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Introduction

You may have picked up this book because your company is adopting Lean Six Sigma and you want to get a leg up. Great! You’re ambitious and on the ball. Or you might be considering a career path as a Lean Six Sigma leader or practitioner. All the better. Maybe you’ve already been trained as a Lean Six Sigma Black Belt or Champion and want to keep a simple reference on hand.

You’ve come to the right place. Yes, you, too, the small business owner with 12 employees. Use this book to get them all proficient in Lean Six Sigma thinking. Apply some of the principles and tools in your own way to benefit your customers and your business.

Lean Six Sigma is a systematic approach to making your organization better—right where it counts, in your day-to-day work and processes. If you don’t buy into this, and instead prefer the chaos of shooting from the hip, read no further. But if you want to discover the difference between average and world-class organizations, this book will go a long way to help.

First, we give you the concepts and principles of Lean Six Sigma. We believe those who plan and execute change initiatives need to be intelligent about what they’re doing. It’s not enough to just do things. You’re best off when you know why you’re doing what you’re doing, and what purposes are driving you.

Second, we give you road maps, because road maps provide grounding and structure. If you are executing a Lean Six Sigma project, or deploying a Lean Six Sigma initiative throughout your organization, this book shows you the process to follow. (Of course, you can adjust and make detours if necessary.)

Third, we give you tools. The directions won’t mean anything if you don’t have the skills and tools you need to get there. So within the structure of a road map for doing Lean Six Sigma, we give you the most common tools (and only the most common) you’ll need.

View the principles of Lean Six Sigma as your best friend. Look at the road maps as guides, not gospel. Know that the tools are only the most commonly used ones. With this in mind, we hope you’ll experience the value of this book as a clear, concise primer and reference. Nothing more and nothing less.




How This Book Is Organized 

This book is presented in four sections:

Part 1, “Understanding Lean Six Sigma,” is a general overview of the methodology. While not a suspense novel, it’s pretty interesting to know the history of Lean and Six Sigma and how they found each other in matrimony. Aside from that, we take the complexities of Lean Six Sigma and spell them out for you. What specifically is waste and inefficiency? Where does it hide in organizations? How can you root it out? Why do you have to perform at a Six Sigma level of no more than 3.4 defects, or errors, per million opportunities? That sounds crazy. Can’t you just be good 99 percent of the time instead of 99.9997? No matter who you are or what your role is in an organization, read this part to get your brain set in the right place.

Part 2, “Defining and Measuring Performance,” is the first of two parts covering the Define-Measure-Analyze-Improve-Control (DMAIC) project execution road map. What is your process and what’s wrong with it? What exactly needs to improve and by how much? How can you translate that need into a project charter? You get all the details here, and tools you can use. Primarily for the Lean Six Sigma practitioner, and secondarily for the Lean Six Sigma leader, this part gives you the skinny on defining projects and measuring performance (first two phases of DMAIC). If you have a good background in statistics and industrial engineering, or are one heck of a smarty, you can use this part as a guide to completing the Define and Measure phases. But don’t be surprised if you need more resources or training, especially if your process is more technical or complex.

Part 3, “Analyzing, Improving, and Controlling Processes,” covers the latter three phases of the Lean Six Sigma project execution road map (DMAIC). What process factors (methods, people, machines, etc.) are responsible for your poor performance or excess process variation? How do you know what’s wrong and what, exactly, you need to change? These seem like simple questions, but they’re not, especially in organizational environments. This part of the book, like the last, is also for the practitioner first and the leader second. It brings you into the deep end of the statistics pool. Maybe you can’t touch the bottom, but at least you have the courage to get in there. With the help of Lean Six Sigma analytics, you’ll end up with the very best improvement to your process. Then you’ll be delighted to do what wise people do: ensure that your new and improved process stays the same, for a long time.

Part 4, “Leading Lean Six Sigma Initiatives,” is about organizational change, in step-by-step fashion, but not to the extent of a detailed cookbook. No, you can’t turn off your mind and lead Lean Six Sigma. But you can take heed and learn about what’s worked before. When do you implement Lean Six Sigma, and when do you pursue  some other approach? On what business metrics do you focus? Who is responsible for meeting financial targets for the initiative? Try rolling Lean Six Sigma out to six different countries speaking three different languages, and operating at more than 600 locations worldwide. If that proposition doesn’t sound interesting to you, skip this part. If it does, then you were born for leadership. So by all means, build your infrastructure for change, drive it, empower it, and enjoy the satisfaction that only widespread change can bring.




Things to Help You Out Along the Way 

Throughout this book you’ll encounter sidebar messages with interesting, concentrated content. Read these to get the Lean Six Sigma edge. They will definitely make you smarter and keep you from making unwanted mistakes.
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Lean Six Sigma Lingo

To be proficient, you need to speak the language. We’ve highlighted all the Lean Six Sigma terms you need to know. Go ahead and impress your co-workers and bosses by learning the Lean Six Sigma lingo!
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Real-Life Story

It helps to know someone somewhere has actually done Lean Six Sigma, and has successfully applied its many tools. Find out who has done this and what they did by looking here.
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Lean Six Sigma Wisdom

You’re sure to find some valuable tidbits here for making the Lean Six Sigma journey easier. Look for helpful tips from the people who‘ve been living and breathing Lean Six Sigma for a long time.
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Technically Speaking

Maybe you’re interested in technical details, and maybe you’re not. If you are, pay attention to these little side conversations. All are welcome—not just statisticians and math mongers!
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Performance Pitfall

Lessons learned the hard way. These are mistakes made by those who don’t apply Lean Six Sigma right the first time. Learn from them, and don’t make the same mistakes yourself!
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Quotable Quote

How many times have you heard words worth remembering? Probably not that often! But when you do, it pays to remember them. So don’t miss these quotes of inspiration.
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Part 1

Understanding Lean Six Sigma

Lean Six Sigma is not a simple subject, and you can get lost in the details pretty fast. That’s why this part summarizes the key points and principles of Lean Six Sigma. What is Lean Six Sigma? From where did it come? What are its main objectives? You’ll do well to answer these questions before jumping into the details of project execution and Lean Six Sigma leadership. Therefore, use this first part to educate yourself, and to pick up some great fodder for explaining Lean Six Sigma to your boss, co-workers, spouse, friends, or anyone else who will listen!
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Chapter 1

What Is Lean?

In This Chapter

♦ The definition of Lean
♦ The benefits of Lean
♦ The history of Lean
♦ Kaizen Events

 

This chapter will give you a straight-out definition of Lean. We’ll also tell you where Lean came from and why it exists. (Preview: to eliminate waste and improve efficiency!) Finally, we’ll give you the basic scoop on Kaizen Events, the vehicles for making rapid Lean improvements.




It’s All About Value 

Lean is a body of knowledge and tools organizations use to remove all non-value-added time and activity (or waste) from their processes. Whether you work for a government agency, small business, large corporation, hospital, school, or any other organization, your company exists to provide value to customers. You should recognize that schools call customers “students,” health-care professionals call them “patients,” government agencies call them “citizens,” and so on.

For some, Lean is a set of methods and tools for improving a process. For others, Lean is an improvement system, like the Toyota Production System, that sets the framework for how the whole enterprise operates. As much as Lean is a tool used to improve processes, it’s also a philosophy and system by which to run an organization or company.
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Lean Six Sigma Wisdom

The benefits of Lean are as follows: removes non-value-added activity, reduces waste, cuts lead times, slashes inventories, lowers cycle times, improves cash flow, minimizes downtime, reduces defects and errors, improves productivity, fool-proofs processes, and increases customer satisfaction.


While all organizations are different, they are all the same in that they exist to fulfill some human or societal need. In fulfilling that need, all organizations take a certain set of inputs and transform them into certain outputs, called “products,” “services,” “transactions,” etc. A school, for example, takes curriculum and course materials and, through the functions of teaching and administration, injects this knowledge into students’ heads. At least that’s what’s supposed to happen, with the students’ help!




Lean Is One Big Waste-Removal Machine 

All along the pathways of what organizations do, there is ample opportunity for wasted time, people, equipment, space, steps. There are many, many chances to make mistakes, which then require you to incur unnecessary costs in fixing them.

As you know, there is one best way to do anything. If you pride yourself in being good at something, then you know there’s always a better way to do that something. Ask any fly fisherman, basketball player, seamstress, or parent if there are good ways of performing, and if there are also not-so-good ways.

Now imagine an organization the size of the U.S. Postal Service with 700,000 employees, 170,000 vehicles, and nearly 40,000 separate locations. Can you even imagine the work involved in delivering more than 700 million pieces of mail each day, excluding Sundays and holidays? That’s about 213 billion pieces of mail each year!

Further, can you imagine the waste and lost dollars caused by just one simple inefficiency that gets replicated throughout the entire system? Or the savings implications of making one replicable part of the system run a little better? You’re talking millions and millions of dollars sitting on the table, if not billions.

Even small organizations have plenty of chances to incur waste as they serve clients day by day. Waste and inefficiency are everywhere. Poor quality is everywhere.  Because of this, everything you do is constantly subjected to the law of improvement: No matter how well or fast you do something today, you can improve the way you do it tomorrow.

And by the way, improvement isn’t optional: it’s necessary for survival. In Lean terms, this is called “striving for perfection,” and it’s at the heart of Lean Six Sigma.

The key point in defining Lean is that its heritage and techniques are grounded in the drive to make business operate faster. Any time you can do this, you’ll also probably experience fewer defect and quality problems (which Six Sigma fixes). Similarly, Six Sigma exists primarily to reduce defects, but in doing so usually enables organizations to operate faster (see Chapter 5).
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Lean Six Sigma Wisdom

Lean uses time as the primary metric of interest. The cycle time it takes to do a task, lead time it takes from order to delivery, time a person waits, etc. It was Benjamin Franklin who coined the phrase, “Time is money.” He may not have invented the tools of Lean, but he certainly got the metrics right.





Where Did Lean Come From? 

We trace the roots of Lean back to the early days of mass production (1910) and Henry Ford, who enacted the groundbreaking work of Fredrick Taylor (scientific management), Frank Gilbreth (father of industrial engineering), and such others as Henry Gantt (inventor of the Gantt Chart). Like all industrialists, Ford wanted to make as many units as possible in the shortest possible time.

Gilbreth pioneered the study of “time and motion” with a moving-picture camera to dissect how certain industrial tasks were performed, and how long they took. By focusing first in the construction industry, he noted that different bricklayers enacted different actions in doing their jobs.

He then used this data to standardize the one best way to lay bricks and perform other tasks. By doing this, and by developing a scaffold, he reduced the number of actions required to lay a brick from 18 to 4.5! This is the spirit and practice of Lean embodied by someone who lived a long time ago. Today this spirit lives on in the countless people and companies that constantly strive to do more in less time.


Henry Ford’s Big Problem 

There’s certainly a lot we could say about Henry Ford and his contribution to business. But when it comes to Lean, the hallmark of his contribution was the design of his River Rouge factory and its continuously moving assembly line. Still, as marvelous as Ford’s company was and is today, it had one big problem back then. There was only one model in one color! (The black Model T.)

“They can have any color they want, as long as it’s black,” said Henry Ford. A true industrialist, Ford understood the huge challenges and downtime involved in changing from one mode of production to another. Automaking in the 1950s required sheets of steel to be stamped by large presses into fenders and other parts, and each part required a unique die in the stamping press.

The die on a press could be changed, but it took a team of special mechanics an entire day to do so. The positioning of the die was critical, and startups on a new die were often fraught with misalignment and high scrap rates. Given the expense of these die changes, the wisdom of the day was to make large batches, going for months at a time between changeovers.

In industry, you can always produce mass quantities of identical items in short periods of time with few defects. All you have to do is perfect one thing, one process, one way, and you are there. But the reality of demand is that many consumers want many products and services in many different ways. Just ask your local bartender or pizza maker about the varied needs of customers.

Ford’s dilemma had to be solved because customers began demanding cars in different colors, and eventually demanded different models. The whole world in general would become a place where many different kinds of people would want many different kinds of things. Change was inevitable and mass production could only lead to one place eventually: mass customization.
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Real-Life Story

Toyota is consistently and by far the most profitable automaker in the world, although it’s only the third largest behind GM and Ford.



Taiichi Ohno’s Revelations 

Lean greatly matured when Taiichi Ohno developed much of the thinking and practices that later became the Toyota Production System (TPS). Ohno was a forward-thinking assembly manager at Toyota in the 1940s and 1950s, when the company was on the verge of bankruptcy and couldn’t afford to invest in new equipment or large inventories.

At the same time, the world was moving from mass production to more flexible, shorter, varied batch runs. People not only wanted the same car in different colors, but they wanted different cars with different features. All fine and good, but delivering on this would require enormous change for Toyota and every other carmaker in the world.

As the mother of invention, necessity did her job at Toyota, with Ohno’s help. As always, common wisdom and belief had to fly out the window, giving way to a new world order. Ohno, Toyota, and the TPS would redefine the imperative of business: to solve the paradox of assembly line efficiency and marketplace variety.

To do this, Toyota had to solve the problem of changing from one production mode to another, so it could provide variety, not just one automobile, one way. Therefore, Ohno collaborated with Shigeo Shingo, the main purveyor of a technique called the  Single Minute Exchange of Die (SMED), or, as it is known by many today, Rapid (or Quick) Changeover.

Shingo was inspired by Ohno, who in turn was inspired during a trip to America where he watched the Indy 500. Watching race cars in the pit stop get refueled and serviced, Ohno saw the light. Why couldn’t die changes be made in a minute, not in a day? Streamlined, simplified, and Mistake Proofed, new changeover techniques were developed and quickly mastered by stamping press operators.

But that’s not all Ohno saw during his trip to the United States. He also noticed that when inventory at American grocery stores became thin, this triggered a replenishment signal to suppliers. In other words, why order materials in large batches regardless of production demands when you can order them only as they are needed?

If you visit a Toyota assembly line today, you see cars move down the line at 57-second intervals. It’s fast-paced, just like Ford’s River Rouge plant, but with the added feature of mass customization.
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Lean Six Sigma Lingo

The Lean practice of changing over from one mode of production to another, like switching from making black cars to making red ones, is called Rapid (or Quick) Changeover, or Single Minute Exchange of Die (SMED), and is based on the work of Shigeo Shingo.
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Real-Life Story

Because of its innovative use of Lean techniques, Toyota lowered its new product development process for related vehicles down to about 12 months. This is half the time it takes most competitors to do the same.


Among other differences, you see a mix of colors coming down the line: perhaps three white cars, then one tan, one blue, two green, one red, two black, and then the sequence repeats. The mix is changed as the customer orders change, but the concept remains: make what the customer is buying. Not just black for everyone!


The Machine That Changed the World 

Who are you when you get your B.A. in political science from the University of Chicago, a Master’s from Harvard in transportation systems, and a Ph.D. in political science from MIT? You guessed it: James Womack, the one who coined the term “Lean Manufacturing” with co-author Daniel Jones in their landmark book, The Machine That Changed the World (1990).

While Womack’s education is in political science, his doctoral dissertation and subsequent work was focused on comparative industrial policy in the United States, Germany, and Japan. That’s how he developed his extensive knowledge and relationships for writing his 1990 book and his follow-up book, Lean Thinking, in 1996.

Womack’s Lean Principles are as follows:1. Value—Act on what’s important to the customer of the process.
2. Value stream—Understand which steps in the process add value and which don’t.
3. Flow—Keep the work moving at all times and eliminate waste that creates delay.
4. Pull—Avoid making more or ordering more inputs for customer demand you don’t have.
5. Strive for perfection—There is no optimum level of performance; just continually pursue improvements.


While Ohno and Toyota built the house of Lean brick by brick, and while many other companies have adopted TPS principles and practices, Womack brought it all together into a thinkable and deployable system. Womack’s work has also gone a long way in migrating Lean practices into the heart and soul of the entire enterprise, not just the manufacturing functions.

Consequently, similar to the path of quality and Six Sigma, the business world has fully awoken to the undeniable fact that Lean is for banks and hospitals and service companies as much as it is for manufacturers.

A bank used Lean to reduce loan-approval processing time from 21 days to 1 day. A hospital reduced the average emergency room patient wait time from 100 minutes to 10 minutes without adding any staff. Southwest Airlines applied Rapid Changeover to achieve best-in-class gate turnaround times.

If you have a process (and who doesn’t?), the principles of Lean apply. And who can we thank or acknowledge for this? Even more than the big names like Ford, Ohno, and Womack, we can thank the thousands of companies that stamped Lean’s imprint into their organizations. They are the true testament to Lean’s universal applicability.

So if you understand the principles and aims of Lean, how do you enact them? Typically, you implement Lean changes in your organization through a series of activities called Kaizen Events.




What Is a Kaizen Event? 

A Kaizen Event is a planned and structured process-improvement effort that enables a small group of people to improve some aspect of their business in a quick, focused manner. Kaizen is the tool used in Lean transformations to break down the “project mentality” and create a “bias towards action” in a war-room-like environment.

There are several different names and generic types of Kaizen Events, which, by the way, are also known as Rapid Improvement Events. A Flow Kaizen looks at improving the entire Value Stream and is typically led by a senior manager. A Point Kaizen (sometimes called Genba Kaizen) works to improve a specific point in the Value Stream and is led by a front-line associate.

Further, sometimes Kaizen Events are referred to as Sigma Kaizens when they are enacted to move rapidly through the five phases of the Six Sigma breakthrough strategy—Define-Measure-Analyze-Improve-Control (DMAIC). Others call the Kaizen Event a Lean Sigma Event, when it incorporates the philosophy and tools of both Lean and Six Sigma.

This can sometimes lead to confusion, with people believing there are a great number of different Kaizen Event types. But in reality the process of planning and executing a Kaizen is almost the same regardless of the objectives or tools used. Here are some general guidelines:♦ Successful Kaizen Events require thoroughness. The devil is always in the details. Kaizen Events are fast-paced, and there is no time for major adjustments once they are underway. Therefore, do your homework and preparation up front, and consider all of the variables, people, and interactions prior to the event kickoff.
♦ Successful Kaizen Events require training. This includes training and knowledge of many Lean tools and techniques; you can’t expect people to make Lean improvements if they don’t know how to think in a Lean way or apply Lean techniques.
♦ Successful Kaizen Events require change management. While some people are born leaders, you can learn and teach people how to manage change. Aside from the technical and mechanical knowledge required, your ability to lead and motivate people—and keep them on track—is the determining factor in your success.
♦ Successful Kaizen Events require participative management. During a Kaizen Event, managers are concerned with getting everyone’s participation, not in telling people what to do. And workers are much more involved in creating solutions than they are in the rote aspects of their jobs. Everyone comes together, especially those closest to the process, to examine how the work really gets done and what needs to improve.




The Least You Need to Know 

♦ Any and every organization can use Lean and its tools to remove non-value-added time and activity (or waste) from its processes.
♦ Lean helps you to cut lead times, slash inventories, lower cycle times, improve cash flow, minimize downtime, and “foolproof” processes.
♦ The roots of Lean go back to the industrial revolution, Henry Ford, and the Toyota Production System, which is the benchmark for Lean.
♦ James Womack and Daniel Jones popularized Lean with their 1990 publication of The Machine That Changed the World. 
♦ A Kaizen Event is a planned and structured process-improvement effort that enables a small group of people to improve some aspect of their business in a quick, focused manner.






Chapter 2

The Basics of Lean

In This Chapter

♦ Waste is produced in many forms
♦ Rapid changeover is key
♦ Keep your operations flowing
♦ Make it impossible to fail

 

In this chapter, we’ll summarize the eight types of waste because they are the targets of your Lean arsenal. You really should know what you’re shooting at before you start shooting!

Also in this chapter, we’ll briefly introduce the main ways you’ll want to attack waste in your organization. Call them techniques for taking out the garbage. This is where you’ll be introduced to many of Lean’s family members: the siblings of Pull, Flow, Mistake Proofing, and others. Trust us … if you know these, you know how to keep your operational house clean.




Muda, Muda, Muda (The Eight Types of Waste) 

The Japanese word muda means “waste” in English. “So just what is this waste we seek to destroy?” asked one eager Lean trainee. “Many types, my friend, many types,” said the Lean Master. “Seven to be exact, at least as  originally defined by Taiichi Ohno. But later one more form of waste, intellect, was added to Ohno’s original list, so really there are eight.”

The harsh reality is that waste exists in all processes in all organizations. Knowing this is a truism about you and your organization, wouldn’t you want to know more about it? Wouldn’t you want to know as much about waste as possible so you could find it and throw it in the garbage? Learn each of the following types of waste and see where your garbage is hiding:♦ Waiting
♦ Overproduction
♦ Rework
♦ Motion
♦ Transportation
♦ Processing
♦ Inventory
♦ Intellect




The Waste of Waiting 

How much time have you wasted standing in line, waiting your turn? There’s no question that you would consider that waste. Another example of waiting is taking your car into a service garage for routine maintenance. It takes less than 10 minutes to change the oil in your car. Yet you sit in the waiting room for more than an hour. That’s waste.
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Performance Pitfall

Don’t fret when a problem seems to fit into more than one category of waste. They often do. The objective is to identify the opportunity and do something about it, not to create a perfect categorization scheme.


Now imagine you’re a computer under assembly on a manufacturing line. The workers are all there, the equipment is ready, and then production on you comes to screeching halt. The workers are waiting for a missing part. That’s waste.

The waste of waiting applies to all processes, not just production. Imagine you’re a document that’s routed around for approval. Each time you go into that in-box, you’re waiting. No action is underway. When no action is underway, no value is added. No action = waste.


The Waste of Overproduction 

Imagine a steel mill where the slab-making manager gets a bonus based on how much product his operation makes. Since the finishing process that rolls these slabs into finished sheets of steel has its schedule tied to the customer orders, what happens to the unneeded slabs? The mill runs out of storage space and has to store them outside where they rust and are scrapped. Producing more than you need is waste.
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Real-Life Story

Did you know a bank is required to publish a quarterly financial statement? Do you care? We do, because now we can tell you about an overly ambitious bank officer we know who insists on submitting 50-page statements, even though the requirement is 10 pages. Not only is this a wasteful use of the bank officer’s time (overproduction), but the customer of the report (FDIC) is not happy because they spend more time reading it. This adds processing time and is unnecessary.


Overproduction sounds like it can only happen in manufacturing, doesn’t it? Not so. What about a book writer who produces three words for every one that ends up in the manuscript. Is this waste? Yes, it’s the waste of overproduction, and don’t doubt it for one second: it is rampant in most information-intensive businesses and business functions.


The Waste of Rework 

Scraping the burnt crust off of toast that has been heated too long is necessary to salvage the toast, but, still, it is waste. It’s so much better to get the toast right the first time. Better tasting, faster, and less effort.

In manufacturing plants, the need for rework is usually easy to spot. Quality attributes are measured, defects are tagged, and the item is set aside for rework. Manufacturing operations have a leg up on many of their nonmanufacturing brethren, because the act of reworking is more visible.

On the other hand, rework is largely invisible in nonmanufacturing environments. That’s why it’s called the “hidden factory.” In fact, sometimes rework is built right into the process as a “necessary” step, called “editing” or “correction” or “revision.” As in manufacturing, the goal of any service process should be to do it right one time only, the first time.
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Lean Six Sigma Wisdom

Keep in mind that some waste, such as inspection and rework, is actually expected and unavoidable until you redesign the process that creates the defects.


Usually rework isn’t even measured and tracked in transactional and service environments. How well do you think office workers would fare if their communication errors were counted? Let’s see, all those memos and e-mails, all those meetings … plenty of opportunity for errors, don’t ya think?

What about rework due to management decision error? We won’t even go there, even though it might be fun. Just know that decision error has huge implications on the performance of an organization. One bad decision can cause a decade or more of rework. Just ask IBM, which had to rework its strategy after deciding that there was no market for personal computers.


The Waste of Motion 

Any extra movement by people that does not add value is waste. Walking throughout the house, lifting sofa cushions, looking for those misplaced car keys is a waste of motion.

Picture the packing station at a fruit plant where the packers had to walk 60 feet each time they needed a new empty box. By revising the storage area layout and adding a simple roller conveyor for the empties, the workers now had the boxes coming to them. The motion waste of those 60 steps was totally eliminated.

As another example, a hospital blood-testing lab diagrammed the path a technician takes to complete a test procedure. Because of poor placement of the test equipment and the computer terminal, the technician was covering 800 feet for each test procedure run. By just rearranging the workplace, the distance was reduced to 400 feet, reducing the waste of motion for that position.


The Waste of Transportation 

Ever notice that restaurant dining rooms are located next to kitchens? It’s to minimize the transportation time of food so it gets to the customer faster, and in its best possible eating state. Placing the dining room farther away only increases waste; any unnecessary movement of product or information is the waste of transportation.

A manufacturer of paper had two processing steps, making and finishing. Space was at a premium, so the work-in-process inventory (large rolls of paper weighing 3,000 pounds) were stored in a warehouse about 4 miles away.

The rolls were moved from the making area to the truck-loading dock by fork truck, where they were loaded onto a semitruck. The truck took a load of rolls to the warehouse, where they were unloaded by another fork truck and put into storage. When needed, a fork truck was used to load the rolls back onto the truck. They were transported back to the loading dock, unloaded, and moved to the finishing area by fork truck. The truck, fork trucks, drivers, and dock were all components of the waste of transportation.

What’s the difference between the waste of motion and transportation, you ask? Great question!

Some say motion pertains to the distance covered or actions made by a person or machine fixed in one location—like the sequence a technician would follow in turning on and off five water valves lined up left to right. And the waste of transportation is when anything, including a person, has to be moved from one place to another to get a job done—like flying parts from one factory to another to complete a final assembly.

Others, however, think of motion as relating only to the workers in the process, while transportation refers only to the movement of product or material through the process, not a person. Remember, there are no hard, fast rules about where one type of waste starts and another begins.


The Waste of Processing 

Do you know someone who washes the dishes before putting them in the dishwasher? That’s called “double processing,” and it is wasteful. (“Double processing” is not a Lean term; we just thought it sounded kind of cool). In any case, effort that adds no value to the service or product is waste.

An aircraft manufacturer found that it took an average of 123 days to process a change to an engineering drawing. The process was diagrammed in detail and found to have 144 steps, many of which were non-value-added, redundant reviews. Eliminating these enabled the process to clip along with only 25 steps at a rate of 10 days average. All those extra reviews were overprocessing.

How about all those e-mails? How many do you get that really don’t matter to you? We’re not talking about spam here, but about all the work-related e-mails people get that they don’t need. Yes, the time involved in copying people and routing messages around that are not essential does fall into the category of processing waste. But much more so is the time people waste reading the unnecessary e-mails.
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Lean Six Sigma Wisdom

You’re pretty smart if you’re asking how the waste of processing is different from the waste of rework or overproduction. Well, they are all similar in nature. While rework generally has to do with fixing a product because it wasn’t right the first time, processing waste is doing more work than needed to complete a task or unit. Overproduction, on the other hand, is the result of making more units than you need—like a student who writes and submits 10 case studies instead of the 8 for which the instructor asked. Essentially, the wastes of rework, overprocessing, overproduction—and even motion and transportation—all come down to performing more steps and actions than are required to get a job done.



The Waste of Inventory 

A friend who plays tennis got a great deal on tennis balls and bought eight cases of them—a four-year supply! “10 cents a ball,” he would brag around the court. Unfortunately, the cases took up so much room in his garage, he had to park his car outside. Sadly, after one year, the remaining balls had gone flat and weren’t playable.

As another example, a hospital ordered four years’ worth of a patient information booklet. Less than six months later they changed some of their policies and the hospital was left with three and a half years of obsolete booklets. Many insurance companies process claims in batches, and the claim work has to move between, say, four different work areas. Claims accumulate, then they are moved to the next step when they reach a certain number. Meanwhile, they sit idle. One company reported that it spent only one hour actually processing claims, even though the time in to the time out was at least five days. Remember, value cannot be added to an item in inventory.

Having more material, parts, or information than you need at any time is waste. While too much inventory is waste, not enough inventory is waste, too. How come? Because then the process has to stop and wait. Remember the waste of waiting?


The Waste of Intellect 

Have you ever worked at a job where your ideas weren’t welcome? Where your boss said, “Just shut up and do what you’re told”? That’s a waste of your intellect, and great companies will always do their best to tap into your brain, experience, talent, creativity, and ideas.

A copper-smelting plant had 400 employees, 340 of whom were shift workers performing the operations. When management selected project teams to increase production,  not one of the 340 shift workers was chosen. Meanwhile, most of them had years of experience and, undoubtedly, valuable insights and ideas. It’s too late now … the plant missed its production targets and was shut down. How things might have been different if the intellects of the people who knew the most were not wasted.

A hospital recognized the latent talent in its staff and selected eight nurses to be part of their first class of Lean Six Sigma Black Belts, which received training and got time to work on improvement projects. Their work was so successful that the hospital continues to select at least one third of each Black Belt class from its nonmanagement ranks. The hospital is reducing the waste of intellect and reaping the benefits.

[image: 018]

Lean Six Sigma Lingo

A Black Belt is an expert problem solver who is trained in Six Sigma methods and statistical tools. A Master Black Belt teaches Black Belts (and Green Belts) to become proficient in executing Six Sigma projects. A Champion is a manager or business leader who spearheads the selection and implementation of Six Sigma projects.





You Know More About Lean Than You Think 

Now that you know about all the ways waste can happen, what are you going to do about it? Future chapters give you all the tools for identifying, measuring, and removing waste in your organization. Here, you can keep learning before jumping into the details of actually doing a Lean Six Sigma project.

And before you do, anyway, it might be very helpful to know that certain techniques underlie Lean and the application of its tools. These techniques follow, so know them well because they’ll put you in the right mind-set for Lean success.


Practice Rapid Changeover 

Do you know how much money it costs an airplane to “wait” at the gate for passengers? It’s about $100 per minute of delay, or about $6,000 an hour. That’s why companies like Southwest Airlines have used Rapid Changeover principles to minimize the amount of time its planes are sitting at gates. Makes a whole lot of sense, and it keeps airfares down.
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Lean Six Sigma Wisdom

The key to Rapid Changeover is to study the change process and each of its steps. Steps that are not adding value are eliminated. Certain other necessary steps are performed in parallel so there is less idle wait time.


While your time may not be worth $100 a minute, you do a changeover every day—when you wake up in the morning and take a shower before work! You are changing yourself over, getting ready for a new day, just like an airplane has to get ready for its next load of passengers. The question is: how long do you take to shower, and what could you gain by shortening that time? Saving 6 minutes a day would give you an extra 1.3 days a year of time.


Keep the Flow 

Do you get upset with long lines at a grocery store? You’re not alone. It takes less than 3 minutes to scan and bag your items, yet you stand in line waiting for 15 minutes. What’s up with that? Wait time is not adding value to you as the customer, and you are not flowing unfettered through the process. Don’t they know how important you are?

The focus of Lean Flow is to keep you moving through the process, or to keep parts moving through a process, or to keep information processing on a computer at all times. Can you see how good flow helps you attack the waste of waiting, processing, and inventory? How about making sure knowledge workers have good mental flow rates? That’s an interesting one to ponder.

The value proposition for any process includes quality, price, and timeliness. If two grocery stores offer the same inventory at the same price, which will you frequent—the one with the shorter or the longer lines? If you have two ways to go to work, and one is a little longer but you get to work faster because of your flow rate, which route will you take? (These are not trick questions.)

You’ve heard the phrase “go with the flow.” Well, that doesn’t apply in the world of Lean—not for manufacturing or for service- and transaction-based businesses or functions. If you want to be lean and mean, you have to measure your Flow and determine what your “Flow Time Efficiency” is. This is the beginning of the change process: coming to terms with how good or not good you really are.

Therefore, the Lean metric of your Flow Time Efficiency is calculated like this:
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This equation takes into account where theoretical Flow Time is the actual amount of time it takes to perform the process steps with no waiting or rework, and where average Flow Time is the actual amount of time it takes to complete the steps, including waiting and rework.

Here are some typical Flow Time efficiency statistics in some white-collar environments:

Flow Time Efficiency Examples
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Source: Blackburn, J.D. “Time Based Competition: White-Collar Activities,” Business Horizons, 35 (4): 96-101 (1992).


Pull What You Need 

The Lean principle of Pull says that you allow the actual use of a resource, or input, to dictate when it is restocked or replenished. A good example of this is a vending machine, which in many cases creates a visual signal to the supplier that it is time to restock. The signal is visual, easily understood, and easy to administer.

Lean Pull systems are called “Kanban” systems in Japanese. Loosely translated, Kanban means “card” or “sign.” If you’ve never seen a live manufacturing or assembly plant using visual Kanban systems, you might want to plan a field trip. It will be well worth your while to see the system of pull cards working in real life. Used at some stock point, the Kanban pull system orders new material batches from suppliers only when the previous batch is withdrawn from the system.

Nursing-station supply cabinets function as pull systems when they are set up like vending machines. Such items as gloves have designated slots, and vendors restock the machines regularly with the needed, or missing, quantities. This eliminates the problem of not having a needed item in stock while also preventing the waste of oversupply.
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Lean Six Sigma Wisdom

Kanban pull systems are often used as pieces of an overall “Just in Time” approach to inventory management. Just in Time systems are designed to keep materials out of inventory, such that they are delivered directly from the supplier to the workplace when they are needed to make or assemble a product. Information, too, can be Just in Time, such as when you receive Lean Six Sigma training right as you are implementing your first Lean Six Sigma project.



Balance the Workload 

Have you noticed that many fast-food restaurants have two windows? You give your money at the first window while you get your food at the second. Both windows are staffed during peak times, but only one window is staffed during low-demand times, when the same person handles all money collection and food disbursement. In the meantime, the person who was staffing the other window during the peak time is off of work, or performing some other needed task.

Some smart people soak their dishes in the sink before washing them. If you do this, you are balancing your workload. After Thanksgiving dinner, it’s peak washing time, baby! The dishwasher is full and there are more dishes to do. If you let the dishes soak in water, that will loosen the grime and make your washing job easier, or, shall we say, “more level.”


Develop Cellular Layouts 

Anyone who’s ever remodeled a kitchen knows about the design principle of the triangle. Good kitchen layouts use the triangle layout of sink, stove, and refrigerator to reduce the waste of travel time between work spaces.

Sometimes the triangle is made with the range in the middle, as an island. This is the place where the cooking work gets done, and ideally it’s quickly accessible from the refrigerator and/or the pantry. Also, it’s good when the sink is near the cooking island, too, as used pots and pans have to be placed into the next step in the process.

In manufacturing environments, Cellular Layouts enable customization work, as well as a cross-trained, cross-functional team approach to assembly. In offices, Cellular Layouts also encourage effective teamwork, as various contributing functions have access to each other along the Value Stream. Imagine a think tank in one room versus five people sitting in their own separate cubes trying to solve the same problem.

The hallmarks of Cellular Layout are flexibility, speed, real-time coordination, small batches, customization, and high-quality work. Can you see how Cellular Layout might address one or more forms of the eight types of waste?


Embody the Five Ss 

Have you admired the kitchen, garage, or closet of a friend where everything is neatly organized and uncluttered? That friend is applying the 5 Ss of Lean: Sort out what’s not needed, neatly Store what is needed, clean and Shine the area, Standardize the layout, and Sustain the effort. You feel better working in such a space and waste less time looking for things.

The Five Ss apply to working environments of all types, everywhere. Have you ever heard the axiom “cleanliness is next to godliness”? Well, we don’t really know how true this is, do we? Some very good people are very messy, and some very clean people are not so nice. In any case, no matter where you work or what you do, keeping an orderly working environment leaves less opportunity for mistakes, inefficiencies, and mishaps.


Make Mistakes Impossible 

The Japanese term “poke-yoke” means “inadvertent mistake” (poke) and “prevent” (yoke). Therefore, if you poke-yoke a system, you are making it very difficult for people to make an inadvertent mistake.

Before the term poke-yoke, the Japanese phrase used was translated as “idiot proof.” In other words, a system designed to resist inadvertent mistakes is an idiot-proof system. But this was not politically correct. In fact, people make mistakes in general, regardless of their intelligence or level in the organization. Nevertheless, we hope you can see the humor of calling a process or action step “idiot proof.”

Have you noticed that some paper application forms highlight the required fields? This has proven to reduce the occurrence of incomplete applications. In this digital age, electronic forms go a step further and Mistake Proof the application process by not accepting it until all the required fields are completed.

Did you know a desktop computer is idiot-proof? Well, it must be if you’re using it! (Ha ha, if you can’t take this joke you shouldn’t have bought an Idiot’s Guide in the first place!) Your computer has all the plug-in ports for your printer, mouse, power, Ethernet, and so on. You couldn’t plug the wrong cable into the wrong place if you tried.

Which form(s) of waste do you think Mistake Proofing addresses? Go ahead and look at the previous section and figure it out yourself. We do know you’re far from an idiot, and won’t have any problem mapping all these Lean principles and practices back to the eight types of waste.


Standardize Work and Processes 

Otherwise known as the infamous standard operating procedure, Standardized Work is the key to sustaining your Lean gains. How good would your grades be, for instance, if you had no set way of studying for exams? And what kind of a student would you be if you didn’t standardize the way that works best for you?

What if you had no set way of mowing the lawn and just erratically zigzagged your way through it differently every time? Do you have a set place for your car keys and, if not, how much time do you spend searching for them on a regular basis? What if a surgeon sometimes washed his hands before surgery and sometimes not? Chaos. That’s what would happen, and sometimes even the harm of human life.

The fathers of scientific management taught us the value of work standardization a long time ago and, in regard to this, nothing has changed since then. True, sometimes you have to build flexibility and spontaneity into an otherwise hardwired process, and you have to do this more these days than ever before. But the need to standardize certain work functions will probably never go away.

 

The Least You Need to Know ♦ Lean defines eight types of waste you need to attack: waiting, overproduction, rework, motion, transportation, processing, inventory, intellect.
♦ The eight types of waste intersect each other, so when one type exists that makes it more likely that other types will exist as well.
♦ There are many Lean techniques for attacking waste, such as Rapid Changeover, Flow, Pull systems, Workload Balancing, Cellular Layout, Five Ss, Mistake Proofing, and Standardized Work.
♦ The Lean techniques underlie the application of the many Lean Six Sigma tools. They are the main categories into which you can organize these tools in your mind.
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Recipe for Failure

Lean Six Sigma is promoted
as eritical to the success

of the company, and as the
framework for how to manage.
Hard sell with mandatory
participation by all business
units

Champions are chosen by senior
exccutives and have significant
business and P&L accountability.

Exccutives and Champions undergo
extensive training to develop
competencies.

Champions select Lean Six
Sigma Belts from the best
of the best

The CEO o senior leader
reviews and makes the final
selection of Lean Six Sigma Belts.

Lean Six Sigma is broadly
implemented.

x Sigma Black Belt
ing begins
carly. Skilled Black Belts are
seen as future leaders.

All capable employees trained
at Green Belt level and
leading projects.
nior financial pers
establish guidelin
oversee financial analysis
and trac}

Lean Six Sigma is used to
complement other initiatives
and forced to not interfere
with other efforts.

Soft sell with optional
participation by bu
units

Champions volunteer, are
chosen because of avail-
ability, or because they're
part of the quality organi-
zation.

Only Champions undergo
competency training, while
senior executives settle for
awareness training.

Belts are chosen because they
are expendable or available,

or exclusive to the quality
department.

“The CEO or senior leader has
n0 hands-on role in Belt
selection.

Lean Six Sigma is selectively
implemented (pilor) to

satisfy certain stakcholders.
Return of Black Belts to
functional carcer paths.

Gireen Belts scen as only
limited support group for
Black Belts.

Finance organization not
involved in process or treats
process as extra work.






OEBPS/mana_9781440696954_oeb_025_r1.gif
pppppp






OEBPS/mana_9781440696954_oeb_067_r1.gif
e o

senet o

e 3o

Low e i






OEBPS/mana_9781440696954_oeb_084_r1.jpg





OEBPS/mana_9781440696954_oeb_296_r1.gif
Yield % Sigma Defeets per Million Opportunities

99.9040 460 960
99.8650 450 1,350
99.8140 440 1,860
99.7450 430 2,550
99.6540 420 3,460
99.5340 410 4,660
993790 400 6210
99.1810 3.90 8,190
98.9300 3.80 10,700
98.6100 3.70 13,900
98.2200 3.60 17,800
97.7300 3.50 22,700
97.1300 340 28,700
964100 330 35,900
95.5400 3.20 44,600
945200 310 54,800
93.3200 3.00 66,800
919200 290 80,800
903200 280 96,800
88.5000 270 115,000
86.5000 260 135,000
84.2000 250 158,000
81.6000 240 184,000
78.8000 230 212,000
75.8000 220 242,000
72.6000 210 274,000
69.2000 200 308,000
65.6000 1.90 344,000
61.8000 1.80 382,000
58.0000 170 420,000

540000 1.60 460,000





OEBPS/mana_9781440696954_oeb_118_r1.jpg





OEBPS/mana_9781440696954_oeb_141_r1.gif
YOU NEED
TO IMPROVE
YOUR METRIC.






OEBPS/mana_9781440696954_oeb_279_r1.gif





OEBPS/mana_9781440696954_oeb_183_r1.jpg





OEBPS/mana_9781440696954_oeb_019_r1.jpg





OEBPS/mana_9781440696954_oeb_078_r1.gif





OEBPS/mana_9781440696954_oeb_045_r1.gif
Process/CT
Improvement






OEBPS/mana_9781440696954_oeb_097_r1.gif





OEBPS/mana_9781440696954_oeb_240_r1.gif
e
Specil CuseAction Common CuseAcion
Tk e iatea DAL Pojct

“Camectihe P

improvehe rocess.






OEBPS/mana_9781440696954_oeb_234_r1.jpg





OEBPS/mana_9781440696954_oeb_080_r1.jpg





OEBPS/mana_9781440696954_oeb_068_r1.gif
o] @

o]
.
G ke

bEE @
&

oot Sronths Gmonhe g
o






OEBPS/mana_9781440696954_oeb_211_r1.gif
Estimated Regression Coeficients for Mean

Torm Coef
Constant 222222
Temperature 6833
Time 77083
Pressure oou7
Temperature*Temperature 33056
Time*Time 00556

Pressure*Pressure 122
Temperature*Time 2500
Temperature“pressure o167
Time*pressure 6667

SE Coef
o875z
os360
os360
os360
o789
17889
07889
07580
o758
07580

T
25390
aqa9
1382
oo
190
oon0
2483
o330
0550
0880

P
ogur
0009
osu7
o8t
o755
0606
o9

S=1si6 RSq=g87%

RSqad) = 96.5%






OEBPS/mana_9781440696954_oeb_163_r1.gif





OEBPS/mana_9781440696954_oeb_295_r1.gif
Yield % Sigma Defects per Million Opportunities
99.9997 6.00 34
99.9995 5.92 5
99.9992 581 3
99.9990 576 10
99.9980 5.61 20
99.9970 551 30
99.9960 544 40
99.9930 531 70
99.9900 522 100
99.9850 512 150
999770 5.00 230
99.9670 491 330
999520 480 480
999320 470 680





OEBPS/mana_9781440696954_oeb_228_r1.jpg





OEBPS/mana_9781440696954_oeb_272_r1.jpg





OEBPS/mana_9781440696954_oeb_140_r1.gif





OEBPS/mana_9781440696954_oeb_039_r1.gif
Iy
Performance Mean






OEBPS/mana_9781440696954_oeb_111_r1.gif
iy pinngo e |

DGty ot

Dt Opes






OEBPS/mana_9781440696954_oeb_243_r1.gif





OEBPS/mana_9781440696954_oeb_205_r1.jpg





OEBPS/mana_9781440696954_oeb_105_r1.gif
Measure Phase Road Map






OEBPS/mana_9781440696954_oeb_283_r1.gif





OEBPS/mana_9781440696954_oeb_002_r1.jpg





OEBPS/mana_9781440696954_oeb_266_r1.gif
Stategiclgment






OEBPS/mana_9781440696954_oeb_239_r1.jpg





OEBPS/mana_9781440696954_oeb_040_r1.gif
Performance Mean






OEBPS/mana_9781440696954_oeb_174_r1.jpg





OEBPS/mana_9781440696954_oeb_157_r1.gif
Pull Customer

. ﬁ* Order

3 pleces

Total C/T=2.5 minutes

75 minutes

150 seconds






OEBPS/mana_9781440696954_oeb_086_r1.gif
il
——

i

i o

Mo






OEBPS/mana_9781440696954_oeb_195_r1.gif
Grand Average =36.05

Booster Timer @ 1 sec =438
Ram Speed @ 8-Slow =318
Mold Temp-Back @ 90 4183

4434
Predicted Standard Dev. =3.03 (from ANOVA)





OEBPS/mana_9781440696954_oeb_034_r1.gif
e
e a0
i koo 45
Eereetiy

[+o>+c>+vo






OEBPS/mana_9781440696954_oeb_007_r1.jpg





OEBPS/mana_9781440696954_msr_cvi_r1.jpg
Lean Six Sigma

by Breakthrough Management Group
with Neil DeCarlo

ALPHA

Amermber of Penguin Group (USA) .





OEBPS/mana_9781440696954_oeb_013_r1.jpg





OEBPS/mana_9781440696954_oeb_277_r1.gif





OEBPS/mana_9781440696954_oeb_122_r1.jpg





OEBPS/mana_9781440696954_oeb_116_r1.gif
o A0k
i%’ii g?[ﬂg
TR ALK

FEdm
4

o kQ






OEBPS/mana_9781440696954_oeb_051_r1.gif
o
SixSigna
159630005

Loy | Susigm
s 9905
Womack Wiy
TopotaProducton | T0C-1950's
Spencis | oenig i
narstingo. | reigenbaum, Croy
Hass Producion sec
s920s
Shewnar

ErTyre—
oo






OEBPS/mana_9781440696954_oeb_168_r1.gif





OEBPS/mana_9781440696954_oeb_200_r1.jpg





OEBPS/mana_9781440696954_oeb_189_r1.gif





OEBPS/mana_9781440696954_oeb_261_r1.gif
Stategy

[ spuens

/

Performance
Excelence

Outcome
Sustined Poftabitty

R p—

Performance
Excellence
Focus.

improv Proceses

Design Proceses roducs

ccserate moton






OEBPS/mana_9781440696954_oeb_024_r1.jpg





OEBPS/mana_9781440696954_oeb_156_r1.gif
Work in Process.

Lead Time =
Completion Rate






OEBPS/mana_9781440696954_oeb_284_r1.jpg





OEBPS/mana_9781440696954_oeb_001_r1.jpg
Lean Six Sigma

by Breakthrough Management Group
with Neil DeCarlo

ALPHA

A member of Penguin Group (USA) Inc.





OEBPS/mana_9781440696954_oeb_123_r1.jpg





OEBPS/mana_9781440696954_oeb_255_r1.jpg





OEBPS/mana_9781440696954_oeb_100_r1.gif
Forcesfor Change Forces Against Change.

Customers Lossof
want new. st
products overtime

- suftighencs
st <
watscion v, imtosy

faise Upgrade Environmental.
v | e
output with now e

new technology
manufacturing

oot rising et
£
i

Total: 1.






OEBPS/mana_9781440696954_oeb_085_r1.gif





OEBPS/mana_9781440696954_oeb_179_r1.gif
Process Potential | ImpactonY Priority/
Step X | Gepeatcalls) | Evidence | action Plans
Joswer | Tmeto an Qpiion. | Specalsudy-
Gl Ansver oo Nodats | Callorps
weceve | Accom | peseacn | Qasampling | e
nformaton | Namber | high Callack| 7 Cals

Code wongsotuion| 155 67% | Feisecose
pobien | ofCodes | Repearcall |  Agreement

hosien ot | iwoTots | Revewor | Reviserr
Tot Gogged | ncomect | panaryTikes | Formatt
Frode W | epemcal [ s | ewsan
nsucions | folowp | for e Step® | Checsheet | forCoRs?






OEBPS/mana_9781440696954_oeb_117_r1.jpg





OEBPS/mana_9781440696954_oeb_249_r1.jpg





OEBPS/mana_9781440696954_oeb_052_r1.gif
Inputs * * Outputs.





OEBPS/mana_9781440696954_oeb_184_r1.gif





OEBPS/mana_9781440696954_oeb_278_r1.jpg
@
2

>,





OEBPS/mana_9781440696954_oeb_018_r1.jpg





OEBPS/mana_9781440696954_oeb_222_r1.jpg





OEBPS/mana_9781440696954_oeb_079_r1.gif





OEBPS/mana_9781440696954_oeb_046_r1.jpg





OEBPS/mana_9781440696954_oeb_128_r1.gif
Customer Demand






OEBPS/mana_9781440696954_oeb_151_r1.jpg





OEBPS/mana_9781440696954_oeb_134_r1.gif
dvidualValue

Moving Range

=707

sy

=827

Ult=2t.45.

=748

[






OEBPS/mana_9781440696954_oeb_289_r1.jpg





OEBPS/mana_9781440696954_oeb_216_r1.gif
f
5z H
HHEHEH

PotentialSolution £ E| S| & | critical Concems/Other
ChangeMollRowe | 5 | = | 2| 5|50 | towtmpact-justbot
Redseteters | 3 | 3 | 4| 4 | 4 | Logthgpron
Resssgnwork | 7 | 4 | 3 | | 48 | oeparnenaihanges
GutomerTaiing | 7| 5 | 5| 3|10 | Wesdta onstrueteCowse
CGRTinng S5 3 (3] [ ewertoram






OEBPS/mana_9781440696954_oeb_233_r1.gif





OEBPS/mana_9781440696954_oeb_029_r1.jpg





OEBPS/mana_9781440696954_oeb_063_r1.jpg





OEBPS/mana_9781440696954_oeb_250_r1.jpg





OEBPS/mana_9781440696954_oeb_139_r1.gif
suapky






OEBPS/mana_9781440696954_oeb_190_r1.gif
i1

RANRARDRRRNRAN]

222 o ol

[RSsmuRRAAY T






OEBPS/mana_9781440696954_oeb_145_r1.gif





OEBPS/mana_9781440696954_oeb_162_r1.gif





OEBPS/mana_9781440696954_oeb_227_r1.gif
cton Resuls

Responsivity | Act HNH]
Reomnendes | andComlt | Ten Elg it
Action®) Date i 3=

Vit | Wios | Usite

e || bna R

DAL | | M

o | St | s | § |8 |8 |24

et | St | s I
almr E|E
Forom - H
i, | |22 53 2
et g
Rl HE R

Mdwseortr | caion | seratio

‘voltage/current 6/8/o7 ‘software up- 3]s L4
graded 7/7/o7

oy rrea— ey .

Auto-ship with supplier | 9/2/o7 ‘system in-place 3| e
ot






OEBPS/mana_9781440696954_oeb_244_r1.gif





OEBPS/mana_9781440696954_oeb_074_r1.jpg





OEBPS/mana_9781440696954_oeb_091_r1.jpg





OEBPS/mana_9781440696954_oeb_057_r1.gif
Business. Customer

Low Defects. CTaQuality

Short CycleTime  CTo Delivery

Low Cost CTeprice






