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Preface

Stock market crashes, political assassinations, declarations of war, and oil shocks are the sorts of events that trigger social or economic upheavals. Dawning awareness, on the other hand, tends to usher in modest change instead of upheaval.

What I am bent on describing is a dawning awareness that came on with a rush and triggered an upheaval. The upheaval is occurring in the industrial sector, and the title of this book, World Class Manufacturing, is what the upheaval is about.

Blaming Ourselves

Public awareness of industrial decline was marked by numerous reports in the popular and business press in the late 1970s and early 1980s. Those accounts mainly concerned losses of markets, plant closings, and people thrown out of work. The blame for the decline was not carefully fixed.

Today the many companies that have made a resolution to become world-class manufacturers are blaming themselves. Their managers, their engineers, their technicians, their staff experts, and their supervisors went about their jobs under mistaken notions of how a manufacturing enterprise ought to operate.

The labor unions must shoulder some of the blame for worsening competitive positions, but today’s industrial leaders are far less apt to use labor as the scapegoat. The enlighted view is: If there were labor problems, what did management do wrong? And how can management improve itself to create good relationships with labor? The answer is not to be nice, not to trust each other, but to find grounds for mutual gain. I believe that those grounds are now known and are quite different from what the universities have been teaching. We take up the people issue in several chapters, especially Chapters 2, 3, and 6.

Changes in attitude extend to another common target for blame: suppliers of component parts and materials. If suppliers have not met our needs, the customer is beginning to ask, what did we do wrong? And how can we foster good relations with our suppliers? Those questions, too, have firm answers. Harley-Davidson has adopted the excellent slogan partners in profit. Harley is one of many Western manufacturers that see folly in the once popular game of supplier musical chairs. Under world-class manufacturing (WCM), adversarial relationships between customer and supplier are out, and a whole new set of buying and contracting practices is in.

Government regulators were also handy targets. Our industrial leaders still lobby aggressively for less interference, but today (with a few exceptions) the lobbying is more constructive and less accusatory.

Thanking the Japanese

The manufacturing upheaval is worldwide, and it comes in response to Japan’s post-World War II industrial recovery and ascendency. The first wave of accounts on the Japanese “miracle” raised our consciousness, created healthy forebodings, and lowered our complacency. We took the trouble to visit Japan to see and study. We saw that Japanese manufacturers are not given to quarreling with their unions, their suppliers, and their regulators. The four seemed like parties to a partnership.

How could the cooperation be explained? Some observers came up with answers that were plainly tautological: Japanese workers were treated well because Japanese bosses treated them well. Suppliers were loyal to their customers out of a sense of loyalty.

More probing study—mostly by savvy visitors from our biggest manufacturers—found vastly better quality and much tighter controls on waste. Surprisingly those were achieved with far fewer inspectors and controllers. Were we going to settle for tautology again—excellent quality because of emphasis on quality, little waste because of emphasis on waste elimination?

The observant visitors found the real reasons. I refer to people like Ed Hay, then of Fram Corp.; John Rydzik of GE; Jack Warne of Omark Industries; Lloyd Stone, Len Ricard, and Fred McCallum of GM; and William Harahan of Ford. They saw manufacturing concepts and techniques being practiced in Japan that sometimes were 180 degrees out of phase with our own. They told everyone who would listen. A few people from the academic institutions found out, too, and began to write articles and books, and a few of us went out on the lecture circuit. (Besides me, those few include Robert Hall of Indiana University, and Robert Hayes, the late William Abernathy, Earl Sasser, and Steven Wheelwright, all of Harvard. We must also include W. Edwards Deming, Joseph Juran, and Armand Feigenbaum. Having been influential in Japan’s quality movement years before, those three gentlemen’s wisdom finally became valued in the rest of the world as well.)

The message learned and then told was that Japanese success is not culture-based. Its basis is a quite different set of concepts, principles, policies, and techniques for managing and operating a manufacturing enterprise. All of it is easy to understand, not hard to accept (once known), eminently teachable and learnable, and not so difficult to apply.

Transformation

We know it is not hard to apply, because there are so many Western success stories in such a short time: defect rates cut tenfold and more; manufacturing lead times cut twentyfold in a number of cases; triple the sales volume in half the plant space; stockrooms emptied and converted to manufacturing; storage racks, automated stock handling systems, and conveyors dismantled; fork trucks eliminated; complicated and costly computer systems replaced by manual charts and blackboards, with data entered and interpreted by operators; existing machines upgraded to process capability and moved into cells that make and feed parts forward just in time for the next machine to use them; reduced numbers of inspectors, suppliers, part numbers; whole layers of management eliminated.

The greatest success stories are in the young electronics industry, which has fewer bad habits to break: Hewlett-Packard, Intel, Apple, Tektronix, Motorola, and others. Accomplishments are more modest in large old-line companies and industries, but zeal for change is widespread and touches most industries that manufacture something.

The zeal extends downward, too. As the top companies act out their aspirations to become world-class, they pull suppliers with them. Large suppliers—for example, Intel supplying 8088 memory chips for IBM personal computers—can take the initiative themselves to become world-class suppliers. Small suppliers need help, and they are getting it from some of their large customers.

The central task of purchasing departments in this decade is supplier development. The task is half done when both the supplier and the component part have been “certified” so that the customer no longer has a need to inspect or count materials or fret about late deliveries from the supplier. The task is complete when the supplier has taken up the crusade for simplification, waste removal, and a fast-paced campaign for rooting out causes of error. There now are small supplier companies in North America that have been transformed in that way.

Rejuvenation

What is most gratifying to some of us is to see a rejuvenation going on among large numbers of people whose work lives had fallen into a rut. Dennis Butt, who launched just-in-time production when he was plant manager at Kawasaki in Nebraska, once told me that the “old warhorses” weren’t adaptable, and I thought he surely was right. Now I know that to be false (and probably Dennis, in his current position in the thick of WCM at Outboard Marine, sees it too). The twenty-, thirty-, and forty-year veteran manufacturing managers are in many cases leading the upheaval (Dennis is one of them). Why? It’s just like competitive golf, tennis, bowling, or even fishing. A steady succession of wins yields enormous personal pleasure and satisfaction. After years of losing in manufacturing, it’s great to win, and to know exactly what to do to keep on winning. The hard work involved seems more like hard play.

The manufacturing upheaval is just beginning to have rejuvenation effects on the majority: the operators and assemblers on the factory floor. Participatory leadership, industrial democracy, quality circles, quality-of-work-life programs—all of these have offered hope for a better work life. Those programs, however, are peripheral to the upheaval. World-class manufacturing involves the operators in activities that once were owned by the supervisors, technicians, trainers, engineers, inspectors, handlers, controllers, and managers. WCM makes operators owners of the processes and the first line of attack on the wide array of problems that spring up on any shop floor.

WCM requires that no one have a job that consists only of chunking out parts all day. There are already a few American manufacturing plants where the category “direct labor” is no longer used, where the accounting system treats all operators as indirects. On the whole, however, the tradition of treating operators like machines that can take verbal orders is still strong. The manufacturing upheaval may be called a revolution when the last wall, the wall around the operators, is fully breached.

Does this book present theory, concepts, or implementation? The answer is all three. Throughout the book, I present a WCM concept and include actual examples of how various companies put it to work. I also offer commonsense reasons behind the concepts and the ways of implementing them as well. The fancy word for the reasons that guide our actions is theory.



Chapter 1
Faster, Higher, Stronger


In the 1950s through the 1970s, running manufacturing companies became gentlemen’s work. Decisions and policies were made by people twice and thrice removed from the manufacturing arena. Authority was in the hands of staff people who sifted data from other staff people. Venturing out into the plant was, well, venturing. It was prudent to stick around offices and conference rooms and make sure your backside was covered. Excitement in industry was confined to high-tech R&D. Manufacturing was stagnant.

How quickly things change. While the changes have scarcely touched small companies, the well-known manufacturers are caught up in revival, renewal, recovery, and renaissance. A popular term among those caught up is world-class manufacturing or a term like it. World-class manufacturing may sound like Madison Avenue hyperbole, but it is not. The term nicely captures the breadth and the essence of fundamental changes taking place in larger industrial enterprises. A full range of elements of production are affected: management of quality, job classifications, labor relations, training, staff support, sourcing, supplier and customer relations, product design, plant organization, scheduling, inventory management, transport, handling, equipment selection, equipment maintenance, the product line, the accounting system, the role of the computer, automation, and others.

The Goal and the Path

World-class manufacturing (WCM) has an overriding goal and an underlying mind set for achieving it. The overriding goal may be summarized by a slogan suggested to me by a manager at the Steelcraft division of American Standard, where I was presenting a seminar. During the afternoon break, the fellow told me that he had digested all that had been said, and he concluded that the whole thing was like the motto of the Olympic Games: citius, altius, fortius. From the Latin the English translation is “faster, higher, stronger.” The WCM equivalent is continual and rapid improvement.

A few years ago we didn’t even know the factors of manufacturing that ought to improve. There was little agreement on what excellence in manufacturing is, because we thought in terms of tradeoffs. Plant managers or their corporate overseers picked one set of high-priority targets one year (for example, defect rates and warranty costs) and another, seemingly conflicting, set to work on the next (perhaps overhead costs and customer service rates). The high priorities were where problems seemed most severe. Lacking manufacturing principles, we tackled the problem with trade-off analysis.

Today there is wide agreement among the WCM “revisionists” that continual improvement in quality, cost, lead time, and customer service is possible, realistic, and necessary. There is now good reason to believe that those goals may be pursued in concert, that they are not in opposition. One more primary goal, improved flexibility, is also a part of the package. While some of our leading manufacturers have trouble avoiding pitfalls that lead to inflexibility (pitfalls that are avoidable), the goal itself is not an issue. With agreement on the goals, the management challenge is reduced to speeding up the pace of improvement.

The improvement journey follows a surprisingly well-defined path. The journey requires clearing away obstacles so that production can be simplified. A fast-growing body of writings (including my own 1982 book, Japanese Manufacturing Techniques: Nine Hidden Lessons in Simplicity)1 offers lists of obstacles to remove and ways to simplify: fewer suppliers, reduced part counts, focused factories (focused on a narrow line of products or technologies), scheduling to a rate instead of scheduling by lots, fewer racks, more frequent deliveries, smaller plants, shorter distances, less reporting, fewer inspectors, less buffer stock, fewer job classifications.

Beyond the Basics

In the pre-WCM era we thought that production could be managed “by the numbers.” The numbers would show what to make, what to buy, whom to blame. If, for example, the latest cost report shows a negative cost variance in welding, the onus is on the welding supervisor to cut costs. But how? There are no data on the causes of the cost overage. The supervisor may crack the whip to get more output for the same labor cost. Alternatively, ask industrial engineering or quality engineering to “do a study.”

The numbers failed to show causes. Mostly they did not even show symptoms of real problems.

Numbers do serve the world-class manufacturer—when they show how good the product and service are, how much improvement is occurring, what problems to attack next, and what the likely causes are. WCM mandates simplification and direct action: Do it, judge it, measure it, diagnose it, fix it, manage it on the factory floor. Don’t wait to find out about it by reading a report later.

Some of that may sound like “back to basics.” Basics they are, but going back we are not. It is true that some of the emergent WCM techniques were in use in an earlier era—and then forgotten. In the main, however, the good old days in manufacturing never were all that good. Quality concepts were primitive by today’s standards. While some plants had an ethic of continual improvement (applied very selectively), the norm was to transform simplicity into complexity, which sowed the seeds of decline.

Turning Point

There is reseeding going on, and there seems to be a single year that could be called the turning point: the year 1980. In that year a few North American companies (and perhaps some in Europe) began overhauling their manufacturing apparatus. Those first WCM thrusts followed two parallel paths. One was the quality path, and the other was the just-in-time (JIT) production path.

One of the first to try just-in-time in North America was General Electric, which started up two JIT projects in 1980. Kawasaki in Nebraska and Toyota truck in Long Beach, California, began shifting from standard to JIT production in the same year.

The first North American companies to take the quality path, also in 1980 (give or take a few months) were Nashua Corp. in New Hampshire, Tennant Co. in Minneapolis, and IBM. (A bit earlier Matsushita in Franklin Park, Illinois; Sanyo in Forrest City, Arkansas; and Sony in San Diego began their U. S. operations with a quality focus. These may be thought of as imports from Japan rather than as turning points in existing North American companies.) Nashua got its start by bringing in W. Edwards Deming, the American who, along with Joseph Juran, was instrumental in getting Japan’s quality movement going in the 1950s. Tennant and IBM hired Philip Crosby, who was known to a few people as the author of a fine little 1979 book, Quality Is Free.2 Tennant provided early support for Crosby to form a quality college in Florida.

Those stirrings in a few companies in 1980 may someday be chronicled as the third major event in the history of manufacturing management. The first two: (1) coordinating the factory through use of standard methods and times, Frederick W. Taylor, Frank Gilbreth, et al., circa 1900; and (2) showing that motivation comes in no small measure from recognition, the Hawthorne Studies at Western Electric circa 1930.

The 5-10-20s

World-class manufacturing could not become the third major event if it were to peter out. The signs that it will not, that WCM is much more than a fad, are persuasive. The list of companies that have already made order-of-magnitude improvements in quality and manufacturing lead time is getting long. For example, I have compiled (and continue to update) a list of the “5-10-20s,” which refers to companies, factories, or parts of factories where fivefold, tenfold, or twentyfold reductions in manufacturing lead time have been achieved. The list, with explanatory comments in some cases, is provided as an appendix at the end of this book. Stories about some of the 5-10-20 plants will be told in later chapters.

My 5-10-20 list does not do justice to WCM developments outside of North America, nor is it at all complete for North America. I have conducted seminars and provided consultancy at manufacturing plants in a number of European and Pacific Basin (besides Japan) countries and have found the WCM fever to be globe-spanning.

With so short a history, WCM has not had a chance to mature in all of its natural habitats. What surprises many is the progressive unearthing of more and more natural habitats. I refer not to different continents and countries but to different industries and types of production. That is, what makes a world-class manufacturer in one industry also seems to work in many other industries. Let us see why that should not be surprising.

Streamlined Flow

Consider how a restaurant fills a customer’s order: The cook puts meat from the grill onto the platter, goes to the range to scoop some vegetables, opens the oven to get a baked potato, heads for the salad bar to extract a salad, and so forth. It goes fast, because a kitchen is small and the cook puts only one serving of each food item on the platter.

Stop-and-Go

A machine shop, a sheet metal shop, a printed-circuit-board shop—any shop or factory that makes to order—is just the same. As long as the shop or factory is small, production is usually quite fast. But who wants to stay small? We have plants—for final goods and component parts alike—with thousands of employees and hundreds of thousands of square feet of space. Now the work goes through the plant at a snail’s pace. Plant management has its hands full trying to prevent gridlock.

If a restaurant kitchen grew the way our factories do, the platter would go to the grill area for a piece of meat and then move by slow conveyor to the vegetable area. The meat would get cold—and might even fall to the floor once or twice on the way. At the vegetable area, the massive cookers might be tied up making vegetables other than the kind ordered for the platter, which means waiting until the next batch is cooked.

Growth is not the problem. The problem is the more-of-the-same approach to growth. A restaurant is a little job shop, to use the manufacturing term. It will not work if it becomes a big job shop—where a job (platter) has to traverse vast distances from one shop to another, waiting for one thing or another at most of the shops. Growth must be accompanied by a transformation to preserve speed, to avoid stop-and-go production.

Over the years we came to believe that stop-and-go production was the fate of the job shop. We also believed that job shops were the fate of industry, because customers are fickle; they want the variety that job shops can provide. Job shop people looked enviously at the flow shops, where work just flows down a production line or through pipes continuously (as patrons flow down a cafeteria line).

That view is out of style, because we have learned how to streamline our job shops, to make them behave more like flow shops. Some go so far as to simplify products and regularize schedules, and thereby transform themselves into flow shops. Many others—those that stick with customers who demand variety—will not become flow shops, but they can come close. The chameleon cannot ever be a leaf, but it can look like one. So it is in manufacturing.

Imperfect Flows

What tools and techniques make job shop transformations possible? At the top of the list are the set known as just-in-time production techniques. They were perfected by Toyota in Japan in the 1960s and 1970s. Toyota’s techniques caused work to move through parts fabrication processes fast and get to final assembly just in time for use.

JIT was shaped in the flow shop mold. Continuous-flow industries—the “pure” flow shops—have been around for a hundred or two hundred years. Examples are bottling, tableting, and canning; extruding and weaving; milling and refining. Some of the processes are tightly coupled. The work leaves one process and flows, perhaps through a pipe, to arrive just in time for the next. In that sense, JIT was around long before the people at Toyota thought of it.

In reality the flows are usually not all that continuous. The grain mills, the food processors, the medicine makers, the cloth producers, and the rest are stop-and-go producers, too. They go for a time on one size, style, model, or chemical formulation, then shut down for a complete changeover in order to run another. Shutdowns for changeover are one concern. The massive quantities that build between changes—the raw and semiprocessed material, and especially the finished goods pushed out well in advance of customer needs—are a greater concern. All are forms of costly waste.

There are dominant WCM precepts for treating the ailment. One is a JIT principle: The smaller the lot size, the better. World-class manufacturers of cars, tractors, and motorcycles have some lot sizes down to one unit by becoming adept at changeovers between models. This permits making some of every model every day, almost like continuous-flow processing. With that capability, they outdo the flow processors they started out trying to copy.

A second precept is the total quality control (TQC) principle: Do it right the first time. In the flow industries this means setting up for a new run so that the first yard of cloth, linear foot of sheet steel, length of hose, can, bottle, or tablet is good.

A third set of precepts is called “total” preventive maintenance (TPM). Maintain the equipment so often and so thoroughly that it hardly ever breaks down, jams, or misperforms during a production run. There is nothing like an equipment failure to turn a continuous processor into its opposite number.

Mass Production—Just in Time

While the JIT concept (if not the application) is natural in the flow industries, it took Henry Ford and his lieutenants to get JIT worked out in discrete goods manufacturing. Ford has been called the father of mass production. His Highland Park and, later, River Rouge plants mass-produced the parts just in time for assembly, and his assembly lines pulled work forward to next assembly stations just in time, too.

By 1914 the Highland Park facility was unloading a hundred freight cars of materials each day, and the materials flowed through fabrication, subassembly, and final assembly back onto freight cars. The product was the Model T, and the production cycle was twenty-one days. At River Rouge, about 1921, the cycle was only four days, and that included processing ore into steel in the steel mill that Ford built at River Rouge.3

That roughly equals the best Japanese JIT auto manufacturing plants today. But it was much easier for Henry Ford, because his plants followed his now famous dictum, “They can have it any color they want, so long as it’s black.”

Isn’t it easy to look like a continuous-flow producer, with very short manufacturing lead times, when every unit is the same as every other? Ford’s Tin Lizzies almost could have flowed through a huge pipeline with intersecting pipes bringing in the components at just the right locations and times.

The Model-T factories were what is known as dedicated plants and production lines. Where capacity is cheap (cheap equipment or labor) or volume is high, dedicated JIT lines make sense. Most producers of television sets, radios, videotape recorders, and personal computers today have enough volume to follow the easy dedicated-line path to JIT. Most automobile manufacturing is of lower volume and cannot achieve JIT so easily. Nissan in Oppama, Japan, sets up a dedicated line only if sales volume is 10,000 cars a month or more. Since most models they make fall below that number, other approaches are necessary. Some of the other approaches are examined next.

Making Just What Is Sold—Every Day

Whether making things that pour (the flow industries) or things that are counted in whole units (discrete goods), a WCM precept is to produce some of every type every day and in the quantities sold that day. Making more than can be sold is costly and wasteful, and the cost and waste are magnified manyfold as the resulting lumpiness in the demand pattern ripples back through all prior stages of manufacture, including outside suppliers.

Makers of highly seasonal goods sometimes have sound reason for building at least some stock days or weeks before use or sale. Most of industry’s chronic mismatches between demand rate and production rate are not caused by seasonality, however. Those mismatches are fixable. Companies in the flow industries need to figure out how to change over flow lines so fast that there is no reason for a long production run of one type. Since the flow industries have been investing for years in inflexible equipment that resists quick changeover, it is not an easy fix.

In the assembly industries it tends to be an easy fix. Assembly—of personal computers, washing machines, boats, trucks, furniture, and hundreds of thousands of other products—is still largely manual. Humans are adaptable and can change from one model to another with ease—and efficiency, too. Assembly is efficient, however, only if the work place is orderly, with every part and tool exactly placed. If the assembler has to search, the efficiency is gone.

In Japanese Manufacturing Techniques I told about working for the fastest bricklayer in North Dakota and about how he yelled at me if I didn’t place bricks so that he could reach and find them without looking. That concept—exact placement of all the parts to eliminate search—has enabled the world’s motorcycle manufacturers and some tractor producers to change models after each unit. That is called mixed-model production, and the lot size is one.

Ten years ago, all motorcycle and tractor manufacturers produced in large lots: maybe five hundred of model A; then shut down for a day or two to change over for a run of five hundred of model B; and so on.

Marketing hates this. Marketing might come to manufacturing and say, “Which model are you running this week?” Manufacturing says, “model A.”

“Oh, that’s too bad. We, ah, overestimated demand for A. In fact, we have a whole warehouse full. When are you going to make E?” Manufacturing looks it up in the master schedule: “Week 9.”

“That’s bad, too. We underestimated demand for E. We’re out and losing sales. Can you possibly move it forward in the schedule?” Manufacturing replies, “No way. Our suppliers will not begin delivering raw materials until week 8.”

Manufacturing then blames marketing for doing a bad job of forecasting. The fault is not marketing’s. Manufacturing gets the blame, because the production schedule pushed the planning horizon out to week 9, and it is impossible to guess (forecast) right that far out.

Now, at Harley-Davidson, Honda, Kawasaki, Yamaha, John Deere tractor, and the others, some of every model is made every day. Marketing therefore has some to sell every day. If marketing comes to manufacturing and says, “Can you increase model E by 10 percent and decrease A by 10 percent next week?” manufacturing says, “Yes, we can.” The assemblers are quick-change artists. The makers of the components parts could still be an obstacle, but they can learn quick-change artistry, too.


If a world-class manufacturing effort fails to make it easier for marketing to sell the product, then something is wrong.



High-Variety JIT Production

Some plants or parts of plants seem doomed to have long manufacturing lead times. Western manufacturers of machine tools and thousands of kinds of industrial components, from motors to pumps to hydraulics, take weeks, often months, to produce something. The problem is that those manufacturers are high-variety, low-volume job shops. Ten thousand different part numbers is normal, fifty thousand is not uncommon, and no one knows which ones are going to be needed in the next customer order. There may be four thousand work orders open in the plant at any given time, with a hundred completed and a hundred new ones added every day. How can such a production environment be anything but chaotic?

We know the answer. It is to divide the ten thousand part numbers into families—production families, not marketing families. A production family is a group of parts that follow about the same flow path. Say, for example, that five hundred of those ten thousand parts go from blanking to grinding to drilling to welding to painting. You empty out a square area on the floor and move the following into it in a U-shaped loop: one blanking press, one grinder, one drill press, one welding station, and one paint dip tank. If there is a lot of drilling to be done, move two drill presses into the loop.

The result is a cell, a mini-production line, almost a pipeline that similar parts flow through. The machines are so close together that there is no need for a container, storage rack, or fork-lift truck. An operator, chute, or simple transfer device can move one piece at a time from station to station. Different part types are made in the cell, but all types go through the same machines (a few part numbers may skip one or more of the stations). Also, the parts in the family have similar setup times, cycle times, tool and fixture requirements, and needs for inspection. While the cells do not make the same part over and over again, they make the same family of parts over and over again, hence the term “family repetitive” production in Figure 1-1. The figure also shows the three other modes of production, discussed above, that are valid for the world-class manufacturer.

Next, find another family and move the needed machines and work stations into cell 2. Then create cell 3, and so on. Engineers sometimes call this approach group technology, although many prefer to use the more descriptive term cellular manufacturing.

The approach is much more than industrial engineering and plant layout, however. Cells create responsibility centers where none existed before. A single supervisor or cell leader is in charge of matters that used to be fragmented among several shop managers. The leader and the work group may be charged with making improvements in quality, cost, delays, flexibility, worker skills, lead time, inventory performance, scrap, equipment “up time,” and a host of other factors that distinguish the world-class manufacturer.

Large numbers of Western manufacturers are following this path in their quest to become world-class. The machine-tool, aerospace, and shipbuilding industries are especially active in reorganizing their plants into cells. That is natural in view of the mind-boggling numbers of parts that go into large machines, ships, aircraft, rockets, and tanks.

[image: Image]

Figure 1-1. Repetitive Manufacturing

General Electric has transformed its dishwasher plant in Louisville, Kentucky, into a WCM showcase, and moving machines into cells was a basic step. Punch presses that had been in punch-press shops were dispersed to form cells or spurs off other cells or production lines. Figure 1-2 is a photo of one of the moved presses. A sign tacked to it proudly proclaims “point-of-use manufacturing.” Other presses and other machines around the plant have the same kinds of signs. GE’s success in transforming the dishwasher plant has served as a model for the rest of GE’s Appliance Park in Louisville. Refrigerator, range, and washer plants are being converted the same way.

Universals of Manufacturing

The metal fabrication industries have no prior claim on cellular manufacturing. It is emerging as a prescription for much of the world of work, on a par with “Do it right the first time.” Most of our plants’ facilities and people are organized with giant barriers to problem-solving, and the same goes for most of our offices. No one is in charge. Distances between processes are too long for decent coordination. Flow times are too long for us to reconstruct chains of causes and effects when things go wrong—and they go wrong so often.

The immensity of the task would be daunting if we were unsure of what paths to take. We know what paths to take, because there are many role models. Western manufacturers that have executed the WCM formula have been getting the same spectacular results that Japanese manufacturers did a bit earlier: product defects down from several percentage points to just a few per million pieces, and lead times cut by orders of magnitude. Knowing what it takes to get such results turns on the adrenalin pumps. The competitor whose pump does not get primed is the loser.

[image: Image]

Figure 1-2. Point-of-Use Manufacturing

That is not to say that the company or plant involved in the WCM quest is completely surefooted. How, for example, can progress be measured? How do the movers get reinforcement so that they stay inspired? The answer is to choose the right goals of improvement and to organize the enterprise for continual progress against those goals. A host of WCM subgoals can be contained within two overriding goals. One is reduction of deviation, and the other is reduction of variability.

Deviation Reduction

Deviation reduction takes many forms, two of which rank above and subsume the rest: (1) Reduce deviation from zero defects. (2) Reduce deviation from zero manufacturing lead time.

Zero defects (ZD) got its start in the United States in the early 1960s. ZD has been elevated to the top—a key component of CEO-level strategic planning—in many Fortune 500 companies. Philip Crosby provided much of the inspiration; W. Edwards Deming, Joseph Juran, and Armand Feigenbaum provided tools and concepts for fitting ZD into companywide total quality control. Visible measures of success are the driving force.

There are many believers in the ZD goal—and never mind if it can never quite be achieved. The number of believers in zero lead time as a superordinate target is still small but is growing fast.

One by one, top companies are coming to the conclusion that reducing lead time is a simple and powerful measure of how well you are doing. The manufacturing people at both Motorola and Westinghouse have chosen lead time reduction as a dominant measure; various divisions of Hewlett-Packard and General Electric have too.

Lead time is a sure and truthful measure, because a plant can reduce it only by solving problems that cause delays. Those cover the gamut: order-entry delays and errors, wrong blueprints or specifications, long setup times and large lots, high defect counts, machines that break down, operators who are not well trained, supervisors who do not coordinate schedules, suppliers that are not dependable, long waits for inspectors or repair people, long transport distances, multiple handling steps, and stock record inaccuracies. Lead times drop when those problems are solved. Lead times drop fast when they are solved fast.

Lead time to get ready must not be overlooked. Short lead time to produce the designs and the specifications are vital to the world-class manufacturer. In halting its declining fortunes in the copier industry, Xerox has vastly improved its ability to get a new product to market. Fewer than 350 R&D people spent just two and a half years developing Xerox’s top-of-the-line 9900 copier, as compared with over five years and four times more people for such products in the past.

Time to convert from a first-generation product to its successor is an equally critical concern. That is, we want to become more flexible to make product line changes, which translates into cutting the conversion lead time.

Lead time is easy to measure: Just stamp the hour and date on a product (or service) in its raw stage, stamp it again when it is finished, and subtract. Take a number of samples and average them. (The Village Inn Pancake House chain does this, using time-stamping machines, in processing food orders.)

It is good policy to put up large lead time charts, one for each important product or family. Plot results on the chart at least once a month. List the improvements—problems solved—on charts nearby, and heap praise on those coming up with each solution.

For practical purposes deviation is usually an average: Perhaps on the average, the lead time target of ten minutes and the quality target of 10 grams have been met on the nose. But what of variability around the averages? Universal goal number 1, deviation reduction, has a companion.

Variability Reduction

The second universal goal is variability reduction. Variability of what? Why, of everything. Variability is a universal enemy. That view once was held by just a few prominent people in the quality community, but it is spreading.

If a ticket taker can sell a ticket in “exactly” thirty seconds nine out of ten times, but then the machine jams and it takes three hundred seconds to sell the ticket to tenth customer, consider the effects. Not only has the tenth customer been poorly served, but at a rate of one customer every thirty seconds, ten new customers will have arrived, only to get in line and wait while the jammed machine gets fixed.

Varying only once in a while from the thirty-second standard requires wasteful solutions: Extra space for customers to line up; staff to manage the queue and sooth the customers; perhaps an extra, mostly redundant, ticket seller to keep the line from getting too long. Costly responses of that sort are called for regardless of the source of the variability. The machine that jams sometimes, the tool that must be searched for sometimes, the assembler who does the task the wrong way sometimes, the part that arrives late sometimes, the blueprint that is wrong sometimes, the part that is off the mark sometimes—all of these and many more require costly sets of “solutions.” They are not true solutions, because they provide ways to live with the problems.

In Western industry variability of lead time has been extreme, to say the least. Normal practice in scheduling an order is to use an average lead time figure (stored in the routing file), and then expedite the orders that become late relative to the average. We have taken pride in being able to compress lead time for a hot job from many weeks to a few days; that is an action taken to avoid a late delivery to a customer. In other words, we have put our energies into making on-time deliveries through heroic actions on a case-by-case basis.

With regard to component materials, there is another, more subtle cost of variability. Say that a shaft is supposed to fit into a hole. Engineers state the allowances for shaft and hole diameters. The shop that forms the shaft produces 100 percent within tolerance, and so does the shop that drills the holes. Yet when a shaft at the upper limit of its tolerance (maximum diameter) is paired with a hole at the lower limit of its tolerance (minimum diameter), the shaft won’t go into the hole. The opposite case results in a shaft so loose in the hole that it, too, is unacceptable.

This effect is called “tolerance stackup.” Western automakers have been made painfully aware of it because of notoriously ill-fitting car doors, fenders, dashboards, and trim. Ford Motor Co. has been aggressive in combating the problem through variation reduction. Ford’s manuals on the subject have been widely distributed, and they have helped companies in other industries to get on the variation-reduction bandwagon.

There are many forms of variability, and its cousin, deviation, that ought to be measured frequently. Paper the walls with charts showing the measured results. If such course of action is vigorous, it will take not years but only months to begin looking world-class—head and shoulders above the laggard and endangered competition.

Challenge and Response

This chapter reads, I suppose, like a pep talk, Olympic motto and all. If there were no substance to the message, it would fall on dead ears, because we’ve all heard many pep talks—followed by business as usual. There is substance to the talk about world-class manufacturing. If Gallup or Harris were to take a poll and ask people to name the twenty best manufacturers (not marketers, not financial empires) in the world, how many would be American, Canadian, French, English, German, Italian, Swedish? Chances are good that many or most would be Japanese. There is substance to the Japanese formula for success in manufacturing.

It took Japanese industry three decades to make its remarkable climb. It used a collection of Western basics, plus common sense, high literacy, and lack of space and natural resources to spur them on. Now the rest of the world is stirred out of its complacency. In some cases manyfold improvements have come after just a year or two of real effort. The Appendix at the end of this book lists some enterprises that have improved in that manner.

WCM clearly is not reserved for the Japanese. In fact, I believe the Western temperament is better suited for rapid and continuous improvement than the Japanese temperament. We in the West have badly misused a chief asset, namely inquisitive minds and innovative spirits. Our greatest challenge is to undo the harm, to change a work culture and unleash natural tendencies.

So far, the 5-10-20s listed in the appendix have had most of their success by changing things, procedures, and concepts—not so much the work culture itself. The things, procedures, and concepts are the easy part and are presented in Chapters 4 through 12. The greatest of all challenges, changing the work culture, comes next in Chapters 2 and 3.



Chapter 2
Line Operators and Operating Data


A factory is like Moby Dick, and the managers are like Captain Ahab. They sink a few harpoons and hang on for dear life. The only way Moby Dick could be steered would be to surround it with a thousand boats and have a thousand harpooners penetrate the whale’s hide. Likewise, the only way a factory can be steered is for the factory people to sink a thousand probes. There are enough people there. The trick is to get them to sink the probes.

Indulgency

We keep telling ourselves that it all boils down to people. A book by Rensis Likert in 1961 provided more than three hundred studies on the power of “democratic-participative” leadership.1 Massive training of supervisors followed, and today it is hard to find managers who haven’t heard that they are supposed to elicit the participation of their subordinates.

We know this. We believe in it. But we have not known how. Sometimes it takes an outsider to see what is wrong. Robert Reich, a political scientist, writes briefly on the “profession of management” in his book, The New American Frontier. Reich explains the subtle ways that human-social management was being exercised:


Specialists in organization development swarmed over the workplace, conducting encounter groups and “sensitivity-training” sessions. Industrial psychologists provided group counseling and programs of “job enrichment.” Some companies instituted collaborative teams and “quality circles” within which workers could offer ideas for improving productivity—so long as they refrained from challenging the structure of authority in the enterprise. Management consultants espoused “Theory Y” or, better still, “Theory Z.” But these factory-tested techniques for making workers feel better simply constructed a façade of workplace collaboration. The distinction between thinkers and doers remained intact. Ever more sophisticated strategies for improving the “quality of working life” shied away from actually altering the organization of production.2



I favor job enrichment, collaborative teams, quality circles, Theory Y, Theory Z, and quality-of-work-life concepts. They help clean out the clogged arteries through which the lifeblood—information—is supposed to flow. Those programs are never failures.

On the other hand, they are rarely rousing successes either. For a manufacturer to become world-class, mere participation and communication is not nearly enough. Too often the participation is limited to matters like the company benefits package, the recreational program, and the air conditioning. There must be massive involvement in the minute-to-minute problems that operators face on the shop floor. Alteration of the “organization of production,” as Reich put it, is the issue.

How to do it has become crystal clear. The jobs of everyone in the factory must be changed. Most of the line jobs were direct labor (operator or assembler), nothing more nor less. The new line jobs are direct labor plus a variety of indirect duties—like preventive maintenance—plus some activities that have always been done by managers and staff specialists. I refer to data recording, data analysis, and problem-solving.

Pencils and Chalk

Data recording comes first. The tools are cheap and simple: pencils and chalk. Give those simple tools for recording data to each operator. Then make it a natural part of the operator’s job to record disturbances and measurements on charts and blackboards. The person who records data is inclined to analyze, and the analyzer is inclined to think of solutions. Success depends on recording the right kind of data at the right time.

Yellow Lights

One approach is for operators to record a piece of data each time there is a work slowdown or stoppage. The vital piece of data to be captured is the cause of the slowdown or stoppage. I’ll use an actual case to show how it should work. The plant is Hewlett-Packard’s Greeley, Colorado, facility, which is the site of one of the early JIT successes in the United States.

Figure 2-1is a layout drawing of H-P, Greeley’s, first just-in-time pilot project. (The drawing shows the layout as it was in early 1983, before the JIT line was extended backward to include the full manufacturing cycle.) The product is a flexible disc drive called the Sparrow. It was assembled, tested, and packed in the eight-station U-shaped production cell shown in the figure. This is progressive assembly, one unit at a time, and the product is featureless, except that some are single-disc and some are dual-disc models.

[image: Image]

Figure 2-1. Flexible Disc Drive Line



On each work table yellow tape marks off a “kanban square” the size of one unit. An assembler at one table puts a completed unit on the square in easy reach of the next assembler at the next table. No more units may be completed until the next assembler removes the one from the square. The kanban squares assure that waste—more inventory than can be worked on right away—is kept out. There is another, greater purpose: The squares, along with the red and yellow lights and the problem display board next to work station 1, permit capture of problem causes. Forget the red light for now while we see about the yellow one.

Say that the person at table 4 completes a unit and looks to the square on table 3 for another one. The square is empty. Assembler 3 is not keeping up. Assembler 4 might wait a predetermined number of seconds, say, ten. Then assembler 4 turns on the yellow light. The light tells the others they are going to be slowed down, too. More important, assembler 3 must explain the cause. “Why can’t you keep up?” is the question. Assembler 3 may say, “I’ve got too much work to do. I told everyone when the job assignments were passed out that I had too much.” That answer goes up on the problem display board behind station 1. (It was a white board, and felt-tip markers were used.)

The yellow light goes on many times a day. Every assembler is likely to turn on the yellow at least once a day; each time that happens, the previous assembler has to explain why. There is little reason to get embarrassed and go on the defensive, because the assemblers have the chance to state the factor beyond their control that causes the slowdown.

In conventional manufacturing no one records real causes. Each assembler then has the uncomfortable feeling of being blamed for most of the troubles: shutdowns, high costs, poor use of time, poor housekeeping, and bad quality. The yellow-light approach not only gives people the chance to explain real causes; it has them explain right when the event occurs, so there are no questions about bad memories and guessing.

Data Analysis

Something has to be done with the data on the display board. At H-P, Greeley, they held a twenty-minute meeting every day after they had met the day’s production schedule. The agenda for the meeting was on the easel shown at the bottom of Figure 2-1. One or more problems from the day’s problem display board should be agenda items. The team of assemblers, and anyone else they might invite, discuss the problems and brainstorm to try to come up with solutions.

Figure 2-2 is an example of a problem display board at the end of the day. The chart actually would not be arranged with problems in descending frequency or order of importance, a form called a Pareto chart, but it would be easy to rearrange the data into the Pareto form.

Notice that most of the responses came from assembler 3, and “too much work” is the most serious problem. The group discusses the problem and resolves it by taking some small tasks away from assembler 3 and giving them to assemblers 2 and 4; so as not to overload 2 and 4, more small tasks are shuffled to assemblers 1 and 5; the juggling of tasks continues until the production line is fully rebalanced.

It is quite all right for industrial engineers to plan the initial job assignments based on time standards, but we should think of that as rough line balancing. Industrial engineers balance to the mythical standard person, but half the population are faster than that, and half are slower. Thus, after the line runs for a while, the assemblers and the supervisor should fine-tune by balancing the work to the capabilities of each assembler. The yellow lights provide good data for the rebalancing. (At Kawasaki in Nebraska they use the phrase “balancing the line by watching the lights.”)
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