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The first cave man to chip a spearhead for another started the age of manufacturing.  He must have demonstrated superior skills to the rest of his clan, and therefore became the first craftsman.  He may have banded together with other skilled spearhead-chippers.  Other cave men may have developed complementary skills, such as making the straightest shafts for those spears.  If they collaborated, they may have been responsible for the first assembly operation (Oog’s Spears and Arrows, Inc.)  

Manufacturing has evolved over time from an age of craftsmen, through mass production enterprises, to lean and agile enterprises.  Elements of the craft age still remain, and a very large segment of our manufacturing base in the United States still can be classified as mass production.  But as businesses become more competitive, and as costs escalate while customers demand more and more features or performance at reduced prices,  the only option for many is to evolve into a lean enterprise.


Manufacturing stayed within the realm of the craftsman for centuries, and in some specific cases, remains today.  Prior to 1780, all components and end items were custom built by highly skilled craftsmen.  This form of manufacturing was expensive and slow.  Anything requiring assembly began with the rough shaping of the component parts, then more detailed shaping (or fitting) to make sure the components fit together.  In the early automobile industry, teams of “fitters” worked the final assembly of an automobile, taking weeks or months to complete a single car.
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The First Industrial  Revolution
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During the final decades of the 18th century, the first industrial revolution began with the invention of three key technologies:  coal-fired furnaces to convert iron ore to finished metals, the steam engine, and steam driven machines.

Iron and steel have been vital materials for at least 3,000 years, but until this first industrial revolution, mining, smelting and working with iron was done by very small groups of people.  Forging steel was a skill reserved for only the finest craftsmen (such as sword smiths,) some spending decades as apprentices to the masters.   

The first iron works in the United States opened in 1646 in Lynn, Massachusetts. Other ironworks followed and began to produce pig iron for export to Great Britain, but the tonnage remained very low.  In 1723, the colonies exported only 23 tons of pig iron.  That figure jumped to over 5,000 tons in 1771, but at the dawn of the industrial revolution, and our own American 

Revolution in 1776, the colonies, rich with newly discovered deposits of iron ore and anthracite coal, were producing roughly 1/7th of the world’s supply of pig iron, or about 30,000 tons annually.  Coal-fired blast furnaces made possible production of this volume.  As the steam age expanded, the demand for iron exploded turning iron mills into major enterprises.  The new United States found itself the world leader as the demand for iron railroad tracks from 1830 to 1861 taxed the capacity of our mills.

The steam engine led to the production of high capacity machines that could run day and night processing raw materials and producing finished goods.  The Boston Manufacturing Company in 1814 opened the first factory in the United States to integrate steam-driven textile spinning and weaving machinery in the same building.  By the 1850’s, American companies were producing firearms, sewing machines, and agricultural equipment through the fabrication and assembly of standardized parts.  These parts still required skilled fitters (craftsmen) for final assembly but this formed the basis of how manufacturers make things today.  This system of assembling standardized parts became known as the American System of Manufacturing in the second half of the 19th century.

In 1856, the development of the “Bessemer” process for making steel, dramatically reduced the time, energy, and money required for this task.  Since steel lasts longer and is much harder than iron, it became the substance of choice for making railroad rails.  From 1864 to the end of the century, Bessemer converters produced millions of tons of steel rails as the nation expanded westward.  Steel mills ultimately exceeded 10 million tons annually and set the stage for a second industrial revolution.
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The Second Industrial Revolution
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In the last decades of the 19th century, three more technological advances fueled a second industrial revolution:  1) the completion of modern transportation and communications networks, 2) electricity, and 3) “the scientific method.”


The expanding steel market, driven by the demand of railroad networks, led to  more efficient production methods and to the discovery of new deposits of coal and iron ore, dramatically reducing prices.  In 1880, Andrew Carnegie’s companies could produce a ton of steel for about $67.  By the turn of the century, a ton of steel cost only $17.  Similarly, the discovery of new oil reserves and more efficient refining reduced the cost of producing a gallon of kerosene from 54 cents to less than ½ cent.  J.D. Rockefeller held a virtual monopoly in the oil extraction, refining, and distribution industries.  J.P. Morgan and Elbert Gary built the US Steel Corporation into the largest industrial enterprise on Earth.


The deployment of electrical power generation provided a much more flexible power source to businesses than steam.  Factories had relied on kerosene lamps for illumination for years.  Factories began converting to electricity and adding better illumination, which allowed for higher production rates both day and night.  Electricity provided the power behind exciting developments in chemistry and metallurgy, which were integrated into manufacturing operations.  Engineering emerged as a dominant skill for manufacturing companies as they began to apply the scientific method (controlled experimentation) to solving problems with products and processes.


Companies operated with high levels of capital equipment and relatively low levels of labor (high capital to labor ratio for you economists) which resulted in economies of scale and lower unit costs.  But sustaining those lower costs required operation of the equipment at near full capacity.  This strain on resources gave birth to the science of management and to mass production systems.  These developments were put to use in two new industries born from the desire of Americans to have more control over getting around.  As the railroads, the telegraph, the steamship, and long-distance cable networks brought more people together, the turn of the century witnessed the birth of the automobile industry and the aviation industry.  


Meanwhile in Asia, Sakichi Toyoda, an inventor who founded a company called the Toyoda Automatic Loom Works, was putting the finishing touches on an automated loom that would immediately stop if any of the threads it was handling broke.  This development allowed a single user to oversee several machines instead of just one.  It also significantly reduced the amount of defective material produced.  This is an early demonstration of important manufacturing capabilities for all industries.
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Mass Production Systems
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The automobile industry literally changed the face of America.  This single enterprise led to more technological innovations in manufacturing, metallurgy, electronics, oil refining, distribution systems, road construction, labor relations, and management practices than any other in the history of the world.  Until the dawn of the computer age, the automobile industry was the absolute technological driver for the United States.


Henry Ford began making cars in quantity in 1906, gradually increasing output to 10,607 cars in 1908.  In contrast, Daimler, working in the most integrated factory in Europe, with 1,700 workers, produced less than 1,000.  That year, Ford’s Model T cost $850 each, which was more money than his workers made in a year of hard labor.  Ford’s vision was to build a simple but durable car at the lowest possible cost, then pay his workers high enough wages to allow them to afford the very cars they built.  At the root of this vision was a core value that a corporation exists to serve society (Henry Ford, Today and Tomorrow).  


To accomplish his vision, Ford needed to do something dramatic and revolutionary. In 1908, there were 253 separate automakers, mostly in the United States.  While all the other automakers employed teams of fitters to custom shape the standard components to make them fit together, Ford decided to divide the labor involved among his entire workforce.  

In 1910, he built a new factory in Highland Park, Michigan and began work on a moving assembly line.  In 1913, the assembly line began operations.  It relied on each worker specializing in one small area of work, and bringing the work to the worker by moving the car from person to person on a moving conveyor belt.  This single innovation resulted in a 900% improvement in productivity over the craftsmen fitters.  In 1914, Ford began paying his workers $5 per day when the rest of the industry was paying $11 per week.  By 1916, Ford was making over 730,000 cars a year and selling them for $350 each.   The Government recognized the need for new roads and passed the Federal Aid Road Act in 1916, and the Federal Highway Act in 1921.


Several factors combined to enable this revolution in the auto industry, which essentially saved two other industries.  First, the price of steel was low thanks to the construction of the nation-wide railroad.  But the railroads were no longer expanding at the same rate as through the last part of the 1800’s.  A reduction in the demand for steel may have forced some steel mills to close, but now they had another primary customer, the auto industry.  The oil industry was about to fall victim to electricity until the automobile created the demand for a modified version of kerosene called gasoline.  The availability of cheap raw materials, a shortage of skilled labor, and the high demand for cars drove Ford to mechanize the manufacturing process.  This in turn drove the consolidation of the automobile industry so that those 253 independent auto makers of 1908 turned into 44 makers in 1929.  Of those, the big three (Ford, General Motors, and Chrysler) accounted for over 80% of new car sales in America.
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Aviation
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The early days of aviation weren’t quite as active.  This industry was born with the Wright brothers’ flight at Kitty Hawk, North Carolina in 1903, and their winning a government contract for Wright Flyers shortly thereafter.  Unlike cars, there wasn’t a huge public demand for flying machines, but the military recognized the significant capability of the airplane, and the government took steps to shore up the industry.  In 1915, the government created the National Advisory Committee on Aeronautics (NACA) to strengthen and regulate the industry.  


The aviation industry was characterized by a limited market and high research and development costs.  The NACA contracted for basic aviation-related research and then shared technical reports with the manufacturers, leading to dozens of improvements in materials, design, and construction of aircraft.   World War I failed to provide a consistent market for American airplanes since most of the aircraft that fought were of European design and manufacture.  

To create a realistic market for commercial airplanes, Congress passed the Kelly Air Mail Act in 1925.  This required the US Postal Service to contract with airplane manufacturers and operators to carry the mail coast to coast.  This provided the cash flow these companies needed to grow, without having paying passengers.   Today, virtually all major passenger airlines trace their roots to their contract carrier days.
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Management
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As mentioned earlier, the introduction of mass production systems required a focused, scientific approach to manage the resources involved in manufacturing.  The leader in this field was Alfred P. Sloan, who became president of General Motors in 1923 after serving as GM’s Vice President in charge of the Accessories Division.  General Motors was already a large and diverse company, having bought or otherwise consumed over 30 companies between 1908 and 1910, including 11 auto makers. 

Sloan took a very disciplined approach to management, centralizing control of policy making and coordination, and decentralizing control of operations.   He also applied lessons he 

learned in Accessories throughout his company, emphasizing styling in his automobiles above utting edge technology.  He cut costs and reduced prices focusing on profits rather than engineering.  This paid off as Americans grew tired of the plain black Ford’s and began buying GM cars for their variety in styles, colors, and optional extras.  

By 1927, GM and Sloan took the sales lead from Ford and retained it until 1986.  Sloan also gets credit for a technique that draws attention today in the computer industry: planned obsolescence.  He applied this principle to the cars GM built.  These cars were generally well built, but Sloan ordered subtle changes in styling every year or two, prompting the buying public to want a new car every few years.

Unfortunately, as the industry turned its focus on price and profit versus engineering and quality, automakers introduced few innovative technologies into new cars between the late 20’s and the 50’s (the automatic transmission and drop-frame construction being two notable exceptions.)   

In Japan, the Toyoda Automatic Loom Works, under the leadership of Kiichiro Toyoda, entered the automobile manufacturing business.  Kiichiro had earlier traveled to Highland Park to learn from Ford how to manufacture cars.  The Japanese market, though, was nothing like the American market, so Kiichiro set his mind to work on how to employ Ford’s practices to the small production volumes typical in Japan.  Ford and GM had been manufacturing cars in Japan as early as 1925, but after Toyoda had built 3 only passenger cars (in 1935,) the Japanese government prompted the company to focus on trucks instead.  In 1936, the winning entry in a national contest for design of a corporate logo changed the company name from Toyoda to Toyota.  The following year, the Toyota Motor Company became an independent entity and began construction of new facilities designed to manufacture 1,500 trucks and passenger cars a month.  This facility would become Toyota City, modeled after Ford’s  huge complex at River Rouge, Michigan.
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World War II
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The mass production lessons of the auto industry found their way into the defense industry largely through the Defense Plant Corporation, chartered by Congress in 1938 in response to the expansion of industrial output in Germany and Japan.  Both countries built new factories based on mass production concepts.  The Defense Plant Corporation expanded the industrial capacity of the United States through building and equipping new manufacturing facilities for military equipment.  Its charter also allowed for the expansion of existing facilities, and to enlist the assistance of public companies in doing so.

Mass production practices even found their way into shipbuilding, most notably at Kaiser Industries shipyard in Richmond, California.  During the latter months of World War II, Kaiser was producing Liberty Ships at the rate of one per day!  Ford converted its huge integrated 

manufacturing complex at River Rouge to produce B-24 bombers, which became the workhorse of the Army Air Corps in the war.  Here, workers produced a new bomber every hour!  By the end of the war, converted commercial plants, new, Government-Owned Contractor-Operated (GOCO) plants, and arsenals had significantly advanced the state-of-the-art in mass production facilities.
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The Post-War Years
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After the war, America was left with a tremendous manufacturing capacity, but no demand for military items.  Most commercial firms reverted back to producing consumer goods while most GOCO plants were closed or moth-balled.  The economy, however, was strong.  Americans had for four years been denied new cars, new appliances, and other durable goods.  This surge of pent-up demand was great news for American manufacturers, but started them down a hazardous road that would nearly shut them down in just a couple of decades.

In Japan, the focus after the war was on rebuilding.  Toyota rebuilt Toyota City, integrating many of its suppliers within the same manufacturing complex.   An industrial engineer named Taiichi Ohno, building on the manufacturing foundations that  Kiichiro Toyoda learned from Henry Ford, and taking advantage of the teachings of an American statistician named W. Edwards Deming, began working on a system where products were pulled through the manufacturing operations rather than pushed through.  Machines and workers would only make parts when the next operation needed them.  With this system, Toyota was able to greatly reduce its inventory and its associated costs.  This “pull” system, coupled with “just-in-time” deliveries from vendors formed the basis of what would become the Toyota Production System (TPS,) arguably the most efficient manufacturing system in the world.  In 1957, the first imported Toyota passenger car, the Toyopet, reached the shores of the United States.

Back home in the USA, the post war economy boomed.  Veterans coming home created such a demand for new items that it taxed the capacity of our commercial enterprises.  It also removed most of the focus on research and development of new military weapon systems, since companies could not afford to lose commercial business.  Congress, in an early effort to counter that trend, passed the Defense Production Act in 1950, establishing the Manufacturing Technology Program (ManTech).  ManTech was charged with encouraging defense contractors to develop and use innovative processes in manufacturing.   The Department of Defense (DoD) recognized the need to bear some of the risk for these innovations which may not otherwise be considered commercially prudent.  ManTech continues today to focus on defense-critical and defense-unique technologies which we will address shortly.

As the auto industry strained to meet demand, less attention was paid to quality.  By the mid-1960s the average car was delivered to customers with 24 significant defects, many safety related.  As a nation, the United States became more environmentally conscious, causing concern about the amount of pollutants emitted from the average automobile.  Again, the government intervened, this time passing emission laws in 1965 and 1970, and introducing strict safety standards in 1966.  In the early 1970’s, Americans found themselves waiting in long lines at gasoline stations thanks to the Arab oil embargo.  Congress responded in 1975 by passing laws requiring passenger cars to meet certain energy consumption requirements within specific time frames.  These new requirements added to the cost of producing a new car.  Car makers then had to  focus on cutting the cost of producing cars to maintain their profit margins.  This further degraded quality.

The 1970’s saw customer demand beginning to change from big, stylish, gas-guzzling cars to more fuel efficient cars.  The Volkswagen Beetle became the new Model T, selling thousands and thousands.  Right behind the VW, small, well-built, fuel-efficient, and cheap cars arrived in quantity from Japan (Toyota, Datsun, Honda, and Mazda.)  The “Big 3” started losing market share to these imports.  In 1978, 12.87 million American-made cars were sold in the United States.  By 1982, that figure dropped to 6.9 million while imports climbed from 17.7% to 27.9% of the US market.  This phenomenon was not limited to the automobile industry.  The quality of many American-made durable goods plummeted in this same time frame.  American icons fell as Japanese consumer electronics arrived on our shores cheaper, and better than the American versions.

For several years, American manufacturers seemed to just stand by in shock, wondering what happened to their market share.  Throughout the 1980s, though, we saw companies merging with and acquiring others.  The American auto industry underwent a “technical renaissance” finally learning that quality comes from building it in, not inspecting it in.  American firms began doing everything they could to learn how the Japanese made such good cars at such low prices.  

The defense industry likewise enjoyed a resurgence of spending under the Reagan Administration.  Unfortunately, spending peaked in 1986 to begin a steady decline.  The costs of new systems, especially ships and aircraft, skyrocketed leaving the DoD and the manufacturers scrambling to find ways to cut costs.  Massive cutbacks and restructuring followed the lead of the 1920’s and 1980’s auto industry.   In the midst of this consolidation, companies attempted to implement quality programs and employee involvement initiatives.  Many of these made remarkable progress, but still more became old hat “programs” that failed primarily because of the lack of trust between management and labor.  

Now let’s turn our attention to how firms are  responding to competitive pressures today.
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Today’s Environment
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Today, the DoD continues to fight the battle between capability and cost.  Today’s environment is characterized by declining budgets, global competition, consolidation of the defense industry, the increasing rate of change of technology, and strict environmental compliance requirements.  Many companies in the defense business suffer from poor return on investment and face military customers focusing on affordability of systems, rather than on “whatever it takes to get the performance we need.”
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The Technology Challenge
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Critical technologies for future defense manufacturing can be grouped into four technology areas:  1) Weapons System Platforms; 2) Weapons; 3) Technologies with Broad Applications, 

and 4) Manufacturing Processes.  These technologies are either critical to the needs of the DoD, or have unique defense applications, while the technology may not itself be unique.

1) Critical weapons system platform technologies include those for air, land, and sea systems.  The DoD is continuing to fund innovative design and processing technologies for composite materials and for electronics and missile launching systems operating at high g loads.  For surface and sub-surface sea combat vessels, critical technologies include designs that minimize weight and volume, and designs that reduce noise made by submarines.  On land, the DoD is working on armored systems that provide greater protection at less weight and affordable systems upgrades for weapons, suspension systems, and propulsion systems.  Because the DoD retains systems in its operating inventory for decades (in some cases,) upgrading is increasingly important.

2) Critical weapons technologies include those for expendable munitions, missiles and torpedoes, gun systems, and mobile systems.  Specific work is focused on technologies such as miniaturization of system components, use of composite materials, and low cost production processes.

3) Technologies with broad applications include low observability, or stealth, technology; sensors systems and components; electronics systems, which include miniaturization and increasing the structural durability and reliability of electronic components; and information systems.

4) Manufacturing processes and technologies considered critical are those which focus on production rate transparency, repair of parts made of composite materials; dimensional controls; and titanium processes, especially non-destructive inspection technology for castings and methods for coating titanium components.


The DoD is also concerned with overall process optimization above the plant floor.  Defense contractors need to be competitive with their commercial counterparts if they are to continue to provide affordable solutions for the department.


Affordability becomes a serious issue considering what’s at stake.  If the industry doesn’t make a fundamental shift toward more affordable systems, the DoD faces the prospect of making inadequate responses to military threats worldwide.  The industry itself will be rendered uncompetitive or will be forced to consolidate to the point of no competition.


Norm Augustine, the former CEO of Lockheed Martin forecast the costs of a new tactical fighter jet over the next hundred years or so.  His findings, which he presented as his 9th Law, show that the cost of a single fighter, given current spending rates, would consume the entire defense budget by the year 2054.  He went on to joke about the use of this aircraft, saying the Air Force and Navy will share the aircraft for 3 ½ days each per week, except for leap years, when for the extra day, the Marine Corps will be allowed to fly it.  While it makes for a funny story, the numbers behind it are true.  Meanwhile, under that scenario, we’re burning all of our R and D money on producing one airplane, and missing out on opportunities in other areas such as in land, sea, and space systems.
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Meeting the Challenge
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There have been a number of advances in commercial manufacturing that may help us meet our technological demands within our budget constraints.  These advances include production technologies and business practices such as:

1) Manufacturing accounting practices following activity-based costing (ABC) principles or those based on Cost As an Independent Variable (CAIV)

2) Life-cycle Product Design techniques, using Integrated Product and Process Development (IPPD), modeling and simulation, and rapid or virtual prototyping

3) Environmentally friendly, or “Green” Manufacturing Technologies, focusing on materials, cleaning systems, coatings, and storage and disposal of hazardous materials

4) Information Technologies, such as electronic commerce, distance learning, and virtual collaboration

5) Manufacturing Processes, such as numerically controlled machines, flexible manufacturing systems,  and cutting edge processes for making embedded sensors and micro-electromechanical systems (MEMS)

6) Business Organizations such as strategic partnerships, teaming arrangements, virtual enterprises joined together for a specific purpose, learning or Knowledge-based enterprises, and finally, lean or agile enterprises.

In 1990, the International Motor Vehicle Program, headed by MIT professor Dr. James Womack, published the results of their study of the automobile industry in a book called “The Machine That Changed the World.”  After conducting surveys and site visits of every major automobile manufacturer in the United States, Europe, and Japan, they found that the company with the most consistent productivity rates and fewest defects was Toyota.   In this book, the authors first used the term “lean” in describing Toyota.  
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Lean Enterprise
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Lean is a people-oriented business philosophy that focuses on continuously enhancing the value of a product or service, and on eliminating waste from the processes involved in producing those products and services.  Lean relies heavily on two over-arching principles:  Waste minimization and Responsiveness to Change [Lean Aerospace Initiative’s Lean Enterprise Model.]  But to be truly lean, companies also must focus on a new respect for people.   

For years, workers on the shop floor have been considered little more than arms and legs, which, given the right technology, could be replaced by machines.  To be lean means to understand that the true source of competitive power in a business is in its people.  Those people 

are responsible for generating the ideas for new products or services and for improving existing processes.  To supplement the Lean Enterprise Model, we should change the overarching principles to waste elimination and respect for people.  Since waste remains a key, let’s explore what waste in a manufacturing environment really is.

When we talk about waste in manufacturing processes, we are talking generally about eight things:  



1) The waste of over-production is when manufacturers produce more of an item than it has orders for.  In this case, rather than producing to fill orders, they produce to fill shelves.  This is wasteful because of the expense involved in carrying inventory, and in the lost use of the machinery and raw materials that should have been producing other products for which the company had valid orders.  



2) The second waste is having more inventory than the absolute minimum.  This is wasteful because inventory hides problems and because, as mentioned in the previous paragraph, someone pays for holding excess inventory.  The cost argument is very effective, but the other argument, that involving hiding problems, is much more significant.  When problems are covered, they can’t be properly identified or solved.  The result is that the same problem, which may result in defective products, occurs over and over, with each incident requiring corrective action that pulls resources away from the primary task.



3) Transportation waste includes any unnecessary shipping or handling of materials.  Until we develop real-life “replicators” of “Star Trek” fame, we will have to resort to some transportation of materials (or acceptable levels of this waste).  The issue here is with excessive movement of materials, particularly within the facility itself.  Lean companies receive shipments from vendors just in time to deliver them to the precise manufacturing operation that needs the materials.  They don’t waste time with moving the goods to stores before releasing them to the shop floor.



4) Similar to transportation is the waste of motion.  This refers to unnecessary movement by employees in the performance of their work.  Lean companies have reorganized work areas so that the machine operators can perform all their tasks within nearly an arms reach.



5) Perhaps the biggest and most obvious waste is that of waiting.  In this instance, waiting refers to idleness of people and of materials.  In traditional batch and queue manufacturing, most of the products have to wait for processing until an entire lot is run.  If we can minimize the waiting, we can minimize the production cycle time, which will save money and result in more efficient production.



6) Any defect in products or services is wasteful.  Not only have the materials and labor been wasted, but additional resources are required to repair, rework, or otherwise dispose of the products a company can’t sell to customers.



7) The last of the wastes on the “official” Japanese list of The Seven Wastes [Ohno] is over-processing of parts or components.  This includes any unnecessary finish work or coating or similar processing.  Over-processing wastes valuable production time by having machines tied up performing this unnecessary activity.



8) The eighth category of waste is the failure to use or to harness the creativity of the workers.  Many companies trying to implement lean focus on the previous seven wastes and ignore this, the most vital one.  Without an enthusiastic and empowered workforce that comes to work each day trying to figure out how to make their jobs easier or better, the best a company can hope for is short term gains in productivity.  No one knows how to perform a particular task better than the worker doing the job.  Who better to suggest ways to improve it?

Targeting and eliminating these sources of waste yields many benefits.  The original philosophy of Just-In-Time production started out of a need to eliminate waste.  Jim Womack and Dan Jones in Lean Thinking : Banish Waste and Create Wealth in Your Corporation list some of the potential benefits as 90 % reductions in throughput times, inventory levels, and defects.  They recorded companies introducing new products to the market place in about half the time of their competitors.  With the reductions in times, inventories, and defects, total costs can be cut in half.  What is even more significant is the resulting increase in customer satisfaction. 


So what are companies doing to achieve these kinds of dramatic results?  First, they gain an understanding of what lean is.  Then they build plans to implement some of the tools associated with lean, and execute those plans.  Finally, they work to sustain their efforts for the long term.


An effort to gain understanding usually begins with a grasp of the fundamental principles.  There are five principles of lean:  Value, Value Stream, Flow, Pull, and Perfection.

[image: image23.png]



Value
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Adding value is producing the right product or providing the right service to a customer, at the right time and at the right price.  It is important to remember that the customer determines what “right” is in all these cases.

One of the tools companies use to help them with their customer focus is called Quality Function Deployment, or QFD.  QFD allows them to translate customer requirements into technical characteristics, then into component characteristics, process characteristics, and finally into actual production requirements.  The arrangement of the different elements along with a competitive assessment and correlation matrix looks a little like a house, so this technique is often called “the House of Quality.”  See the illustration.
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This figure shows the first iteration of a QFD “Cascade.”  This one translates customer requirements (the “What’s” – as in “what the customer wants”) such as “I want the door to stay open when I’m parked on a hill and getting in or out,” into technical characteristics (the “How’s” – as in “how we do it”) such as “check-force on 10-degree slope.”  In the next iteration of the cascade, the technical characteristics become the customer requirements, which get translated into key product characteristics.  These are the features of the design which most influence performance, supportability, and cost.  They may also be called “drivers.”  

Subsequent iterations continue to convert the “how’s” of one house into the “what’s” of the next so at the end they have identified not only the key product characteristics, but also the key process characteristics, and the actual production requirements to manufacture the item.  Key process characteristics determine which production processes best match the product requirement (or the key product characteristics).  These key characteristics provide the focus for product improvement, which can be realized by reducing the variation in the manufacturing processes.  In other words, to improve quality, companies must strive to make perfect duplicates of the original design.  That in itself is a tremendous challenge, but goes right to the heart of value.  Paraphrasing Dr. Deming in Out of the Crisis, producing quality goods and services results in lower costs, higher productivity, increased market share and customer loyalty, higher revenues, better wages, less unemployment, and satisfaction for everyone involved.  
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Value Stream
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The second lean principle is Value Stream.  The Value Stream consists of the sequence of activities required to design, develop, manufacture, and sustain a specific product for customers.   Lean Thinking identifies three separate value streams for each product.

The “concept-to-launch” value stream refers to all the steps required from the identification of the problem (or threat in the case of the Department of Defense,) through the decision to pursue a material solution, through the design of that solution, and testing, or launching a prototype.  This is often referred to as the Problem-Solving Loop.

The “order-to-delivery” value stream refers to all the steps required in taking customer orders for products, ordering materials to make the products, translating the customer orders and material deliveries into the production schedule, tracking customer orders to delivery, and the payment cycle.  This is often called the Information Management Loop.

The “raw materials-to-customer” value stream refers to all the steps required in the fabrication, assembly, and testing of the product.  This is often called the Physical Transformation Loop. 

One of the earliest requirements for lean implementation is to map the value streams for your enterprise.  This will help companies gain a deeper understanding of their current state and allow them to plan their implementation activities.  Once all the steps are identified, companies can critically assess the value added at each.  If a step doesn’t add value, try to reduce it or eliminate it.
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Flow
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The third principle of lean is flow.  Flow is the progressive achievement of tasks along the value stream with no stoppages, scrap, or backflows.  Various tools are available for implementing flow in a manufacturing process.

One-piece flow simply means that a single unit is produced on demand and it flows through all processes required without stopping.  This is a significant departure from mass production, which produces by batch or lot.

Setup reduction refers to the functions involved in changing a machine’s settings and tooling to produce a different product.  Usually, a high percentage of machine down-time (when the machine is not producing products) can be traced to time spent setting the machine up.  Reducing that amount of time will provide increased productivity. 

Standardized work is a way to present work instructions to the factory floor that reflect how the work is actually performed, not how it is designed to be performed.  Standardized work relies heavily on team member participation in the preparation of the instructions.  The general philosophy behind this concept is that everyone on the factory floor is an industrial engineer; if not by education, then by practical experience.

Andon boards are visual control devices in a production area, typically a lighted overhead display, giving the current status of the production system and alerting team members  and leaders to emerging problems.  The Andon board may be activated by a cord, which may run parallel to  a manufacturing cell and is used by the line workers to notify the team and its leaders of a potential problem.  It works like the cord on a bus that riders pull to let the driver know they want to get off at the next stop.  This empowers employees to actually stop the entire assembly line in order to fix the problem.

One final lean practice for flow is cellular manufacturing.  In mass production, machines are generally laid out in the factory in a departmental configuration (i.e. all the lathes are together, all the mills are together, etc.)  To manufacture a component that required different machining operations, planners had to route each production lot through the factory where there might be millions or even billions of potential flow paths.

 

Cellular manufacturing seeks to group different machines together into manufacturing cells that will then produce a limited family of parts.  Instead of routing the parts through the factory, manufacturers could now produce all of any particular part or family of parts, in a single cell, reducing travel time and distance, reducing waiting time, and enabling one-piece flow through that cell. 
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Pull
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The fourth principle of lean is pull.  A pull system is one in which nothing is produced by the supplier until the customer signals a need, or literally pulls the product through the value stream.  In many cases, we refer to that signal as a kanban.

A kanban is a visible record or signaling system used to control the flow of production through a factory.  As illustrated in the graphic, there are replenishment kanbans, which notify “feeder” processes of the need to replenish a buffer stock, and production kanbans, which release a process to produce another unit.  Kanbans can be signal cards, shipping boxes, material carts, or even markings on the floor.  When one is empty, that’s the visual signal that says “fill it up.”
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Perfection
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The last principle of lean is perfection. Perfection is the state at which all activities along a value stream create or add value (no waste).  The best application of perfection is in long-term or strategic planning.  No manufacturer is likely to reach a state of perfection, but thinking about perfection provides an excellent goal-setting environment.  The tools and concepts that help us toward our perfection goals focus on making problems or potential problems visible and include reducing inventory, housekeeping, and mistake proofing processes.

As mentioned earlier, inventory in excess of the absolute minimum hides problems that manufacturers may experience in design, production, and delivery operations.  The ability to reach into the inventory pile whenever the line pauses makes invisible those problems like machine downtime; vendor delinquencies; design, decision, and inspection backlogs; and excess work-in-process.  Reducing inventory also frees up money that can be used to invest in capital equipment, facilities, or people.

A popular housekeeping tool originally devised by the Japanese is called simply “5S.”  When work areas are clean and everything has a place and is in its place, problems become more evident.  The five S’s stand for Seiri, Seiton, Seiso,  Seiketsu, and  Shitzuke.  Various American/English translations are available for these words and still retain the 5S framework.

Seiri (organization) means to sort and scrap.  Here, team members identify what’s necessary in the workplace then separate the necessary from the unnecessary.

Seiton (neatness) means to straighten, or to create a place for everything, and make sure everything is in its place.

Seiso (cleaning) means to scrub or to shine.  Clean work areas support visual control.  If something’s dirty, that may serve as a visual indication of a problem.

Seiketsu (standardization) means to standardize or spread and maintain.  That is, document everything and then make a habit out of the housekeeping chores in the work area.

Finally, Shitzuke (discipline) means to systematize and sustain these practices and always conform to the rules.  Follow-through with detected problems.
Poka Yoke is the Japanese phrase for “mistake proof”.  Poka yoke devices then, are those that prevent workers from making mistakes in the production of goods.  They can be as simple as filter systems that automatically identify defective machined parts, or as complex as electronically linked components bins that prevent the worker from putting the wrong part on the product. 
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Lean in the Defense Department
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Within the Department of Defense, the Air Force has taken the lead with implementing Lean in the Aerospace industry.   With aircraft unit costs escalating, the Air Force contacted the International Motor Vehicle Program and asked if lean principles would work for aircraft manufacture.  When the answer turned out to be “Yes,” the U.S. Air Force initiated funding for a research program similar to the IMVP, but focused on military aircraft for the Department of Defense calling it the Lean Aircraft Initiative (LAI.)  In 1995, the space sector of the industry was included in the LAI consortium, and the program was renamed the Lean Aerospace Initiative (yes, still LAI.)  Now based at MIT, the Lean Aerospace Initiative spans four major sectors of the industry -- airframes, space, propulsion, and avionics/missiles -- as well as key government agencies, leading unions, and other relevant stakeholder organizations.

LAI now provides a system-wide framework and the necessary knowledge to help businesses reinvigorate the workplace and reinvest in America. Its long-term vision is to deliver military aerospace products at significantly reduced costs and cycle time while meeting or exceeding performance expectations and enhancing the effectiveness of our national workforce.  The consortium supports research, education, implementation experiments, policy recommendations, and products, including a Lean Implementation Fieldbook (available during the summer of 2000) and companion products such as the Lean Enterprise Model (LEM) and the Transition to Lean (TTL) Roadmaps -- all of which are available at the LAI website (http://www.mit.edu/lean.)
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Conclusion
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Manufacturing continues to evolve.  Customers drive most of the evolution by demanding particular features, or perceiving a level of quality associated with a manufacturing process.  For that reason, we still see craft manufacturing for products like Longaberger Baskets.    With the popularity explosion of the Internet, and the capabilities associated with it, customers are demanding more customized products.  As companies stretch out to reach these choosy customers, they’re developing more and more agile processes.  Agile implies that a company can take a customer’s special order for a product, charge the customer’s credit card, then order the parts required to create the customer’s ordered product, build it and deliver it in a short enough time to still satisfy the customer.  Toyota has recently unveiled plans to build custom-ordered cars in the United States with a promised delivery of five days.   

Who knows what the future holds.  But as long as companies continue to respect the workers, and as long as workers want to improve the work they are doing, we can continue to make progress.  You see, the worker is the key.  Companies can implement all the tools described here and still flop if they don’t take advantage of the intelligence of their workforce.
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