt that the PME head was in the opposing camp. We represented the factory to Engineering and Engineering to the factory.


Burroughs’s criterion in selecting people to be on the PME team was what he called the “green beret principle,” requiring each to have experience in more than one function. Bob Ferrante, for example, Burroughs’s next-in-command, had been with Ampex for 17 years. He had worked first on the limited production line in Redwood City and later at Sunnyvale, always with skilled people on small-volume or custom products. Later, as a junior engineer, he had become involved in interfacing with the Sunnyvale factory on several projects.


At first the role of PME was loosely defined. In general the group concerned itself with aspects of the product start-up that mattered most to the factory: documentation, cost structure, and materials control. Its responsibilities evolved partly in response to the VPR2 design. As the design became more complicated and the start-up and production tasks it required began to exceed the previous experience of the manufacturing group, PME assumed more responsibilities.


PME devoted several months to improving the amount and quality of information that passed between engineering and manufacturing, especially discovering the advance information the factory needed about critical parts before the design was released. (Critical parts were those that had long lead times or were exceptionally difficult to procure either because there was a limited number of qualified suppliers or because a part was unusually exacting in its specifications.) PME members also notified the New Product Manufacturing Team when meetings were held on program decisions that would affect them. Gradually they gained the confidence of the Colorado New Product Team, but Engineering also had to be convinced. Terry Warner recalled that it was six months before the design team also trusted him.


To assure continuity and accuracy of information, the PME team developed new procedures and documentation devices for Ampex. A drawings tree (the Xmas tree) identified by number the drawings that were needed for each subassembly. A material status chart was a bill of materials color-coded to indicate PME’s confidence level concerning the likelihood of a part being used in the final design. Such documents formed the basis for frequent project reviews and served as control feedback documents. Warner explained:


As soon as we could get any information at all about a part of the VPR2 design, we would publish an initial compilation which would stimulate responses from the design engineers. Then we would update and republish our charts and documents immediately and repeat the same procedure. Each new piece of information was factored into the schedule to come up with some idea of a critical path. And each time we were reasonably confident about a new part number, we would pass it along to Colorado.


Procedures were also established for document control of engineering changes. Every ECN had to go through the same people both in Redwood City and in Colorado in the same order. Setting up documents and procedures alone took several months of full-time work.


By March 1978 most members of the PME had been accepted as individuals, and the group began taking on tasks that were more than simply interface responsibilities. Burroughs insisted that the group farm out everything it possibly could to the factory, but a number of tasks had arisen, such as precision part purchasing or fixture testing, that the factory did not have the resources or the time to handle. Since an expanded role for PME would require top management approval, Burroughs proposed a more formalized PME structure that would also act as project interface for other new products to be transferred between Redwood City and satellite factories. The VPR2 program would continue to receive highest priority until it was completed.


Burroughs requested and received a budget of $500,000 for equipment and permission to hire assemblers. This allowed him to set up a small scanner assembly laboratory and to take on a supplementary role in purchasing and prototype building.


The new PME organization consisted of 17 people (see Exhibit 4). Initially it was agreed that PME should order parts for, build, and assist in testing 14 engineering models of the VPR2 system.


As soon as the initial design was completed, the first prototypes were built. The PME assembly group proved to have real advantages as prototype builders and fixture testers. They could give engineers instant feedback on the product design and fixtures, from people who were more representative of bench work labor available in Colorado than the engineers would be. The nine PME assemblers were medium-skilled technicians paid $8.50 per hour. They could read blueprints, and they each learned to do a variety of jobs. All of them learned to put together major parts of an entire scanner.




EXHIBIT 4


PME Organization Chart, March 23, 1978
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NOTE: Personnel in parentheses totals 17.


As time became short, Burroughs proposed to do 100 scanner modules in Redwood City, while Colorado geared up for the system assembly first. PME would calibrate scanner assembly fixtures, assemble and test the engineering models, and then assemble and test the first saleable units. Then personnel from the Redwood City scanner laboratory would transfer to Colorado Springs to help assemble the first scanners there. Meanwhile, PME would assemble and ship the 20 saleable units to be delivered in September.


Disagreement arose over the number of scanner units that Redwood City should build. The engineers were pleased with the PME assembly’s early performance and argued that at least 200 saleable scanner modules should be produced by PME. Colorado argued that it needed to have control over those important parts of the VPR2 systems. Prime costs, both materials and labor, would be twice as high in Redwood City. Labor rates in general were higher in Redwood City than in Colorado, and parts were much more expensive. While Colorado purchased in larger lots and could promise longstanding relationships with reliable suppliers, Redwood City bought only small numbers and was known among vendors for its willingness to pay a high premium for immediate delivery. It was also known to have no entry check on parts so that material delivered there often had to be reworked in the model shop. The adapter casting, one critical part of the scanner, cost $90 when purchased by PME in a lot of 150, $25 when purchased in an 800-unit lot by Colorado from the same vendor. In the end, the number of 70 saleable scanners was accepted as a compromise figure for PME to assemble.


Outcome


The VPR2 program met each of its stated goals. Twenty completed systems were shipped on schedule in September 1978. The Colorado plant was turning out completed systems at the rate of 100 per month by January 1, 1979, though it had yet to assemble saleable scanners. Seventy scanners had not been enough to debug the new tooling, and Burroughs had transferred them later than planned. The material scrap-page cost charged on the VPR2 product start-up was $10,000, a fraction of the amount budgeted.


Manufacturing engineers at the Colorado plant noted, however, that there had been additional costs associated with PME’s handling of the VPR2 start-up that had not been captured by conventional measures. Since printed circuit board purchasing had been handled by the PME Group, for instance, rework in the model shop of perhaps $50,000 had been absorbed into engineering overhead rather than charged to manufacturing (see Exhibit 5 for unit cost information about the first 150 scanners assembled). The 11 complete systems assembled at Redwood City had prime costs 50% higher than expected steady state system costs were likely to be, while the first 10 assembled in Colorado were only 25% higher than steady state.


Customarily the Manufacturing Engineering Group in Colorado handled tooling for new product assemblies in their own plant. It had been a blow to their morale to be passed over on VPR2. Redwood City’s decision to design the fixture for the VPR2 scanner was interpreted as a sign of low esteem for their capabilities at headquarters. They complained that the fixtures designed in Redwood City were $100,000 more expensive than they might have been, and that the tooling required too much judgment from assemblers. Peter Davis, an engineer at the Colorado plant, explained the consequences:


EXHIBIT 5


VPR2 Scanner Cost History, First 150 Units






	 


	Scanner Prime Cost Index







	Number of Units


	Labor


	Material


	Total







	1 NAB prototype


	   3


	   3


	   6







	10 demonstration models


	   .7


	2.9


	3.6







	120 PME limited production


	.48


	1.32


	1.8







	20 Colorado early models


	.36


	  .94


	1.3







	Expected steady state


	.33


	  .67


	1a








a Base = prime cost (labor and materials) for scanner in steady state. Scanner represents one-eighth of total system prime cost. Labor accounted for 33% of scanner prime costs as compared to 60% of system prime costs. Total factory cost includes additional 300% factory overhead.


So far, we’ve been trying to put together the scanner here at the plant using selected employees with their old job grades and giving them merit pay for scanner work. But we may have to hire a more skilled grade of employee to get the consistent quality output we have to have. An extra $1 per hour will increase the prime cost significantly, but getting good output the first time will put less strain on our testing capacity and improve our volume performance considerably.


Because of the evident success of the VPR2 program, many key PME members were promoted out of the group. Burroughs was named operations manager in the Data Systems Division. Ferrante was given the title of engineering section manager when he succeeded Burroughs as PME head. Jerome Topping, head of Manufacturing Engineering in Colorado, praised the PME Group but expressed concern about the effect the promotions might have:


PME worked well as our eyes in Redwood City. But I am worried about what’s happening now. The key to this type of group is continuity. It took us a long time to learn to trust the PME people as individuals to represent our interests fairly when we weren’t there. Of course, the matrix structure and the new control procedures were partially responsible for PME’s success, but I’d have to say that it was probably 70% people and 30% procedures. PME needs very strong interface types with a high level of authority, people who can insist on getting a part order released, for instance, where it’s appropriate.


Even though no new products as critical as VPR2 were expected during the next year, there was clearly more than enough work to keep a PME group occupied. Already under Ferrante, PME was being deluged with requests to take on new types of work that the group had not originally been set up to do. Because of the small assembly group’s skill and flexibility, several product managers wanted PME to build their saleables for custom products. PME had also earned a reputation as a good training center for lead assemblers through its training of the scanner assembly team from Colorado. Ampex’s plant in Juarez, Mexico, wanted to send a group of leadmen to be trained by PME to assemble a new solid-state computerized editing system. Taking on either the training work or the assembly of saleables would soon require a larger PME staff, but Ferrante thought he could easily find 20 more people (mostly college students) to work as PME assemblers during the summer. The old PME quarters, located between Design Engineering and the model shop, would be too cramped to accommodate any extra people, but Ferrante knew of some unused storeroom space on a floor two stories below, where PME could set up expanded quarters.


PME was having some problems with other new product transfers it was coordinating. The VPR20, portable version of the VPR2, was supposed to be transferred to Sunnyvale, but had slipped far behind schedule at the prototypes stage. The design engineer in charge of the VPR20 had taken the project out of PME to build the demonstrator models in Engineering on a six-week crash effort before the NAB convention in March 1979. PME members blamed the delay on a single-source part that had not been delivered on schedule, while the designer blamed PME for paying so much attention to building saleable VPR2 scanners that they missed their deadlines on his lower-priority project.


PME Future


Inside Ampex, ideas differed as to the role PME should play in the aftermath of VPR2. Certain design engineers argued that their new products should now go directly to Colorado. They cited recent quick response time from the plant as evidence that Colorado’s New Product Manufacturing Team was becoming effective. Warner wondered whether institutionalizing PME would make it a less effective form of organization to use in a crisis—”a peacetime army.”


Doug Grantham, as new engineering manager, wanted to keep PME as a short-run production facility under the control of Engineering. It could continue to produce prototypes and demonstration models, and it could do saleables when its services weren’t otherwise required. “Of course what I’m really saying is I trust Bob Ferrante, not PME. PME without Bob Ferrante, I’m less sure of. Who knows whether the person who succeeds him will be as capable?” Herold commented:


Ampex can do better than PME. What really needs to happen is for the factory to be involved directly in the design process. Now that the New Product Manufacturing Team has some experience, they should be able to manage the transition alone. We might consider a small liaison group at Redwood City, but they should be factory generated and under factory control.


Of course, it suits Engineering to keep manufacturing capabilities limited. Your average high-technology company represses innovation in the factory because it inhibits innovation in design. But we’re no longer in a controlled marketplace willing to wait for its products.


Past and present members of PME also disagree as to if and how their group should continue. Ferrante wanted an ongoing organization with a flexible role, “You can’t have fixed and hard rules about what should be done for every project ahead of time. On some we just check the documents; on some we can proof the design; for some we handle purchasing, and for some we might go so far as to build saleable units.”


Burroughs’ Response


Burroughs began writing his answer to Hirschfeld:






	TO:


	M. Hirschfeld







	FROM:


	T. Burroughs







	DATE:


	March 31, 1979







	SUBJECT:


	PME Future








As I see it, Morris, you have three options. You can keep PME as it is, a grass roots organization reporting to Engineering; you can put an end to it and leave its most important functions to be picked up by the New Product Manufacturing Team, or you can give PME the status I think Ampex’s business now demands and appoint the head of PME as a general manager reporting directly to you.


Such a person could be involved in the earliest project planning session and could take part in new process decisions that would affect many new products. The decision whether to adopt automatic component insertion equipment for electronics subassembly is an example. This person would have the power to keep good integrators in the group and develop them, not have them promoted away when they showed capability. Finally this manager could insist that it be standard procedure for all new products to go through PME before entering the factory.
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Braun AG: The KF 40 Coffee Machine (Abridged)



“If we’re going to do it, we’ve got to quit stalling,” exclaimed Albrecht Jestädt, head of development for a new coffeemaker at Braun AG. “I’ve said all I can about polypropylene, and I’m convinced we can go with it,” he added, taking another sip of his beer.


At the end of the day in January 1983, Jestädt and his colleagues were discussing Braun’s newest design: an elegant, cylindrical coffee-maker, called the “KF 40,” destined for the mid- and upper end of the mass market. To meet management’s cost targets, however, they would have to use polypropylene, a much less expensive plastic than Braun’s traditional material, and whether so doing would jeopardize Braun’s reputation for quality was a matter of intense debate throughout the company. Unlike the very expensive polycarbonate, Braun’s traditional material, polypropylene could not be molded into large, complicated parts (like the KF 40’s “tank”) without suffering so-called “’sink” marks on surfaces that were supposed to be flawlessly even. So the designers had devised a solution that involved a major departure from the smooth, winter-white surfaces characteristic of all Braun household products. (See Exhibit 1 for a prototype.)


“The decision is obvious,” claimed Gilbert Greaves, business director for household products. “We need this product now, and we have to stop being quite so picky.”


Copyright © 1992, Design Management Institute, Boston, MA.


“I think we should be picky,” said Hartwig Kahlcke, the industrial designer on the project. “But we feel that the rippled design for the tank actually enhances the surface appearance, without compromise.”




EXHIBIT 1


Prototype for Braun’s KF 40
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“Maybe,” said Hartmut Stroth, recently appointed director of corporate communications. “But it’s no trivial matter. It’s true that if we lose a year, we might not get in the market at all. Yet nothing is worth losing our reputation for superior quality. Not even the mass market.” Stroth, who had served for over a decade in various communications positions at Braun, was very sensitive to the importance of Braun’s “visual equity” and the need for maintaining it: “Not only do we have to think hard about how this corrugated surface design would fit into the Braun ‘look,’ but also about what that look represents. The idea of using design to mask sink marks bothers me in principle, and it may not work in practice, especially if the stuff doesn’t hold up. I’m anything but risk-averse in this business, but I need to be convinced.”


“Then let’s go ahead with the trial tooling,” Kahlcke responded. “The chairman has already okayed it; maybe that will convince you.” Not waiting for Stroth’s response, Kahlke inquired about the chairman’s views to date. “I know he liked the design, and I know he wants the product. What does he think about the material at this point?”


“You tell me,” answered Lome Waxlax, chairman of the board and Braun’s CEO. He would have to make the ultimate decision and had just dropped in, as was his custom, to get the latest thinking on the KF 40.


Company Background: Braun by Design


Braun AG began as a family-owned radio and small appliance business founded in 1921 by Max Braun. In the 1940s, Braun developed a novelty, the electric razor, which he introduced in 1950. After Braun’s death in 1951, his sons, Artur and Erwin, took over, and three years later they asked their friend, Fritz Eichler, an artist then working in the theater, to help them find a new approach to their struggling business. In 1955, looking for an architect to help build a new office building, the company hired Dieter Rams, just two years out of architecture school.


Rams became Eichler’s protégé, and together they built a small, intense design department at the company’s headquarters in Kronberg, Germany. Convinced they could change the taste of their fellow citizens, Eichler, Rams, and colleagues set out to design and build a new kind of product. (See Exhibit 2 for Rams’ ten commandments of good design.)


Eichler and Rams believed that their design philosophy should permeate the company, providing a recognizable identity not only in its products, but in every aspect of its relations with customers. (See Exhibit 3, “The Principles of Braun’s Corporate Identity.”) In Rams’ view, achieving that identity required top management support of good design, and team work—constant interaction among disciplines. But designers also needed certain responsibilities and authority; otherwise, they would arrive, at most, at “superficial product cosmetics.”


According to Rams, designers needed four things. First, they had to be responsible for configuring all elements of the product that would influence its final appearance. Second, designers needed the authority to determine the dimensions of a product—e.g., the positioning and ergonomic design of its operating functions; third, they must be the ones to decide on surface structures, colors, product labeling and imprinting; fourth, they needed to cooperate with the engineers on construction problems—e.g., manufacturability—whenever the form of a product directly depended on the construction.


EXHIBIT 2


10 Principles of Good Design




1. Good design is innovative.


2. Good design enhances the usefulness of a product.


3. Good design is aesthetic.


4. Good design displays the logical structure of a product; its form follows its function.


5. Good design is unobtrusive.


6. Good design is honest.


7. Good design is enduring.


8. Good design is consistent right down to details.


9. Good design is ecologically conscious.


10. Good design is minimal design.


“Braun has an uncompromising commitment towards the pursuit of excellence in performance-oriented design. Every product designed and manufactured by Braun must adhere to these commandments of good design. So, too, should every consumer demand such quality in the selection of a product—be it furniture, clothing, an automobile or a home appliance. “


—Dieter Rams


Braun’s Chief Designer





EXHIBIT 3


The Principles of Braun’s Corporate Identity




“Braun regards the consumer as a partner in its business, not as an object of its strategy that is open to manipulation.


“Braun believes that consumer desires relate to genuine needs, and employs its expertise, inventiveness, know-how, etc. to satisfy these needs.


“Braun seeks to satisfy these needs in an optimal way, perhaps even better than the consumer expects.


“However, Braun refuses to persuade people to buy its products on the basis of a presentation which meets—or pretends to meet—entirely different needs (which are not amenable to rational consideration) for prestige, ego-support, ostentatious consumption, cosmetic effectiveness, etc.


“Braun refuses to exploit human weaknesses to improve its results, and rejects any means of ‘hidden persuasion.’


“Braun also rejects all methods involving purely superficial attraction: in place of this, it has demonstrated that firm concentration on product design which is as good and functional as possible—including external aspects—is also experienced as aesthetically satisfying.”





Although Rams was not without critics, his work was an effective counterweight to the popular assumption that designers merely dreamed up the external form of a product. Moreover, he adamantly stood by his own definition of “functional”: that the purpose of good design is to fulfill the primary function of a product, including its need to be appealing to the user so it would be a welcome object in his or her environment.


By the mid-1970s Braun had built a thriving business, primarily in small home appliances (e.g., shavers, coffeemakers, and mixers), with additional sales in consumer electronics (e.g., cameras and hi-fi equipment). Further, the Braun design group was succeeding in its mission. One of their first products, a heavy-duty kitchen mixer (1957), was still in production and selling well. Most famous was their shaver, familiar to men all over the world. Many Braun products had won design awards; 36 of them, including Braun’s first coffee-maker, had found a permanent place in New York’s Museum of Modern Art.


The company’s mission was carried out not only in its products, but in its people. The company’s principles had permeated its corporate consciousness and were second nature even at lower levels in the organization. Almost any employee could tell a visitor that Braun’s values were embodied in its products, which had to have three characteristics: (a) first-class design; (b) superior quality; and (c) functions or features ahead of the competition. “We’ll never bring out just a me-too product” echoed in every department.


The Gillette Connection


In 1967, the Braun brothers sold the company to an American consumer products giant, Gillette, well known for its mass-produced, mass-marketed products like razors, blades, and toiletries that had been marketed in Europe since the turn of the twentieth century. For the first several years, Gillette left Braun’s product strategy intact while infusing some of its management expertise into the organization. In fact, very few people knew that this German company par excellence had an American owner. But Braun soon began to expand its operations in other countries and extend its target markets beyond the opinion leaders it had originally cultivated.


For example, in 1971, Lorne Waxlax, a Gillette manager since 1958, took charge of Braun’s Spanish plant. He largely refocused the operation, emphasizing product development, sophisticated manufacturing, market research, and television advertising. The plant manufactured Braun’s first successful mass-produced kitchen appliance, the hand blender, and served as the training ground for Braun’s mass-produced appliance motors. By the early 1980s, Braun’s sales exceeded $400 million (see Exhibit 4).


Braun’s Organization and Operations


Braun AG in 1983 was organized into three main functions: business management, technical operations, and group sales. (See organization charge in Exhibit 5.) Business management, a coordinating group established in 1976, was essentially strategic marketing. Until Gillette came along, Braun had assumed that if one made a good product, it would sell. And it generally did. But in 1975, marketing became more important, as the domestic and international marketing people came together under a single group. A director for each product group reported to the head of business management, as did the director of communications, which included packaging.


Braun invested heavily in technology, and all key technically related disciplines were based at company headquarters under Dr. Thomas H. Thomsen, recently appointed director of technical operations. Previously, he had been head of engineering for Gillette in both London and Boston. Technical operations comprised four functional groups: R&D, Manufacturing, Quality Assurance, and Industrial Design.


The research and development department employed 220 people and included scientists and engineers working on advanced technology, as well as those involved in product development. R&D was headed by Dr. Peter Hexner, an American ex-army colonel who had directed Gillette’s advanced technology department for 10 years. He commented on the challenge of balancing technology with the demands of design: “We have the classic conflicts. Design wants an elegant shaver a centimeter thick, and I have to knock reality into their heads: ‘You can’t fit a motor into a case a centimeter thick.’ ”


Process development and manufacturing engineering were part of the manufacturing organization, which managed Braun’s component and assembly plants. Over three-quarters of Braun’s manufacturing activity took place in its two large state-of-the-art plants in Walldürn and Marktheidenfeld (smaller operations were located in Spain, Ireland, Mexico, Argentina, and Brazil). Because of German labor’s high cost, the manufacturing organization was continually pressured to produce efficiently, particularly in a plant like Marktheidenfeld that produced a wide variety of low volume products including kitchen appliances. (For example, the plant produced around 700 units of the KF-35 coffeemaker per day.) While efforts to improve operations included automation, especially assembly, more challenging was designing a product so it required minimal assembly. “Anyone can make a cheap product with many parts and hire cheap labor offshore to screw them on. But not everyone can reduce as many parts as possible to one,” said Bernard Wild, plant director at Marktheidenfeld. “We can prove that advanced industrial nations don’t have to forfeit manufacturing just because their labor costs are high. Our resources are in our brains and imaginations-our know-how.”


EXHIBIT 4


Braun Group Financial Information (millions of dollars)






	 


	1980


	1981


	1982







	Net sales


	$496.1


	$451.4


	$403.4







	Profit from operations


	23.6


	22.8


	33.3







	Identifiable assets


	384.3


	325.2


	301.5







	Capital expenditures


	21.5


	23.6


	20.4







	Depreciation


	17.3


	18.9


	16.6










EXHIBIT 5
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Quality assurance was responsible for analysis of competitive offerings and rigorous testing during the product development process. Because Braun insisted that all its products be better than those of all the competition, the quality group relentlessly pursued the smallest detail with very high standards. As Werner Utsch, a quality engineer, commented, “We take them apart down to the last screw.”


The fourth group in technical operations, industrial design, had an impact on the company far beyond its 16-member size. Indeed, Dieter Rams, head of the department, felt that small size was an important ingredient in its success. The department employed seven designers, most of whom had won the Braun Prize, a design award the firm had offered to design students since 1968. By 1983 Rams’ international stature often resulted in his being equated with Braun design almost exclusively. Yet he found this star status awkward: “I constantly have to stress that I don’t do everything; I’m simply the motor that drives the department. I try to give other people the credit they deserve.”


Until recently, Rams had reported only to the chairman. But because of time limitations, Waxlax assigned industrial design to technical operations, where most problems could be solved. The direct line to the chairman remained, but was used only for the most important issues and impasses. Rams noted, “I’ve had a good understanding with every chairman I’ve worked with. But often designers aren’t so lucky. We often educate business management people to the point where they begin to understand design and are supportive to us, but then they leave.”


Product Development: The Triangle of Power—Design, Technology, Marketing


Product development had been relatively informal until 1980, when three people, representing R&D, business management, and manufacturing engineering, came together to develop procedures to make the process more operational and efficient. The result was a product development manual, introduced in 1981, that covered the responsibilities of key persons in a team (called a MTS team, for marketing-technology-strategy), definitions of elements in project development (e.g., different kinds of models), product specification guide, stages (”categories”) and signoff points in the process. (See Exhibit 6 for the project manual’s table of contents.)


The “product program manager” (PPM) was responsible for maintaining these procedures; he or she chaired team meetings and represented the team vis-à-vis management, reporting directly to the head of technical operations or business management. The team itself had no formal leader. Various people took over as the stage in the product development process dictated, and stronger personalities could be influential; Jestädt, for example, first as product program manager, then as R&D manager for coffee, had quickly emerged as the de facto leader of the coffee machine project. (See Exhibit 7 for the PPM’s and team’s formal responsibilities.) In addition to the core team, people from other groups and disciplines—sometimes as many as 40—became involved as the project proceeded.


EXHIBIT 6


Contents of Product Development Handbook






	 


	Chapter







	Project Procedures for New Products


	1







	Introduction


	1.1







	Goals


	1.2







	Assumptions


	1.3







	Tasks, Competence, Responsibilities


	2







	Project team


	2.1







	Project manager


	2.2







	Project team representatives


	2.3







	Project Development Procedure


	3







	Assumptions/principles


	3.1







	Implementation


	3.2







	Definition of terms


	3.3







	Exceptions


	3.4







	Project Profile


	4







	Explanations


	4.1







	Forms for project profile


	4.2







	Project Reporting


	5







	Project book


	5.1







	Reporting to the chairman


	5.2







	Summary


	6







	Product development flow chart


	6.1








The team’s monthly reports to the chairman had a standard format, divided into four sections: Description, Status, Further Steps, and Problems (or Risks). Although these monthly reviews were considered effective in motivating people to move toward the project goal, Waxlax did not like to use them as a threat: “The trick is to know whether the deadline is truly viable or not. It’s easy for marketing to insist on a deadline—they don’t have to do the work. I believe the engineers know better than I how fast the team can go, and for that reason I don’t want to force it unduly.”


Waxlax saw the meetings as an efficient way to keep up to date on all that was going on and to keep on top of problems and conflicts as they arose. He didn’t believe in minimizing conflict, but saw it as positive for the company: “It’s often the guy who is against something who forces it to become better.” He also viewed the monthly meetings as “a chance for me to encourage people,” he added.


The point at which a project became formal and began to adhere to the Projektablauf [Project Procedures] varied. If, for example, a project had proceeded informally rather far in its development before entering the formal product development process, it might simply be formalized and have product specifications delineated. In its early stages, a project like the KF 40 might have provided monthly reports to the chairman for some time before becoming a formal project. (See Exhibit 8 for the Braun product development process line.)


The industrial design department played a central role in development, particularly at the front end of the process. Because most key disciplines at Braun were located in the same building, much communication about development took place informally, and no one really kept track of where ideas came from and when they first got together with a colleague from another department. That design, because of its reputation, often received disproportionate credit for a product occasionally irked some engineers and scientists, whose contributions were less visible. Well aware of this problem, the company’s chairman accepted the responsibility of keeping the rivalry healthy.


Industrial design’s relationship to other departments varied. Within the “triangle of power” (design-technology-marketing), design felt most akin to technology. The designers kept up with new developments in such fields as materials science, for example. “We understand technology, so when we have an idea, it is not unrealistic technically. We don’t come up with totally impossible ideas,” explained Rams. Likewise, with manufacturing, the group knew what it meant to design a product for manufacturability; if they were having difficulties, all they had to do was to go down the hall and across the parking lot to the engineering building. Such interaction among all disciplines was daily fare at Braun.


EXHIBIT 7


Formal Responsibilities of the Project Manager and Project Team Members*




The Project Team


Tasks


• Collective development of the project goals and procedures (the Project Profile) on the basis of the product concept determined by the MTS team as well as the product profile.


• The assignment of functional-specific tasks to the relevant team member.


• The independent solving of problems in order to reach the goals articulated by the project profile.


• The development of alternatives when deviations from the project profile are necessary and the formulation of written proposals for changes for approval of the MTS team.


Authority


• Shortening of the planned course of product development when possible through changes in the project profile.


Responsibility


• The responsibility of the project team consists of the responsibility of the individual team members and the project manager.


The Project Manager


Tasks


• Overall coordination of the project from planning to production startup and control over fulfillment of project goals.


• Requisition of representatives from functional departments and the establishment of a project team.


• Calling and running of project meetings; preparation of meeting reports.


• Maintenance of the Project Book.


• Written records of project assignments.


• Planning and implementation of phase reviews at the end of each development category and whenever needed.


• Reports to product line manager.


Authority


• The right to direct information from team members and their superiors in the respective departments.


• The right to make necessary changes in the project profile and to submit written proposals for changes for approval by the MTS team.


Responsibility


• For coordination of


– individual assignments in all functions.


– project procedures.


– information flow (including among team members).


– supervisions of costs, deadlines, and performance in accordance with the project profile.


• For the content of the project profile and project reports.


• For assuring that any changes in the product objectives set by the MTS Team are made only in exceptional circumstances and only with the approval of the MTS team.


The Team Members


Tasks


• Handling of tasks in his functional area.


• Assure readiness, in cooperation with the product line supervisor, for his department’s contribution to the project.


• Timely reports to the project manager about the completion of his department’s tasks or deviation therefrom, in accordance with the project profile.


• Communicate information from his product line superior and other colleagues in his department.


• Nominate further representatives from his department (in agreement with the product line supervisor).


Authority


• Each team member can request that the project manager call a team meeting.


• Each team member has operating room, within the project profile, for solving problems.


Responsibility


• The team members of individual departments bear responsibility for the technical performance of their part of the work.


• The team members are responsible for ensuring the flow of information from their departments that pertains to the project.


* From Handbuch Projektablauf von neuen Produkten, section 2.





Marketing was something else, however. Business management often had conflicts with design because, said the marketers, the latter insisted on certain principles that were not always viable in the marketplace. “The problem with designers,” Greaves, director of household products, sighed, “is that they think they design for eternity. Rams will hand me a 1965 design and expect me to go for it today.” Sometimes the conflicts were trivial. For example, “one time we argued with Kahlcke (an industrial designer) over the baseplate of the mixer. Because of his obsession with details, he wanted it changed. I told him that was ridiculous, since no one would ever see it,” recounted Greaves. “The cord storage was not in the base, so there was no reason whatsoever to turn the mixer over. But Kahlcke got his way!”




EXHIBIT 8


Product Development Procedures Outline and Definitions


[image: Image]





People in industrial design had a different perspective. Noted Rams: “I don’t mind if technology has greater influence than design; we understand each other and can work things out. But when marketing gets power, it can be bad.” For example, sometimes marketing got its way with regard to color. “Why should we pay attention to color fads? Just because red cars are popular one year, why should we have a red hair dryer? It is not integral to the design.”


A New Strategy


Lome Waxlax became chairman of Braun in 1980. After his five-year stint in Spain, he had managed Braun’s non-Central European export business for three years, and then headed business management for two. Waxlax had long wanted to encourage Braun to get rid of cameras and hi-fi and to focus more effectively on its core technologies in the personal care and appliance businesses. As chairman, Waxlax could proceed with this strategy.


While narrowing the product line, Waxlax also saw opportunity in six segments of the consumer appliance business: coffeemakers, irons, toasters, hairdryers, shavers, and food preparation products. They were big, and they were constant; the market for coffee-makers in Europe alone was over 9 million units per year. Even a small percentage share would make a good business, but Waxlax was “always going for a big share.” Both business management and Braun’s designers eagerly embraced this new strategy. Rams made very clear his philosophy: good design should be for everyone.


By 1983 Braun was well established in several product families. Electric shavers were their biggest and most widely marketed product line, accounting for half the company’s revenues. In many countries Braun held first place in market share; wherever they were present, they were among the top three. The household division, whose image was represented by its classic kitchen machine, produced coffeemakers, mixers, juice presses, food processors, food choppers, and irons as well. In the personal care area, hairdryers and curling irons were the most successful, having achieved market leadership in Europe. Braun’s exports were continuing to grow: in 1982 exports accounted for 75% of its turnover.


Waxlax and his top managers wished to focus on Braun’s core products and expertise, its reputation for excellence in design, and the opportunities within grasp at the upper end of the mass market. Balancing these three dimensions of the company—technology, design, and business management—while maintaining the integrity of its corporate mission was management’s key challenge.



Coffeemakers: The KF 40 Project



One August day in 1981, when half of Germany was on holiday and the other half getting ready to leave, Waxlax wrote a memo to Gilbert Greaves, asking him to check into the possibilities for Braun in coffeemakers, a key element in the new strategy. Braun had entered the coffeemaker business in 1972 with the KF 20, a novel cylindrical design that won many design awards and was enthroned in the Museum of Modern Art in New York. (See Exhibit 9.) Available in strong red and yellow, it had entered the consciousness of upper-income coffee drinkers in both Europe and the U.S. It was, however, a very expensive machine, and expensive to produce, retailing at about DM 120.




EXHIBIT 9


The KF 20
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A few years later, the company introduced the KF 35, a sleeker version of the then popular “L-shape” epitomized by Mr. Coffee. It cost about 40% less than the KF 20 to produce, retailing at about DM 90. The design department was not fully satisfied with it: “I always thought it looked like a chemical lab sitting on the table,” declared Rams, disdainfully. (See Exhibit 10.) The unit enjoyed only average sales, about 150,000 units annually.


Braun’s major competitors in the middle-to-high-end coffee machine segment were two German companies, Krups and Rowenta. Braun’s market research defined this segment in terms of price points: DM 70 retail or above. In Germany and France, two of the biggest markets for coffeemakers, half the units were sold in that range. The market researchers were confident that a new Braun coffeemaker family offered across the entire spectrum from DM 72 to DM 136, would be competitive in Europe, where the greater part of the market (about 70% of 9 million units annually) was for replacements. An open question was how soon Krups and Rowenta would copy Braun’s design, as was their custom.




EXHIBIT 10


The KF 35
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The U.S. market was considerably less certain yet crucial if Braun was to attain a volume permitting a tolerable return on investment. “You don’t go for the small appliance business because of the margins. You have to have high volumes,” remarked Waxlax. Americans had been introduced to filter coffee systems through Mr. Coffee, a low-end product. Would they be willing to pay for Braun quality? With the currency exchange rate at DM 2.40 to $1.00, it was reasonable to expect imports to the U.S. to grow. The market for filter coffee machines was already running at about 11 million units, and penetration was still low. Braun’s distribution system in the U.S. was practically nonexistent, however, and Waxlax wondered if it could be sufficiently developed in time.


Upon receiving Waxlax’s coffee machine memo in August 1981, Greaves set to work with his people and in two months came up with a rough description of a product Braun could sell:


It should have a shortened filter, slimmer jug [than the competition]; it should come in different colors, the water tank should be opaque, the tubes should be completely covered up, the filter should be tight and compact, the thermal jug should be more elegant, lighter, handier, taller, slimmer, and presentable on the coffee table.


That idea, which marketing articulated in October, 1981, evolved into a “product profile” that Greaves circulated to key people on December 2, 1981. In this memo Greaves discussed, as Waxlax had asked, the issue of the cost/volume relationship, and presented the direct costs and price points in connection with assumed volumes. He also analyzed the market segments and defined those segments where Braun could realistically compete. He determined that (a) a range of models—at least two—would be necessary; (b) this range was defined so that it could be constructed on a “building block system” to “minimize tooling investments”; and (c) the range would enable Braun to compete in medium to high price segments, at retail prices about DM 70. This would mean that Braun had to compete with key players—Krupers, Rowenta, Siemens, and AEG—on feature, not price. To be profitable, it would have to cost fully one-third less in direct costs than the KF 35, or 60% less than the KF 20. (See Exhibit 11 for summary of Greaves’ memo.)


When the document was sent to R&D for feasibility analyses, R&D’s first reaction to the target costs was “Nonsense! You can’t make a coffeemaker for DM 23 in this company!” Nor did engineering take the idea well: “To be honest,” confessed Hans-Jürgen Dittombée, manager of industrial engineering, “we thought the cost targets were impossible. We are responsible for technical planning and didn’t see how we could get there.”


Working with Greaves on the project was a young, energetic product program manager, Albrecht Jestädt, a mechanical engineer with experience in production and engineering. Upon hearing R&D’s and Engineering’s reactions, Jestädt refused to take “no” for an answer, and set about looking for alternatives. If Braun can’t manufacture it, at least we can sell on OEM product that we design, he reasoned. Over the next year, he explored options in and outside of Germany and managed to find a manufacturer in Switzerland who could meet the cost requirements.


EXHIBIT 11


Excerpts from Memorandum “Product Profile—Coffee Machine Range” from Gilbert Greaves to G. Voigt




December 2, 1981


Background:


A key element in determining the viability of a filter-coffee machine entry is the investment/volume required. The problem is that volume depends on the range offered. [But a wide range] necessitates different tools for housings, water tanks, etc., thus increasing the investment cost for entry.


A further element determining the range is price segmentation. In Germany 52% of the unit volume is sold under DM 59; [this would require] a direct cost we cannot realistically expect from Braun.


Conclusions:


1. A range of models will be needed.


2. A range has been defined which can be constructed on a “building block” system to minimize tooling investments.


3. This range will enable Braun to compete in medium to high price segment only  . . . retail sales prices above 70 DM. We will have to compete on feature, not on price.


This document, [based on a market survey], will serve as an input to R&D to evaluate costs, feasibility, and timing based on the [following] volume estimates.


Range:


The Braun range will be differentiated from competition by the following characteristics:


1. The premium model in the range will have a thermal flask. Into this thermal flask the coffee can be filtered direct. Coffee can be held off the hot plate in the flask at 80° Celsius for 45 minutes. This prevents evaporation and aroma loss.


2. All models in the Braun range will be compatible with a special “Coffee ground dispenser.” This stores 500g of ground coffee in an airtight hopper and has a metering system allowing the coffee ground to be dispensed by cups into the coffee machine filter.


3. All models in the Braun range will have a laterally pivoting filter allowing the filter to be swung out of the machine and underneath the hopper so that the consumer does not need to handle the coffee ground at any time. The filter can be lifted out to dispense with the paper filter and coffee ground.





The range will consist of the following models:






	 


	1


	2


	3


	4


	5


	6


	7


	 







	Standard Features


	 


	 


	 


	 


	 


	 


	 


	 







	Cup à 125 cc


	8


	8


	8


	12


	12


	12


	12


	 







	Anti Drip


	x


	x


	x


	x


	x


	x


	x


	 







	Pivoting Filter


	x


	x


	x


	x


	x


	x


	x


	 







	Translucent Tank


	x


	x


	x


	x


	x


	x


	x


	 







	Pilot Switch


	x


	x


	x


	x


	x


	x


	x


	 







	Warming Plate


	x


	x


	x


	x


	x


	x


	x


	 







	Cord Compartment


	x


	x


	x


	x


	x


	x


	x


	 







	Optional Features


	 


	 


	 


	 


	 


	 


	 


	 







	Glass Jug


	x


	x


	x


	x


	x


	x


	 


	 







	Thermal Jug


	 


	 


	 


	 


	 


	 


	x


	 







	Coffee Dispenser


	 


	 


	x


	 


	 


	x


	x


	 







	Calcification Indicator


	 


	 


	x


	 


	 


	x


	x


	 







	Detachable Tank


	 


	x


	x


	 


	x


	x


	x


	 







	Fixed Tank


	x


	 


	 


	x


	 


	 


	 


	 







	Target Direct Cost


	22


	23


	29


	24


	25


	31


	36


	 







	Target Price Point DM


	74


	78


	99


	82


	85


	105


	122


	 







	Target Price point £


	18.5


	19.5


	24.75


	20.5


	21.25


	26.25


	30.5


	 







	Annual Volume Assumptions (000)


	 


	 


	 


	 


	 


	 


	 


	Total







	Year 1


	150


	50


	60


	50


	50


	40


	100


	500







	Year 2


	225


	75


	90


	75


	75


	60


	150


	750







	Year 3


	300


	100


	120


	100


	100


	80


	200


	1000








The KF 40: Problem Solving in Development


In the meanwhile Jestädt and the designer for household products, Hartwig Kahlcke, teamed up and began to develop the product. Kahlcke, a quiet contrast to the ebullient Jestädt, had come to the design department 10 years earlier, and worked on the KF 35. Kahlcke had also dealt extensively with the Spanish group because they did so many household products. “We share a vision,” Jestädt declared, “and we’re both willing to do what we have to to realize it.” That vision had as its starting point the KF 20 and its still novel cylindrical design. How could they use the cylinder within the cost parameters? They had to use less material and only one heating element to start with. “Our first design was really terrific—the water tank completely surrounded the filter. But then we realized that we had to think modularly, so manufacturing costs would be minimized, and so we had to drop it,” Jestädt recalled.


Jestädt and Kahlcke knew that the cylindrical form not only was appealing, but it used less material than the “chemical lab,” the KF 35. Going back and forth they came up with five or six blue foam models before settling on what they believed was the optimal configuration: a cylinder within a cylinder, operating on the same principle as the KF 35 but much more compact. The main novelty: It would be operated from the front, and thus it would take less space and look even slimmer on the kitchen counter. (See Exhibit 12 for initial concept.)




EXHIBIT 12


Initial Concept for the Cylindrical KF 40


[image: Image]





At the same time, other disciplines continued working on the project. R&D, after exclaiming “impossible” at the very idea, took up the challenge and looked at how to get the cost out of the heating element and many other dimensions of the machine. The cost target presupposed a single heating element for both heating the water and keeping the coffee hot, rather than the two needed for the KF 20. Within those parameters, they finally decided that they could go for aluminum rather than copper in the heating element, which would be cheaper, but it would mean different dimensions for the various parts because of differences in conductivity. Keeping the coffee temperature at 82°C was considered an absolute must by the designers and marketing alike, even though they knew it was essentially an insoluble problem because of the length of time that coffee might be held.


R&D also responded to new design concepts. Kahlcke and Rams, for example, wanted to glue the handle on the pot, and asked Engineering to explore adhesives. The design reasons were both aesthetic and functional: The conventional means of attaching the handle to the coffee jug was the metal band, which both interrupted the line of the jug and collected dirt. In the course of working on the adhesives, it had become clear that manufacturing engineering would have to design an automated gluing process, in order to keep the costs down. The good news by spring 1983 was that the design and manufacturing process was expected to cost less than the conventional metal-band method. R&D still had not found the ideal adhesive, however, one that would hold for years under heat, impact, and moisture.


R&D had other challenges. The marketing people had found that an anti-drip device would be very attractive for customers, but Braun wanted to go at least one step beyond the competition. The idea was to prevent drips either from the filter (when one pulls out the coffeepot) or from the water tube (when one swings the filter out). It was supposed to be a relatively easy assignment but, as Gunter Oppermann, head of R&D for household products, pointed out, “Simple is most difficult,” and that was what the project was about. The drip-stop was a case in point. “It has to be dual-action (stopping the flow when either the pot or the filter was pulled out), and we have to go around some outside patents. We thought about toilet flushers as a model and started from there. We didn’t want the device to stick, and yet it must be sturdy.”


Quality assurance was working on several aspects of the new machine, including its end product. “We found that we didn’t really know anything about coffee,” quality engineer Werner Utsch confessed, “so we had to analyze and test some more, and that has led us to work with the coffee producers.” The tests revealed valuable information: “We have found that our competition doesn’t know much about coffee either.” The next step would be blind taste tests, for which they needed a functional model.


The market researchers continued gathering data as well. In October 1982 they tested the thermal jug concept and determined that it would be an essential selling feature. The next month they tested filter systems; the swivel filter won hands down. At this time, contrary to results a year earlier, the market wanted a detachable, transparent water tank. It was “significantly preferred over a nontransparent one” and “should be included  . . . if the price is not prohibitive to the customer.” (See Exhibit 13 for market test results.) Jestädt and Kahlcke had, however, already developed a modular design that could not accommodate a transparent tank.


Operating from the principle that “no parts = no assembly costs,” Jestädt and Kahlcke were striving to collapse the number of parts into as few as possible. This was where Rams’ motto, “To design means to think [Designarbeit ist Denkarbeit],” converged with Bernard Wild’s view of Braun’s know-how. Working with machine tool experts, headed by Friedhelm Bau, Jestädt and Kahlcke had designed a configuration that incorporated many large and small parts that in the past would have been screwed together. The water tank was now part of the appliance housing, and the whole large piece, known simply as the “tank,” was now central to their product concept, for it accounted for a good chunk of the savings in assembly costs. (See Exhibit 14.) It was, however, the largest, most complicated part ever attempted in polypropylene injection molding at Braun, and as such would be risky. (Exhibit 15 explains injection molding.)


EXHIBIT 13


Report on Coffee Maker Tests*






	 


	Date of Report


	 







	Title


	Month


	Year


	Comments







	Coffee machine group discussions


	10


	1981


	Desired improvements of the Braun coffee machine with thermal jug: Shortened filter, slimmer jug, should come in different colors, the water tank should be opaque, the tubes should be completely covered up, the filter should be tight and compact, the thermal jug should be more elegant, lighter, handier, taller, slimmer, and presentable on the coffee table.







	Thermos jug concept


	10


	1982


	The concept of a thermos jug with aroma test protective lid is preferred by the majority of respondents over a conventional glass jug with removable hot plate. There’s a theoretical potential for a detachable heating or heat protection device.







	Coffee filter system


	11


	1982


	The best filter system for our new coffee acceptance test machine would be a swivel filter and the best water tank would be a transparent one.







	Coffee machine features


	12


	1982


	BMR would recommend the following concept test features to be considered for the new coffee machine range: built-in decalcifier, jug with heat and aroma preservation, swivel filter system, transparent detachable water tank, capacity 10–12 cups.








* Source: Company documents.


Manufacturing and toolmaking engineers were involved from the beginning of the project. Bernard Wild had prepared an analysis of plant requirements in order to achieve the projected volumes for the new coffeemaker. As soon as polypropylene was proposed, Bau’s toolmaking department started working with plastic suppliers and toolmakers in Berlin, who had experience with designing large tools for polypropylene. Bau was convinced that the large tank could be molded on the three 330-ton molding machines (presses) available at Marktheidenfelt. One machine could make 1,500 moldings (tank units) per day. With estimated volumes at 500,000 the first year, ramping up to 2,000,000 units the fourth year, the plant needed to be prepared to manufacture 10,000 units per day, given the 220 days per year that the plant operated. They were assuming a one-minute cycle time for the “tank” part, but could not be certain of it. They could start with three molds (or “tools”), one each for the 10- and 12-cup units and one for the thermal carafe, but they preferred to have the flexibility offered by five molds—two each for the 10- and 12-cup units.




EXHIBIT 14


Prototype of the KF 40: The “Tank” Configuration


[image: Image]





If the product took off as expected, they would need four more molding machines and at least as many molds. Each machine cost about DM 500,000. The estimated cost for each tank mold was DM 250,000 and the lead time for tooling was around nine months for the large molds. Because the molds were not interchangeable for various types of plastics, the choice of plastic was crucial to engineering’s planning.


EXHIBIT 15


Note on Injection Molding




Injection-molding technology permits the high-speed molding of thin, often complex parts out of metal or plastic. It involves (a) melting the material to a liquid state; (b) injecting the liquid under pressure into a metal mold; (c) waiting a number of seconds until the liquid cools and solidifies; (d) opening the mold; (e) withdrawing the part; (f) closing the mold again. To be precise and consistent, the process needs computer controls and robotized handling.


The easiest form to mold in this way is the cone, because it comes out from the mold easily. As soon as there are straight sides and protruding features, the design problem is vastly more complicated. Industrial designers, engineers, and tool designers work together to develop a design that can be produced effectively. For example, the mold needs to open at some point, and a flash line, preferably a very thin one, will show. The designers need to determine where the line’s effects are minimal, and design the mold accordingly.


In the case of plastic injection molding, the material is not held in liquid form. Rather, it is fed to the machine in small beads, like small white beans, which are melted instantly under pressure at the nozzle. This way the temperature can be controlled and there is less waste.


An important point in the design of a mold is the cooling rates of the plastic. This rate is determined by the properties of the plastic itself and by the shape of the part—its thickness at any given point and the distance of that from the nozzle through which the liquid is injected. Because the part cannot be removed until all of it has solidified, these problems must be taken into consideration when designing the part. Moreover, the injection temperature of the plastic and the temperature of the cooling water have to be kept constant via computer controls.


A mold may be very complicated, with more than one axis. Then the order in which the parts of the mold are opened and removed has to be carefully thought through. The “tank” part of the Braun coffee machine incorporated parts that would conventionally have been cast in at least five separate components and then screwed or snapped together. To save labor costs, the company invested in knowledge and tooling up front. This enabled them to keep production in high-wage Germany.


Some plastics are easier to cast than others. Those with low density, like polypropylene, are less stable, and this needs to be compensated for in the design of large parts. A large wall, for example, needs to be thicker or have a supporting shape built into the design. Because of the design implications of the variations in plastics, the same mold cannot be used for multiple kinds of plastic.


The quality of the molded part is determined not only by the design of the mold, but also by the interior surface finish of the mold. The quality of the metal, usually a special alloy steel, and the finishing technology used (e.g., erosion, grinding, polishing) determine how well a mold can meet its tolerances and how long it will last.






Polypropylene: A Question of Braun-ness


Braun had pioneered in the use of plastics as early as the 1950s, when it rejected fake wood and overstuffed designs for its products. Its designers, engineers, and toolmakers were experienced in making both clear and opaque parts from several different kinds of plastic. For the outer housing of its appliances, the company had traditionally used polycarbonate, a dense, stable material that could be fashioned into precision parts with smooth surfaces. Polycarbonate was, however, too expensive for the new coffee machine’s requirements.


EXHIBIT 16


Properties of Plastics






	 


	Polycarbonate


	ABS


	Polypropylene







	Cost DM/kg (1983)


	8.5 DM


	3.95 DM


	2.8 DM







	Specific weight


	1.2


	1.05


	0.9







	Melting temperature


	220°C


	200°C


	165°-170°C







	Softening temperature


	160°C


	140°C


	120°C







	Color-fastness


	yes


	no


	yes







	Shrinkage


	0.5-0.7%


	0.3-0.9%


	0.3-2.5%







	 


	 


	 


	(1-2.5% unfilled)








For that reason, Jestädt had begun working with ABS, which sold for about half of polycarbonate’s going rate (see Exhibit 16). Even that, as it turned out, would probably be too expensive. The alternative, polypropylene, was the material of choice for low-end producers, but had never before been considered by Braun, except for interior parts that could benefit from its lower density and other features. The amount of polypropylene needed for each KF 40 unit was estimated at 700–950 grams. The problem with polypropylene for use in injection molding was its instability during the cooling process. Having a lower specific weight than the denser plastics, it tended to shrink unevenly and fall off, or “sink,” at edges and meeting points. The resultant “sink marks” marred the surface and looked “cheap.” Nor did polypropylene become as rigid as the more expensive materials, thus posing additional design challenges. Large parts were therefore especially vulnerable to a flimsy feel and had to be designed with the need to control that problem. It might mean thicker walls or a shape in the mold that would buttress the form from within.


When polypropylene was first suggested, many colleagues familiar with its problems immediately objected: It will not be a Braun product if we use this cheap stuff, they warned. Despite such adamant objections, Jestädt and Kahlcke began working with chemical suppliers and toolmakers to explore ways of improving the quality of polypropylene parts. In fall 1982 they achieved a breakthrough: Why not let necessity be the mother of design in this case? If we can’t get a perfectly smooth surface, let’s minimize the effect of the sink marks by treating the surface in some way. This inspiration led to the idea for a corrugated surface that would both mask flaws and actually enhance the design as well.


NO! said the purists, for whom Braun design was synonymous with absolutely smooth, winter-white surfaces. “It’s a compromise,” said Utsch, “and I don’t like compromises.” Utsch, head of quality assurance for the project, kept pointing to polypropylene’s tendency to scratch: “It’s just too soft. Even a fingernail can scratch it. And if you wipe it off with the same sponge you wiped the counter off with, you can scratch it with food particles or coffee grounds.” Even Rams was skeptical at first, but eventually came to support the solution. “It is the obvious way to go, given the project requirements.”


Polypropylene did have some advantages other than its price, Oppermann pointed out: “It doesn’t absorb water, so it won’t stain easily. And, as far as we can tell, it won’t get brittle as fast as polycarbonate, so it won’t chip easily.”


Jestädt, ever confident, explored further. Wiling to take risks, R&D director Hexner supported R&D’s involvement in trying to make polypropylene work. Like everyone else, he knew that if it didn’t work, it would be extremely costly. “They are talking about a huge and very complicated tool for the tank. If it doesn’t work, we’ll have to throw it away and be another year behind.” But Hexner didn’t see any choice: “We’ve been given the job of making this thing at a ridiculous cost. My people say that it’s possible only with polypropylene, and I agree.” To Hexner the “purists” were entirely unrealistic. “If a Braun product has to have a smooth surface, then you have two choices: Go with flaws, or forget it. And that is ridiculous!”


Hexner’s boss, Dr. Thomsen, did not think it ridiculous to consider further choices. Nor did Waxlax. “We could make a business with, say, ABS. But it would be a different business,” Thomsen contended. Waxlax was worried about the U.S. market implications: “We’d either have to drop the U.S. market, and that means low volumes, or restrict it to the higher-priced department store segment.”


Jestädt and Kahlcke, meanwhile, were not insensitive to the design concerns. The ridges of the corrugated surface would have to be absolutely smooth, with no peaks or valleys, so that they would not catch any dirt. That job was turned over to the toolmakers. By the end of 1982 Bau’s department was confident that the job could be done using the 330-ton molding machines at Marktheidenfeld. An outside consultant had suggested that the molding machines should be larger (500-ton) for a part the size of the tank, but that would mean an additional investment of DM 2 million for two new machines and upgrades of the old machines. Because the larger machines were much slower than the smaller ones, it would take five of them to produce the same number of units per day as the three 330-ton machines could produce.


In December, 1982, Jestädt had presented his plan for a Swiss company to manufacture the new design. At the same meeting, someone brought in a cheap DM 29 coffeemaker from a supermarket and challenged those present, “If these guys can sell a coffeemaker for DM 29, you can surely make one for DM 23.” As the discussion proceeded, the group realized that the new design was so special that it would be dangerous to let it out to a subcontractor; they would have to keep it inside in order to assure a competitive lead.


At that point it was proposed to take three months and build a trial tool to test the material; Waxlax approved DM 140,000 for the test and the tool, if the team chose to take that step. The proposal was, according to a project report for December 12, simply to “clarify if polypropylene is suitable for the appliance housing material.” That was the point, according to Dittombée of industrial engineering. “I am confident that we can master polypropylene technically,” he said, “but the discussion is about whether Braun can—or should—use it.” For the purists, such a trial was far better than ordering the production dies and finding out polypropylene wouldn’t work in this design and product.


A Material Decision


Over the next four months the coffeemaker project became more intense. At the report to management at the end of January 1983, drawings for the functional model were presented, and a schedule established (see Exhibit 17). The new 10-cup coffeemaker now had a name: the KF 40. A second model, the KF 45, would have a 3–4 cup switch, costing one DM more. According to this schedule, the functional model would be ready by the end of March, with final tool drawings complete on May 16. The formal go/no-go decision would be made on May 17, followed by a “category I” signoff, which released the drawings so that tools could be ordered. Production ramp-up was estimated to begin in April of 1984, to reach 3,000 units per day within three months.


EXHIBIT 17


Project Report, Coffee Maker KF 40, Version 1




January 26, 1983


Product Description:






	KF 40:


	10-cup version with swinging filter, anti-drip, and cord storage DC target: FY 1982/83: 23.50 DM







	KF 45:


	same as the KF 40, but with switch for brewing 3–4 cups DC target: FY 1982/83: 24.30 DM








Status:


Blueprints for the construction of a functional model have been prepared, and it is currently being built.


Further steps:






	• Prepare drawings for parts and tools


	by 28 January 1983







	• Requisition parts and tools; produce the A.R.


	by 18 March 1983







	• Have the A.R. approved


	by 29 April 1983







	• Finish the functional model


	by 25 March 1983







	• Test the functional model by QC


	by 16 March 1983







	• Build the design model


	by 30 March 1983







	• Complete drawings for tool models


	by 16 May 1983







	• Go or no-go decision


	by 17 May 1983







	If go, then Category 1 release


	 







	• Planned startup of production


	April 1984








Risks:


The above schedule does not include the production of prototypes. Only if the tests of the functional model reveal no major problems will it be possible to meet the planned deadlines.


Project: Coffee Makers KF 40 and KF 45     Signed: A Jestädt, Project Mgr.     Project Number: 542     Date: 26 January 1983     Version: 1





All this assumed that the KF 40 could be made with polypropylene and that all the other problems, such as the drip-stop, could be solved in time. By producing this schedule, business management had already cast its vote of confidence. Waxlax knew that Greaves tended to be conservative in his forecasts, and therefore one didn’t have to worry about unrealistic figures in his analyses. Neither engineering nor design wanted to be pushed, however, and that Waxlax respected. The decision was a strategic one: a big risk—but one with a big payoff if they succeeded. The risk was not so much financial, though a million DM in molds and two years in development costs would not be insignificant. Should they go ahead without trial tooling, take three months for the trial test, rethink their positioning with a more expensive plastic, or walk away from the project? What risks were they willing to take and how far should they go before modifying the business strategy? Waxlax intended to take his time in listening to all points of view.
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The Concept of a Development Strategy



Overview



In Chapters 2 through 4 we explore what we call the “front end” of development. We begin in Chapter 2 by focusing on the concept of development strategy. While much of the activity in product development occurs in projects, there are many things companies do before projects get started that lay an important foundation for effective development. In this chapter, we focus on the front end of the development process with a discussion of several problems that typically arise in development projects. We trace many of these problems to two fundamental gaps in companies’ development activity. The first gap is the mismatch between senior management attention, which normally occurs at the end of the development project, and senior management influence, which is much higher and more effective at the early stage of a project and even before a project is launched. Where this mismatch occurs senior management gets involved in projects at the wrong time, and usually in the wrong way. The second gap is the mismatch between the business planning and strategy process inside the company, and the set of projects that the company has underway. There is too often little connection between these two areas of business activity. The result is that the projects often fail to reflect the direction and intent of the business. The implication of this gap is that issues of marketing and technology strategy, for example, tend to arise after the projects have been started, and generally make the project itself a much more complex managerial problem than it should be.


Setting the stage for the remainder of the book, this chapter identifies development strategy as a way to create an effective framework within which these gaps can be closed. It provides a means for senior management to interact and shape the development process in a timely and effective way. In addition, it provides an explicit link between the business planning and strategy process and the shaping and selection of specific projects.


The concept of a development strategy adds two primary mechanisms for linking the business planning process to projects. The first is development goals and objectives: the firm translates its business strategy into specific requirements for the development organization. These requirements focus on both the performance of development, in terms of lead times, productivity, and number of new products created, as well as development capability. The second mechanism is the aggregate project plan, in which the firm determines the specific mix to types of projects that fit within the business strategy, gauges its capacity to undertake those projects, and defines the appropriate set of projects given its opportunities and constraints.


Our focus on the front end of the development process in this chapter identifies three themes that have a substantial influence on development performance: (1) what goes on before the project is initiated is crucial to the project’s success; (2) an effective front-end process provides a framework for timely senior management involvement, and explicitly links business planning processes to project identification and selection; and (3) development projects not only create new products but build new capabilities. Thus, development strategy comprehends not only the activities the firm must undertake to create an attractive set of new products and processes in the next generation, but also identifies the critical capabilities that need development and cultivation in order to lay the foundation for effective development in the future.
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Perhaps no activity in business is more heralded for its promise and approached with more justified optimism than new-product and new-process development. The anticipated benefits almost defy description. This is true whether the business is engaged in an old-line manufacturing-intensive activity such as steel or machine tools, the manufacture of consumer goods such as appliances or personal care products, the production of industrial products such as material transfer systems or heavy equipment, or the creation of technology-intensive products such as pharmaceuticals or electronics.


The potential benefits of effective development efforts are of three types—market position, resource utilization, and organizational renewal and enhancement. In terms of market position, ideally a new product can set industry standards—standards that become a barrier to competitors—or open up whole new markets, such as the Sony Walkman or Polaroid camera. Superior products and processes are a means to get a jump on the competitors, build on existing advantages by creating stronger competitive barriers, establish a leadership image that translates into market dominant designs, extend existing product offerings, and increase market share.


Anticipated benefits in resource utilization include capitalizing on prior R&D investments (applying lab discoveries), improving the return on existing assets (such as the sales force, factories, and field service network), applying new technologies for both products and manufacturing processes, and eliminating or overcoming past weaknesses that prevented other products or processes from reaching their full potential. The potential leverage on a variety of resources can be substantial.


Perhaps the most exciting type of development benefit is the prospect of renewal and transformation of the organization. The excitement, image, and growth associated with product and process development efforts capture the commitment, innovation, and creativity of the entire organization. This success, in turn, enhances the firm’s ability to recruit the best people, improve their integration, and accelerate the pace of change. Furthermore, development projects themselves often are the vehicle by which new approaches and new thinking are adopted and take on institutional reality.


Finally, it is anticipated that all of these benefits will drop to the bottom line, providing rich financial rewards such as improved return on investment, higher margins, expanded sales volume, increased value added, lower costs, and improved productivity. Little wonder that development prospects build excitement and anticipation throughout an organization and its people.


Unfortunately, in most firms the promise is seldom fully realized. Even in many very successful companies, new product development is tinged with significant disappointment and disillusionment, often falling short of both its full potential in general and its specific opportunities on individual projects. In fact, many individuals directly involved in creating new products and processes suffer burnout or a longing to return to the status quo (business as usual), and may even depart from the company.


Problems in New Product and New Process Development


To understand what causes the great disparity between promise and reality, and, more important, to take corrective action, it is useful to explore some ways in which development problems manifest themselves. From experience in a variety of firms and industries, a handful of obvious pitfalls emerge.


The Moving Target. Too often the basic product or process concept misses a shifting technology or market, resulting in a mismatch. This can be caused by locking into a technology before it is sufficiently stable, targeting a market that changes unexpectedly, or making assumptions about the distribution channel that don’t hold. In each of these cases, the project gets in trouble because of inadequate consistency of focus throughout its duration and an eventual misalignment with reality. Once the target starts to shift, the problem compounds itself: the project lengthens, and longer projects invariably drift as the target continues to shift. Dramatic examples of such mismatches include the Ford Edsel in the mid 1950s, Texas Instruments’ home computer in the late 1970s, and Kodak’s disk camera in the 1980s. Even very successful products like the Apple Macintosh can experience a rocky beginning and have to iterate through revisions into an appropriate focus and positioning because of moving targets.


Mismatches Between Functions. While the moving target problem usually reflects a mismatch between an organization and its external environment, mismatches also often occur within an organization. What one part of the organization expects or imagines another part can deliver may prove to be unrealistic or even impossible. For instance, engineering may design a product that its factories cannot produce, at least not consistently, at low cost and with high quality. Similarly, engineering may design features into the product that marketing’s established distribution channels and selling approach cannot utilize fully or existing customers do not need. Or manufacturing may assume a certain mix of new products in planning its requirements, while marketing makes different assumptions, confident that manufacturing can alter its mix dramatically on short notice when, in fact, it cannot. Such mismatches may result from a lack of communication among the functions or from a sequential, over-the-wall approach to project management; in either case, development suffers. One of the most startling mismatches we’ve encountered was at an aerospace firm where manufacturing built an assembly plant using one set of new product specs only to find that it was too small to accommodate the wing span of the aircraft it ultimately had to produce.


Lack of Product Distinctiveness. Often new product development terminates in disappointment because the new product is not as unique or defensible as the organization anticipated. If the organization gets locked into a concept too quickly, it may not bring differing perspectives to the analysis. The market may dry up, or the critical technologies may be sufficiently widespread that imitators appear overnight. Plus Development introduced Hardcard®, a hard disc that fits into a PC expansion slot, after a year and a half of development work. The company thought it had a unique product with at least a nine-month lead on competitors. But by the fifth day of the industry show where Hardcard® was introduced, a competitor was showing a prototype of a competing version. And within three months of Plus’s market introduction, the competitor was shipping its new product.1
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