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	MODULE A – HISTORY OF AUTOMOTIVE MANUFACTURING

	MODULE DESCRIPTION:  This module provides the students with a background of automotive manufacturing including some of the key historical eras, and major concepts that have helped shape automotive manufacturing in its present form. 
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· Eras 
· Craft production http://inventors.about.com/library/weekly/aacarssteama.htm
· First self propelled vehicle (1769) In 1769, the very first self-propelled road vehicle was a military tractor invented by French engineer and mechanic, Nicolas Joseph Cugnot (1725 - 1804). Cugnot used a steam engine to power his vehicle, built under his instructions at the Paris Arsenal by mechanic Brezin. It was used by the French Army to haul artillery at a whopping speed of 2 1/2 mph on only three wheels. The vehicle had to stop every ten to fifteen minutes to build up steam power. The steam engine and boiler were separate from the rest of the vehicle and placed in the front (see engraving above). The following year (1770), Cugnot built a steam-powered tricycle that carried four passengers. 

· Steam engines (1769 -1883) After Cugnot Several Other Inventors Designed Steam-Powered Road Vehicles 

· Cugnot’s vehicle was improved by Frenchman, Onesiphore Pecqueur, who also invented the first differential gear. 

· In 1789, the first U.S. patent for a steam-powered land vehicle was granted to Oliver Evans. 

· In 1801, Richard Trevithick built a road carriage powered by steam - the first in Great Britain.  

· In Britain, from 1820 to 1840, steam-powered stagecoaches were in regular service. These were later banned from public roads and Britain's railroad system developed as a result. 

· Steam-driven road tractors (built by Charles Deitz) pulled passenger carriages around Paris and Bordeaux up to 1850.  

· In the United States, numerous steam coaches were built from 1860 to 1880. Inventors included: Harrison Dyer, Joseph Dixon, Rufus Porter, and William T. James. 

· Amedee Bollee Sr. built advanced steam cars from 1873 to 1883. The "La Mancelle" built in 1878, had a front-mounted engine, shaft drive to the differential, chain drive to the rear wheels, steering wheel on a vertical shaft and driver's seat behind the engine. The boiler was carried behind the passenger compartment. 

· In 1871, Dr. J. W. Carhart, professor of physics at Wisconsin State University, and the J. I. Case Company built a working steam car that won a 200-mile race. 
· Early Electric Cars 

· Steam engines were not the only engines used in early automobiles. Vehicles with electrical engines were also invented. Between 1832 and 1839 (the exact year is uncertain), Robert Anderson of Scotland invented the first electric carriage. Electric cars used rechargeable batteries that powered a small electric motor. The vehicles were heavy, slow, expensive, and needed to stop for recharging frequently. Both steam and electric road vehicles were abandoned in favor of gas-powered vehicles. Electricity found greater success in tramways and streetcars, where a constant supply of electricity was possible.

http://inventors.about.com/library/weekly/aacarsgasa.htm
· Internal Combustion engine (1807) History of the Internal Combustion Engine - The Heart of the Automobile 
An internal combustion engine is any engine that uses the explosive combustion of fuel to push a piston within a cylinder - the piston's movement turns a crankshaft that then turns the car wheels via a chain or a drive shaft. The different types of fuel commonly used for car combustion engines are gasoline (or petrol), diesel, and kerosene. 

· 1680 - Dutch physicist, Christian Huygens designed (but never built) an internal combustion engine that was to be fueled with gunpowder. 

· 1807 - Francois Isaac de Rivaz of Switzerland invented an internal combustion engine that used a mixture of hydrogen and oxygen for fuel. Rivaz designed a car for his engine - the first internal combustion powered automobile. However, his was a very unsuccessful design.  

· 1824 - English engineer, Samuel Brown adapted an old Newcomen steam engine to burn gas, and he used it to briefly power a vehicle up Shooter's Hill in London.  

· 1858 - Belgian-born engineer, Jean Joseph Étienne Lenoir invented and patented (1860) a double-acting, electric spark-ignition internal combustion engine fueled by coal gas. In 1863, Lenoir attached an improved engine (using petroleum and a primitive carburetor) to a three-wheeled wagon that managed to complete an historic fifty-mile road trip. (See image at top) 

· 1862 - Alphonse Beau de Rochas, a French civil engineer, patented but did not build a four-stroke engine (French patent #52,593, January 16, 1862). 

· 1864 - Austrian engineer, Siegfried Marcus*, built a one-cylinder engine with a crude carburetor, and attached his engine to a cart for a rocky 500-foot drive. Several years later, Marcus designed a vehicle that briefly ran at 10 mph that a few historians have considered as the forerunner of the modern automobile by being the world's first gasoline-powered vehicle (however, read conflicting notes below).  

· 1873 - George Brayton, an American engineer, developed an unsuccessful two-stroke kerosene engine (it used two external pumping cylinders). However, it was considered the first safe and practical oil engine.  

· 1866 - German engineers, Eugen Langen and Nikolaus August Otto improved on Lenoir's and de Rochas' designs and invented a more efficient gas engine. 

· 1876 - Nikolaus August Otto invented and later patented a successful four-stroke engine, known as the "Otto cycle". 

· 1876 - The first successful two-stroke engine was invented by Sir Dougald Clerk. 

· 1883 - French engineer, Edouard Delamare-Debouteville, built a single-cylinder four-stroke engine that ran on stove gas. It is not certain if he did indeed build a car, however, Delamare-Debouteville's designs were very advanced for the time - ahead of both Daimler and Benz in some ways at least on paper. 

· 1885 - Gottlieb Daimler invented what is often recognized as the prototype of the modern gas engine - with a vertical cylinder, and with gasoline injected through a carburetor (patented in 1887). Daimler first built a two-wheeled vehicle the "Reitwagen" (Riding Carriage) with this engine and a year later built the world's first four-wheeled motor vehicle. 

· 1886 - On January 29, Karl Benz received the first patent (DRP No. 37435) for a gas-fueled car. 

· 1889 - Daimler built an improved four-stroke engine with mushroom-shaped valves and two V-slant cylinders. 

· 1890 - Wilhelm Maybach built the first four-cylinder, four-stroke engine.  

· Early car manufacturers http://inventors.about.com/library/inventors/blDuryea.htm
· Panhard and Levassor (1889) were the first builders of an entire motor vehicle for sale.  (Not just engine inventors who experimented with car design.) 1891 Panhard-Levassor vehicle with front engine 

· Rene Panhard and Emile Levassor were partners in a woodworking machinery business, when they decided to become car manufacturers. They built their first car in 1890 using a Daimler engine. The team were commissioned by Edouard Sarazin, who held the license rights to the Daimler patent for France. (Licensing a patent means that you pay a fee and then you have the right to build and use someone's invention for profit - in this case Sarazin had the the right to build and sell Daimler engines in France.) The partners not only manufactured cars, they made improvements to the automotive body design. 

· Panhard-Levassor made vehicles that had a pedal-operated clutch, a chain transmission leading to a change-speed gear box, and a front radiator. Levassor was the first designer to move the engine to the front of the car and use a rear-wheel drive layout. This design was known as the Systeme Panhard and quickly became the standard for all cars because it gave a better balance and improved steering. Panhard and Levassor are also credited with the invention of the modern transmission - installed in their 1895 Panhard. 

· Panhard and Levassor also shared the licensing rights to Daimler motors with Armand Peugot. A Peugot car went on to win the first car race held in France, which gained Peugot publicty and boosted car sales. Ironically, the "Paris to Marseille" race of 1897 resulted in a fatal auto accident, killing Emile Levassor. 

· Benz Velo was the first to build standardized cars. (1894)  134 identical Velos were manufactured in 1895.

· Charles and Frank Duryea were the first American gas powered commercial car manufacturers. 

· America's first gasoline powered commercial car manufacturers were two brothers, Charles Duryea (1861-1938) and Frank Duryea. The brothers were bicycle makers who became interested in gasoline engines and automobiles.  On September 20 1893, their first automobile was constructed and successfully tested on the public streets of Springfield, Massachusetts. Charles Duryea founded the Duryea Motor Wagon Company in 1896, the first company to manufacture and sell gasoline powered vehicles. By 1896, the company had sold thirteen cars of the model Duryea, an expensive limousine, which remained in production into the 1920s.
· Mass production

· North American manufacturing

http://inventors.about.com/library/weekly/aacarsassemblya.htm
· Ransome Eli Olds 
The first automobile to be mass produced in the United States was the 1901, Curved Dash Oldsmobile, built by the American car manufacturer Ransome Eli Olds (1864-1950). Olds invented the basic concept of the assembly line and started the Detroit area automobile industry. He first began making steam and gasoline engines with his father, Pliny Fisk Olds, in Lansing, Michigan in 1885. Olds designed his first steam-powered car in 1887. In 1899, with a growing experience of gasoline engines, Olds moved to Detroit to start the Olds Motor Works, and produce low-priced cars. He produced 425 "Curved Dash Olds" in 1901, and was America's leading auto manufacturer from 1901 to 1904. 
· Ransom E. Olds created the assembly line in 1901, although most credit Henry Ford, whose contribution was to refine the process and perfect the standardization of components. This new approach to putting together automobiles enabled him to more than quadruple his factory’s output, from 425 cars in 1901 to 2,500 in 1902.
· Henry Ford 
American car manufacturer, Henry Ford (1863-1947) invented an improved assembly line and installed the first conveyor belt-based assembly line in his car factory in Ford's Highland Park, Michigan plant, around 1913-14. The assembly line reduced production costs for cars by reducing assembly time. Ford's famous Model T was assembled in ninety-three minutes. Ford made his first car, called the "Quadricycle," in June, 1896. However, success came after he formed the Ford Motor Company in 1903. This was the third car manufacturing company formed to produce the cars he designed. He introduced the Model T in 1908 and it was a success. After installing the moving assembly lines in his factory in 1913, Ford became the world's biggest car manufacturer. By 1927, 15 million Model Ts had been manufactured. 

· Another victory won by Henry Ford was patent battle with George B. Selden. Selden, who had never built an automobile, held a patent on a "road engine", on that basis Selden was paid royalties by all American car manufacturers. Ford overturned Selden's patent and opened the American car market for the building of inexpensive cars. (Learn more about Henry Ford) 

· Henry Ford invented an improved assembly line and installed the first conveyor belt-based assembly line. 
· Although Henry Ford is often credited with the idea, contemporary sources indicate that the concept and its development came from employees Clarence Avery, Peter E. Martin, Charles E. Sorensen, and C.H. Wills.   

· The assembly line reduced production costs by reducing time.

· The model T was assembled in 93 minutes.

http://www.autonews.com/files/euroauto/inductees/citroen.htm
· Early European manufacturing

· André Citroen, the company's founder, was first and foremost an entrepreneur and a marketing man who had a magic understanding of public taste for 15 years of heady growth.

· Citroen did not enjoy engineering like other early company founders. While his great rival Louis Renault fiddled with engines, Citroen gambled huge sums at baccarat in casinos.

· He was born in 1878 to a family of gem merchants, and at age 22  Polytechnique, France's most prestigious engineering school.

· His first job was with a gear-making company owned by family friends, and he borrowed the idea of a double helical gearing when he chose a double arrow, or chevron, as the symbol for his cars.

· When he was invited to the board of the car builder Automobiles Mors in 1908, Citroen joined the car industry. Mors made its cars in a cramped workshop, on different floors, with machine tools grouped together according to their type.

· In1912, Citroen visited America and Henry Ford's new Rouge River plant in Detroit, where the mass production of Model T cars was getting more and more efficient.

· He saw the clear advantage of mass production in vast, well-lit halls, on a single floor. Three years later he got to apply those principles, making shells for France in World War One.

· At the end of the war, Citroen turned his arms factory into his car company and in 1919 his first small, inexpensive car arrived. A year later he made 20,000 cars, more than Peugeot and Renault put together.


http://www.autozine.org/Manufacturer/France.htm
· The first model was Type A, in 1919, which is considered to be the first mass production car in Europe.

· By1929, Citroen became the world’s second largest car maker. This is partly because of innovative technology, such as the all steel monocoque body in place of the popular wood / steel sheet lamination, then came the front-wheel-drive. Another important contribution is the way he did the business - he treated car making is not only selling a good but also services. Therefore a credit company was set up to help customers financing the purchase, a dealer / service network was established to enhance marketing as well as after sales services. He also introduced the first 1-year warranty.


http://www.autozine.org/Manufacturer/France.htm
· The Renault story started in 1898 by Louis Renault, whose brother Fernand and Marcel gave financial support. Renault founded the company bearing his name that year and made 6 cars - in the age before mass production was invented, cars were built slowly by craftsmen. Production rose to 179 cars in 1900 and then jumped to nearly 1200 units 5 years later, thanks to a contract for supplying Paris taxis. 
· Having visited Henry Ford in America and saw the expansion of arch-rival Citroen, Louis Renault applied mass production method to his factory in the early 20’s. As a result, production surged to 25,000 cars in 1924. Renault became one of the major car makers in the world.
· Unlike Citroen, Renault built a large range of models, from small cars to luxury cars, also vans, trucks and even tanks. During both World Wars, like many other car makers, it was transformed to be an arsenal producing military vehicles and aircraft engines. In the WW II, it was occupied by German forces (so was the whole France !) and supplied German army. As a result, after the war, Louis Renault was found guilty and was sentenced. Just 20 days later, he died. 
· Therefore the company was confiscated and nationalized. The Government-appointed new boss continued expanding the factory and introducing new cars, also eliminated the wide-range policy in pre-war era. The sole mass production model became 4CV, which was a small car produced for some 15 years, from 1947 to 1961. It was succeeded by Renault 4, which helped production rose to 500,000 in 1963. Another successful model, Renault 5, was launched in 1972, then R9 (1982) and Clio (1991). 
· Asian manufacturing

· Japanese

http://www.jama.org/about/industry.htm
· In 1917 the Mitsubishi Model A was Japan’s first series production automobile.  It was not mass produced and thus too expensive compared to mass produced American and European rivals.

· In 1925 Ford Motors Japan was established and was the first to begin mass production of automobiles in Japan.

· General Motors followed suit in 1927.  GM Japan was established and production ensued.

· The Automobile Manufacturing Industries Act of 1936 stifled the monopolization of the automobile market by American manufacturers by fostering domestic mass production motor vehicles.  In 1939 the American automobile manufacturers withdrew from Japan.

· The first companies operating under this law were Toyota and Nissan.

· The Automobile Manufacturing Industries Act positioned the automobile industry in a key role in the war effort, and the ministry of war soon after classified motor vehicle manufacturing as a munitions industry.  This was the first step in a controlled economy which placed everything from production to sales, including materials, labor, and capital under government control.

· In 1955, Suzuki, Fuji, and Mitsubishi all began production of vehicles in response to the Ministry of International Trade and Industry’s proposal for a “People’s Car.”

· In pursuit of improved mass production and cost reduction, manufacturers built factories exclusively for the manufacture of passenger cars, because the previous approach, where both trucks and passenger cars were assembled in the same facilities, had reached the limit of its capabilities.

· At this same time, each company began to clearly, consistently apply the approach to managing manufacturing resources that is known today as “just in time” manufacturing.  

http://www3.u-toyama.ac.jp/cfes/FES4/2005LEE.PDF (page 8-11)
· Korean 

· Korea’s automobile history began in August 1955, when Choi Mu-seong, a Korean auto mechanic, and three of his brothers, mounted an engine on a modified US Army Jeep to manufacture its first car, called the "Sibal".
· In 1960, Sinjin Automobiles (the predecessor of Daewoo Motors) launched Sinjin Publica under a technical licensing agreement with Toyota. In order to develop the automobile industry, the Korean government announced the "Automobile Industry Promotion Policy" in 1962, and The Automobile Industry Protection Act to protect the infant industry. Foreign automakers were barred from operating in Korea, except in joint ventures with local business entities. The government's efforts led to companies that were established in other businesses entering the industry, and the formation of new startups.

· Three companies were established in 1962:

· Kyeongseong Precision Industry, which changed its name to “Kia Industry”, and started assembling cars in cooperation with Mazda in 1964;

· Ha Dong-hwan Automobile Industry Co. (the predecessor of SsangYong Motor Company;

· Saenara Automobile, established with the technical cooperation of Nissan Motor Co.; it was the first automaker in Korea that was equipped with modern assembly facilities.

· The Asis Motors Company was established in 1965, and the Hyundai Motor Company in 1968 with the technical cooperation of the Ford Motor Company.  

· However, all of these companies were then merely automotive assemblers, importing parts from overseas partners.

· Modern production methods

· Toyota production system

http://www.toyota.co.jp/en/vision/production_system/origin.html
· The Toyota Production System, which is steeped in the philosophy of the complete elimination of all waste and imbues all aspects of production with this philosophy in pursuit of the most efficient production method, traces its roots to Sakichi Toyoda's automatic loom. The TPS has evolved through many years of trial and error to improve efficiency based on the Just-in-Time concept developed by Kiichiro Toyoda, the founder (and second president) of Toyota Motor Corporation.
Central to the TPS is the philosophy of "the complete elimination of all waste."
Waste can manifest as inventory in some cases, processing steps in other cases, and defective products in yet other cases. All these "waste" elements intertwine with each other to create more waste, eventually impacting the management of the corporation itself.

The automatic loom invented by Sakichi Toyoda not only automated work that used to be performed manually but also built the capability to make judgments into the machine itself.
By eliminating both defective products and the associated wasteful practices, Sakichi succeeded in tremendously improving both productivity and work efficiency.

Kiichiro Toyoda, who inherited this philosophy, set out to realize his belief that "the ideal conditions for making things are created when machines, facilities, and people work together to add value without generating any waste." He conceived methodologies and techniques for eliminating waste between operations, between lines, and between processes. The result was the so-called Just-in-Time method.

By practicing the philosophies of "Daily improvements" and "Good thinking, Good products, " the TPS has evolved into a world-renowned production system. Furthermore, all Toyota production divisions are making improvements to the TPS day and night to ensure its continued evolution.

Nowadays, the "Toyota spirit of making things" is referred to as the "Toyota Way." It has been adopted, not only by companies inside Japan and within the automotive industry, but in production activities worldwide, and continues to evolve globally.
http://www.toyota.co.jp/en/vision/production_system/index.html
· Toyota Motor Corporation's vehicle production system is a way of "making things" that is sometimes referred to as a "lean manufacturing system" or a "Just-in-Time (JIT) system," and has come to be well known and studied worldwide.
This production control system has been established based on many years of continuous improvements, with the objective of "making the vehicles ordered by customers in the quickest and most efficient way, in order to deliver the vehicles as quickly as possible." 
The Toyota Production System (TPS) was established based on two concepts: The first is called "jidoka"(which can be loosely translated as "automation with a human touch") which means that when a problem occurs, the equipment stops immediately, preventing defective products from being produced; The second is the concept of "Just-in-Time," in which each process produces only what is needed by the next process in a continuous flow.

Based on the basic philosophies of jidoka and Just-in-Time, the TPS can efficiently and quickly produce vehicles of sound quality, one at a time, that fully satisfy customer requirements.
· -Quality must be built in during the manufacturing process!-
If a defective part or equipment malfunction is discovered, the machine concerned automatically stops, and operators stop work and correct the problem.
For the Just-in-Time system to function, all of the parts that are made and supplied must meet predetermined quality standards. This is achieved through jidoka.
· 1.  Jidoka means that a machine safely stops when the normal processing is completed. It also means that, should a quality or equipment problem arise, the machine detects the problem on its own and stop, preventing defective products from being produced. As a result, only products satisfying the quality standards will be passed on to the next processes on the production line.
· 2.  Since a machine automatically stops when processing is completed or when a problem arises and is communicated via the "andon (problem display board)," operators can confidently continue performing work at another machine, as well as easily identify the problem cause and prevent its recurrence. This means that each operator can be in charge of many machines, resulting in higher productivity, while the continuous improvements lead to greater processing capacity.
· Making only "what is needed, when it is needed, and in the amount needed!"
Producing quality products efficiently through the complete elimination of waste, inconsistencies, and unreasonable requirements on the production line.
In order to deliver a vehicle ordered by a customer as quickly as possible, the vehicle is efficiently built within the shortest possible period by adhering to the following:
· 1.  When a vehicle order is received, a production instruction must be issued to the beginning of the vehicle production line as soon as possible.  2.  The assembly line must be stocked with small numbers of all types of parts so that any kind of vehicle ordered can be assembled.  3.  The assembly line must replace the parts used by retrieving the same number of parts from the parts-producing process (the preceding process).  4.  The preceding process must be stocked with small numbers of all types of parts and produce only the numbers of parts that were retrieved by an operator from the next process.
http://www.saigon.com/~nguyent/dettmer2.html
· Theory of constraints

· a continuous improvement philosophy which centers on increasing the money made from the exchange of products or services offers other options for realizing the goal besides cost reduction. A relatively recent approach for doing this is called the Theory of Constraints (TOC). Conceived by Dr. Eliyahu M. Goldratt, TOC, places the highest premium on increasing Throughput, which Goldratt defines as the rate at which the system generates money through sales.[1] Not forgetting the axiom that "you have to spend money to make money," Goldratt links increases in Throughput to decreases in Inventory and Operating Expenses. 

There is more on this subject in Module C.
http://www.lean.org/WhatsLean/History.cfm
· Lean

· Although there are instances of rigorous process thinking in manufacturing all the way back to the Arsenal in Venice in the 1450s, the first person to truly integrate an entire production process was Henry Ford. At Highland Park, MI, in 1913 he married consistently interchangeable parts with standard work and moving conveyance to create what he called flow production. The public grasped this in the dramatic form of the moving assembly line, but from the standpoint of the manufacturing engineer the breakthroughs actually went much further.

· Ford lined up fabrication steps in process sequence wherever possible using special-purpose machines and go/no-go gauges to fabricate and assemble the components going into the vehicle within a few minutes, and deliver perfectly fitting components directly to line-side. This was a truly revolutionary break from the shop practices of the American System that consisted of general-purpose machines grouped by process, which made parts that eventually found their way into finished products after a good bit of tinkering (fitting) in subassembly and final assembly.

· The problem with Ford’s system was not the flow: He was able to turn the inventories of the entire company every few days. Rather it was his inability to provide variety. The Model T was not just limited to one color. It was also limited to one specification so that all Model T chassis were essentially identical up through the end of production in 1926. (The customer did have a choice of four or five body styles, a drop-on feature from outside suppliers added at the very end of the production line.) Indeed, it appears that practically every machine in the Ford Motor Company worked on a single part number, and there were essentially no changeovers.

· When the world wanted variety, including model cycles shorter than the 19 years for the Model T, Ford seemed to lose his way. Other automakers responded to the need for many models, each with many options, but with production systems whose design and fabrication steps regressed toward process areas with much longer throughput times. Over time they populated their fabrication shops with larger and larger machines that ran faster and faster, apparently lowering costs per process step, but continually increasing throughput times and inventories except in the rare case—like engine machining lines—where all of the process steps could be linked and automated. Even worse, the time lags between process steps and the complex part routings required ever more sophisticated information management systems culminating in computerized Materials Requirements Planning(MRP) systems .

· As Kiichiro Toyoda, Taiichi Ohno, and others at Toyota looked at this situation in the 1930s, and more intensely just after World War II, it occurred to them that a series of simple innovations might make it more possible to provide both continuity in process flow and a wide variety in product offerings. They therefore revisited Ford’s original thinking, and invented the Toyota Production System.

· This system in essence shifted the focus of the manufacturing engineer from individual machines and their utilization, to the flow of the product through the total process. Toyota concluded that by right-sizing machines for the actual volume needed, introducing self-monitoring machines to ensure quality, lining the machines up in process sequence, pioneering quick setups so each machine could make small volumes of many part numbers, and having each process step notify the previous step of its current needs for materials, it would be possible to obtain low cost, high variety, high quality, and very rapid throughout times to respond to changing customer desires. Also, information management could be made much simpler and more accurate.

· The thought process of lean was thoroughly described in the book The Machine That Changed the World (1990) by James P. Womack, Daniel Roos, and Daniel T. Jones. In a subsequent volume, Lean Thinking (1996), James P. Womack and Daniel T. Jones distilled these lean principles even further to five:

· Specify the value desired by the customer 

· Identify the value stream for each product providing that value and challenge all of the wasted steps (generally nine out of ten) currently necessary to provide it 

· Make the product flow continuously through the remaining, value-added steps 

· Introduce pull between all steps where continuous flow is possible 

· Manage toward perfection so that the number of steps and the amount of time and information needed to serve the customer continually falls 

There is more on this subject in Module C.
http://www.wmep.org/valuestreammapping.html
· Value stream mapping

· Have you ever looked over a letter, thought it was perfect, and then gave it to someone else who found some obvious mistakes? That’s what can happen when you get too close to a process — it’s difficult to see it with an objective eye.

· Value Stream Mapping (VSM) gives you the tools to stand back and identify the waste in your business and to streamline processes to get rid of waste. Think of it as your personal magnifying glass and your source for solutions to eliminate that waste.

· And there’s a lot of waste that can be kicked to the curb. Statistics show that as much as 60% of operations in a manufacturing business do not add value to the customer. Value Stream Mapping your company:

· Reduces lead time 

· Improves product quality and space utilization 

· Reduces rework/scrap and inventory levels 

· Reduces indirect labor costs 

Tools to Work Smarter - What’s a Value Stream, Anyway?

· A value stream includes all activities required to bring a product from your vendors’ raw material into the hand of the customer. Waste is any part of the process that takes time and resources but adds no value to the product. Waste even includes something as small as taking extra footsteps to bring a product to another part of the factory for finishing.  As much as 60% of operations in small and midsize manufacturing plants do not add overall value to the final product and can be eliminated.

· With Value Stream Mapping, you actually scrutinize business processes from beginning to end and draw a visual representation of every process involved in the material and information flows. Then you draw a future state map to show how things should work for your best competitive advantage.  

What’s In it for You?

· Value Stream Mapping helps to identify the current flow of material and information in processes for a family of products, highlighting the opportunities for improvement that will most significantly impact the overall production system. Implemented at the beginning of a lean improvement strategy, VSM has been shown to significantly increase the chance for lean success.

· In real terms, this means after investing a day or two in Value Stream Mapping, you’ll have the tools to analyze your business and work toward many benefits that lean processes can bring, including:

· Reduced lead time and work-in-process 

· Improved product quality and space utilization 

· Reduced rework/scrap and inventory levels 

· Reduced indirect labor costs 

· It’s difficult to imagine you could get all these benefits from one tool. However, when you think about all the extra baggage your business is carrying daily in the form of productivity killers, doing away with all of them would make a big impact, right? The best way to address this is through Value Stream Mapping. Our proven, step-by-step approach will walk you through your own business (or a case study if you attend the workshop) to show you how things currently operate vs. how efficiently the business actually could run.

http://home.att.net/~nickols/change.htm
· Change management

· The psychology of change

· Three Basic Definitions 

· In thinking about what is meant by “change management,” at least three basic definitions come to mind:

· The task of managing change.  

· An area of professional practice.  

· A body of knowledge. 

· The Task of Managing Change 

· The first and most obvious definition of “change management” is that the term refers to the task of managing change. The obvious is not necessarily unambiguous. Managing change is itself a term that has at least two meanings.  

· One meaning of “managing change” refers to the making of changes in a planned and managed or systematic fashion. The aim is to more effectively implement new methods and systems in an ongoing organization. The changes to be managed lie within and are controlled by the organization.  Perhaps the most familiar instance of this kind of change is the change or version control aspect of information system development projects.  However, these internal changes might have been triggered by events originating outside the organization, in what is usually termed “the environment.” Hence, the second meaning of managing change, namely, the response to changes over which the organization exercises little or no control (e.g., legislation, social and political upheaval, the actions of competitors, shifting economic tides and currents, and so on). Researchers and practitioners alike typically distinguish between a knee-jerk or reactive response and an anticipative or proactive response. 

· An Area of Professional Practice 

· The second definition of change management is "an area of professional practice."  

· There are dozens, if not hundreds, of independent consultants who will quickly and proudly proclaim that they are engaged in planned change, that they are change agents, that they manage change for their clients, and that their practices are change management practices. There are numerous small consulting firms whose principals would make these same statements about their firms. And, of course, most of the major management consulting firms have a change management practice area.  

· Some of these change management experts claim to help clients manage the changes they face – the changes happening to them. Others claim to help clients make changes. Still others offer to help by taking on the task of managing changes that must be made. In almost all cases, the process of change is treated separately from the specifics of the situation. It is expertise in this task of managing the general process of change that is laid claim to by professional change agents. 

· A Body of Knowledge 

· Stemming from the view of change management as an area of professional practice there arises yet a third definition of change management: the content or subject matter of change management. This consists chiefly of the models, methods and techniques, tools, skills and other forms of knowledge that go into making up any practice.  

· The content or subject matter of change management is drawn from psychology, sociology, business administration, economics, industrial engineering, systems engineering and the study of human and organizational behavior. For many practitioners, these component bodies of knowledge are linked and integrated by a set of concepts and principles known as General Systems Theory (GST). It is not clear whether this area of professional practice should be termed a profession, a discipline, an art, a set of techniques or a technology. For now, suffice it to say that there is a large, reasonably cohesive albeit somewhat eclectic body of knowledge underlying the practice and on which most practitioners would agree — even if their application of it does exhibit a high degree of variance.  

· To recapitulate, there are at least three basic definitions of change management:

1. The task of managing change (from a reactive or a proactive posture)  

2. An area of professional practice (with considerable variation in competency and skill levels among practitioners)  

3. A body of knowledge (consisting of models, methods, techniques, and other tools) 

· Content and Process 

· Organizations are highly specialized systems and there are many different schemes for grouping and classifying them. Some are said to be in the retail business, others are in manufacturing, and still others confine their activities to distribution. Some are profit-oriented and some are not for profit. Some are in the public sector and some are in the private sector. Some are members of the financial services industry, which encompasses banking, insurance, and brokerage houses. Others belong to the automobile industry, where they can be classified as original equipment manufacturers (OEM) or after-market providers. Some belong to the health care industry, as providers, as insureds, or as insurers. Many are regulated, some are not. Some face stiff competition, some do not. Some are foreign-owned and some are foreign-based. Some are corporations, some are partnerships, and some are sole proprietorships. Some are publicly held and some are privately held. Some have been around a long time and some are newcomers. Some have been built up over the years while others have been pieced together through mergers and acquisitions. No two are exactly alike.  

· The preceding paragraph points out that the problems found in organizations, especially the change problems, have both a content and a process dimension. It is one thing, for instance, to introduce a new claims processing system in a functionally organized health insurer. It is quite another to introduce a similar system in a health insurer that is organized along product lines and market segments. It is yet a different thing altogether to introduce a system of equal size and significance in an educational establishment that relies on a matrix structure. The languages spoken differ. The values differ. The cultures differ. And, at a detailed level, the problems differ. However, the overall processes of change and change management remain pretty much the same, and it is this fundamental similarity of the change processes across organizations, industries, and structures that makes change management a task, a process, and an area of professional practice. 

· Section III:  The Change Process 

· The Change Process as “Unfreezing, Changing and Refreezing” 

· The process of change has been characterized as having three basic stages: unfreezing, changing, and re-freezing. This view draws heavily on Kurt Lewin’s adoption of the systems concept of homeostasis or dynamic stability.  

· What is useful about this framework is that it gives rise to thinking about a staged approach to changing things. Looking before you leap is usually sound practice.  

· What is not useful about this framework is that it does not allow for change efforts that begin with the organization in extremis (i.e., already “unfrozen”), nor does it allow for organizations faced with the prospect of having to “hang loose” for extended periods of time (i.e., staying “unfrozen”).  

· In other words, the beginning and ending point of the unfreeze-change-refreeze model is stability — which, for some people and some organizations, is a luxury. For others, internal stability spells disaster. A tortoise on the move can overtake even the fastest hare if that hare stands still. 

· The Change Process as Problem Solving and Problem Finding 

· A very useful framework for thinking about the change process is problem solving. Managing change is seen as a matter of moving from one state to another, specifically, from the problem state to the solved state. Diagnosis or problem analysis is generally acknowledged as essential. Goals are set and achieved at various levels and in various areas or functions. Ends and means are discussed and related to one another. Careful planning is accompanied by efforts to obtain buy-in, support and commitment. The net effect is a transition from one state to another in a planned, orderly fashion. This is the planned change model.  

· The word “problem” carries with it connotations that some people prefer to avoid. They choose instead to use the word “opportunity.” For such people, a problem is seen as a bad situation, one that shouldn’t have been allowed to happen in the first place, and for which someone is likely to be punished — if the guilty party (or a suitable scapegoat) can be identified. For the purposes of this paper, we will set aside any cultural or personal preferences regarding the use of “problem” or “opportunity.” From a rational, analytical perspective, a problem is nothing more than a situation requiring action but in which the required action is not known. Hence, there is a requirement to search for a solution, a course of action that will lead to the solved state. This search activity is known as “problem solving.”  

· From the preceding discussion, it follows that “problem finding” is the search for situations requiring action. Whether we choose to call these situations “problems” (because they are troublesome or spell bad news), or whether we choose to call them “opportunities” (either for reasons of political sensitivity or because the time is ripe to exploit a situation) is immaterial. In both cases, the practical matter is one of identifying and settling on a course of action that will bring about some desired and predetermined change in the situation. 

· The Change Problem 

· At the heart of change management lies the change problem, that is, some future state to be realized, some current state to be left behind, and some structured, organized process for getting from the one to the other. The change problem might be large or small in scope and scale, and it might focus on individuals or groups, on one or more divisions or departments, the entire organization, or one or on more aspects of the organization’s environment.  

· At a conceptual level, the change problem is a matter of moving from one state (A) to another state (A’). Moving from A to A’ is typically accomplished as a result of setting up and achieving three types of goals: transform, reduce, and apply. Transform goals are concerned with identifying differences between the two states. Reduce goals are concerned with determining ways of eliminating these differences. Apply goals are concerned with putting into play operators that actually effect the elimination of these differences (see Newell & Simon).  

· As the preceding goal types suggest, the analysis of a change problem will at various times focus on defining the outcomes of the change effort, on identifying the changes necessary to produce these outcomes, and on finding and implementing ways and means of making the required changes. In simpler terms, the change problem can be treated as smaller problems having to do with the how, what, and why of change. 

· Change as a “How” Problem 

· The change problem is often expressed, at least initially, in the form of a “how” question. How do we get people to be more open, to assume more responsibility, to be more creative? How do we introduce self-managed teams in Department W? How do we change over from System X to System Y in Division Z? How do we move from a mainframe-centered computing environment to one that accommodates and integrates PCs? How do we get this organization to be more innovative, competitive, or productive? How do we raise more effective barriers to market entry by our competitors? How might we more tightly bind our suppliers to us? How do we reduce cycle times? In short, the initial formulation of a change problem is means-centered, with the goal state more or less implied. There is a reason why the initial statement of a problem is so often means-centered and we will touch on it later. For now, let’s examine the other two ways in which the problem might be formulated — as “what” or as “why” questions. 

· Change as a “What” Problem 

· As was pointed out in the preceding section, to frame the change effort in the form of “how” questions is to focus the effort on means. Diagnosis is assumed or not performed at all. Consequently, the ends sought are not discussed. This might or might not be problematic. To focus on ends requires the posing of “what” questions. What are we trying to accomplish? What changes are necessary? What indicators will signal success? What standards apply? What measures of performance are we trying to affect? 

· Change as a “Why” Problem 

· Ends and means are relative notions, not absolutes; that is, something is an end or a means only in relation to something else. Thus, chains and networks of ends-means relationships often have to be traced out before one finds the “true” ends of a change effort. In this regard, “why” questions prove extremely useful.  

· Consider the following hypothetical dialogue with yourself as an illustration of tracing out ends-means relationships. 

1. Why do people need to be more creative? 

2. I’ll tell you why! Because we have to change the way we do things and we need ideas about how to do that.  

3. Why do we have to change the way we do things? 

4. Because they cost too much and take too long. 

5. Why do they cost too much? 

6. Because we pay higher wages than any of our competitors. 

7. Why do we pay higher wages than our competitors? 

8. Because our productivity used to be higher, too, but now it’s not. 

9. Eureka! The true aim is to improve productivity! 

10. No it isn’t; keep going. 

11. Why does productivity need to be improved? 

12. To increase profits. 

13. Why do profits need to be increased? 

14. To improve earnings per share. 

15. Why do earnings per share need to be improved? 

16. To attract additional capital. 

17. Why is additional capital needed? 

18. We need to fund research aimed at developing the next generation of products. 

19. Why do we need a new generation of products? 

20. Because our competitors are rolling them out faster than we are and gobbling up market share. 

21. Oh, so that’s why we need to reduce cycle times. 

22. Hmm. Why do things take so long?  

· To ask “why” questions is to get at the ultimate purposes of functions and to open the door to finding new and better ways of performing them. Why do we do what we do? Why do we do it the way we do it? Asking “why” questions also gets at the ultimate purposes of people, but that’s a different matter altogether, a “political” matter, and one we’ll not go into in this paper. 

· The Approach taken to Change Management Mirrors Management's Mindset 

· The emphasis placed on the three types of questions just mentioned reflects the management mindset, that is, the tendency to think along certain lines depending on where one is situated in the organization. A person’s placement in the organization typically defines the scope and scale of the kinds of changes with which he or she will become involved, and the nature of the changes with which he or she will be concerned. Thus, the systems people tend to be concerned with technology and technological developments, the marketing people with customer needs and competitive activity, the legal people with legislative and other regulatory actions, and so on. Also, the higher up a person is in the hierarchy, the longer the time perspective and the wider the range of issues with which he or she must be concerned.  

· For the most part, changes and the change problems they present are problems of adaptation, that is, they require of the organization only that it adjust to an ever-changing set of circumstances. But, either as a result of continued, cumulative compounding of adaptive maneuvers that were nothing more than band-aids, or as the result of sudden changes so significant as to call for a redefinition of the organization, there are times when the changes that must be made are deep and far-reaching. At such times, the design of the organization itself is called into question.  

· Organizations frequently survive the people who establish them. AT&T and IBM are two ready examples. At some point it becomes the case that such organizations have been designed by one group of people but are being operated or run by another. (It has been said of the United States Navy, for instance, that “It was designed by geniuses to be run by idiots.”) Successful organizations resolve early on the issue of structure, that is, the definition, placement and coordination of functions and people. Other people then have to live with this design and, because the ends have already been established, these other people are chiefly concerned with means.  This is why so many problem-solving efforts start out focused on means.  

· Some organizations are designed to buffer their core operations from turbulence in the environment. In such organizations all units fit into one of three categories: core, buffer, and perimeter.   

· In core units (e.g., systems and operations), coordination is achieved through standardization, that is, adherence to routine. In buffer units (e.g., upper management and staff or support functions), coordination is achieved through planning. In perimeter units (e.g., sales, marketing, and customer service), coordination is achieved through mutual adjustment (see Thompson).   

· People in core units, buffered as they are from environmental turbulence and with a history of relying on adherence to standardized procedures, typically focus on “how” questions. People in buffer units, responsible for performance through planning, often ask “what” questions. People in the perimeter units are as accountable as anyone else for performance and frequently for performance of a financial nature. They can be heard asking “what” and “how” questions. “Why” questions are generally asked by people with no direct responsibility for day-to-day operations or results. The group most able to take this long-term or strategic view is that cadre of senior executives responsible for the continued well being of the firm: top management. If the design of the firm is to be called into question or, more significantly, if it is actually to be altered, these are the people who must make the decision to do so.  

· Finally, when organizational redefinition and redesign prove necessary, all people in all units must concern themselves with all three sets of questions or the changes made will not stand the test of time.  

· To summarize: Problems may be formulated in terms of “how,” “what” and “why” questions. Which formulation is used depends on where in the organization the person posing the question or formulating the problem is situated, and where the organization is situated in its own life cycle.

·  “How” questions tend to cluster in core units. 

· “What” questions tend to cluster in buffer units. 

· People in perimeter units tend to ask “what” and “how” questions. 

·  “Why” questions are typically the responsibility of top management. 

·  In turbulent times, everyone must be concerned with everything. 

http://www.wmep.org/artman2/publish/article_29.shtml
· Visual workplace

· 5 S

· When you enter a roadway, the space is divided into lanes and the shape and color of the lanes’ stripes communicate a particular function or rule. Traffic flow is regulated with color-coded signs or signals. Other signs tell you how to get to a particular destination or what food, fuel, and fun can be found at the next exit of the highway. Rumble strips warn you of an upcoming intersection. Parked cars are “shelved” into particular spaces along a street or off the road to allow the flow of other cars. Snow is removed on demand and potholes are filled on a schedule. The roadway operates as an integrated system of people, space, and machines. 

· Similarly, a manufacturing operation is also an integrated system of people, space, and machines. Recognizing this, we can make significant improvements simply by applying organizing signals, methods, and rules onto the system. 

· What does your plant communicate about itself? Does work flow smoothly between areas? Are traffic lanes and emergency exits marked and kept cleared? Is there a sense of order? Are materials “parked” (stored) haphazardly? Does your parking (storage) space overflow? Is the inventory level of each part apparent to you? What does the signage say about the “rules of the road”? 

· Now, imagine a workspace where clutter has been eliminated. Everything has a place, work areas and traffic lanes are clearly delineated and the work flows easily from station to station. People don’t waste time looking for tools, materials, or paperwork. The space is safe and organized. Machinery and tools are clean and regularly maintained. Productivity increases. Lead time decreases. Bottom lines are impacted. 

· The 5S System is a technique of workplace organization that fosters efficiency. It is a process of sorting, set-ting in order, shining, standardizing and sustaining, and it provides benefits that are quickly visible, 

5S/Visual workplace, visual results 

· WMEP Manufacturing Specialist Jim Schneberger is a 5S System expert. Jim recently described a 5S improvement where an assembly area was greatly improved with a few small but significant changes. 

· The six workers in this area previously each had their own set of tools. What Jim found is that the duplication of tools actually caused inefficiency because tools “migrated” and were often lost. Part of the initial solution was to create a single tool board that all 6 workers shared. Then work content was broken up so the product moved to the tools rather than each operator owning a set of his/her own tools. This eliminated the need for 6 of everything. The workbenches were cut in half and put on wheels so that the 5S team could park a bench at the tool board. This allowed the workers to wheel the product to each progressive step. 

· Build time was reduced from 8-9 hours to approximately 2.5 hours for this assembly with only a few simple 5S improvements. Originally, the margin on the assembled prod-uct was a negative 18 percent. After all the changes were instituted, the margin went to +30 percent. That’s an improvement of nearly 50 percent! 

5S Project selection 

· Selection of the initial target area is a key to success when adopting the 5S strategy. It is critical to begin with an area that is manageable, as the team will be learning and developing as the project is completed. Leadership should set stretch goals to challenge the team, as 5S implementation that lacks clear goals often turns into “spring cleaning” projects that are not sustained. 

5S Implementation 

· As you begin a 5S project, first do a workplace scan of a specific work area – ask the questions and rate yourself. That way you’ll have a clear, straightforward system to chart progress as you proceed. 

· Next, use the insights gained from the workplace scan to create a message board or metrics kiosk for the work area. Take and post “before” photos, and describe the purpose and function of each area of improvement. Be sure to also include a physical diagram to trace the movement of people and product through the area. 

· Then you’re ready to start the five “S”s of the workplace improvement: 1. Sort through, sort out; 2. Set in order; 3. Shine; 4. Standardize; 5. Sustain… 

· There are many possibilities for 5S improvement within your organization. Even the simplest of tasks can be eating into your profits. It may not be “pins” for you, but can you identify with the example below and see where improvements could be made in your own processes? 

· A skilled tradesman has the majority of tools he needs at his bench, and with every job that runs, he needs a pin for his project, but he won’t know what size pin he needs until the job arrives at his work area. 

· The job arrives. He looks at his work order, checks the blueprint, and heads for the box of pins, which happens to be located about halfway across the shop in the tool bin. There are some odd 35 pins in this box – none of which are labeled. He spends about 3-5 minutes pulling what is almost literally a needle from a haystack back at his tool bench. He then returns the box of pins to its original location so that it’s there for the next worker in need. 

· Occasionally, the pin he needs isn’t in the box because someone else is using it. Then he has to walk the shop floor to find it. Right about now he’s thinking, ‘if I had a dollar for every minute that I spend searching for pins…’ 

· And you’re thinking 'if I had a dollar for every minute that someone in my organization spends searching for…' With 5S, you can find dramatically better ways to avoid time wastes in your business. Below shows you what you can do with your “pins” and gives helpful advice on how to apply 5S to your own unique situation. 

· 5S is a valuable tool for workplace efficiency. “People learn a tremendous amount about their workplace in this process,” Schneberger noted. “They are encouraged to ask, ‘What does that do?’ – so that they start to scrutinize what is necessary to do the job, and what is not. By doing the first 5S project, you’re creating one center of 5S excellence that can be a model for others to follow.” Once you see the improvements that can be achieved, you’ll want other areas to follow suit. 

A better system – A better bottom line 

· After 5S has been implemented in various parts of the plant, you will begin to see how an efficient, organized workplace can dramatically affect your bottom line: productivity increases and quality improves. You’ll have less waste in materials, space and time. Lead times decrease, on-time deliveries increase, and because the improvements have positive impact on your company climate, you’ll find that employees continue to facilitate positive change- all on their own. 

· If you haven’t looked closely at the workspace in your plant, take a deeper look. Analyze the underlying organization that drives the efficiency and productivity that defines your bottom line. 

· What to do with those pins: 

· Sort Through, Sort Out Sort the pins by size. Create Containers for pins of different sizes. Determine how many of each size you need to have on hand. In your own plant you will want to establish criteria for what to remove. Ask the questions: Does it belong? Is there too much? Does it help make the product? Establish a Red Tag holding area. Tip: Assign an accounting person to decide whether to keep or dispose of anything you’re not certain about. 

· Set in Order Create containers of same size pins. Mark containers and stack them in order by height for easy reference. If necessary paint a “shadow” of the containers on the tool board or storage area so everyone knows where to put them when they’re done. In your own plant you could paint a tool board with shapes of the tools. This reminds workers to put the tools back and it’s a great way to reference what’s missing.Tip: Don’t get stuck on any one particular area- keep an open mind and keep moving forward. 

· Shine The pins don’t need cleaning, but if the containers are clean, organized and well marked, the new system will work its best. In your own plant, define what “clean enough” to keep the area inspection ready. Then clean everything in that area to that level. Tip: Now is the time to spend a little money to repair, replace, and fix those things that don’t meet the criteria you’ve set above. 

· Standardize Now that people can find the pins quickly, employees can see the benefit in the 5S improvement. Tap into the positive attitudes now to create a plan to sustain the improvements. In your own plant brainstorm how to maintain the new workplace condition with your 5S team. Tip: When employees take ownership in the improvements, long-term success rates increase substantially 

· Sustain Schedule inspections and have everyone in charge of maintaining the new pin. In your own plant, maintain the new standards through walk-through “status-at-a-glance” 


http://engr.nmsu.edu/~etti/fall97/manufacturing/tpm2.html
· Total productive maintenance

· Predictive maintenance

· Autonomous maintenance

What is Total Productive Maintenance?
· Total Productive Maintenance (TPM) is a maintenance program concept. Philosophically, TPM resembles Total Quality Management (TQM) in several aspects, such as (1)total commitment to the program by upper level management is required, (2) employees must be empowered to initiate corrective action, and (3) a long range outlook must be accepted as TPM may take a year or more to implement and is an on-going process. Changes in employee mind-set toward their job responsibilities must take place as well.

· TPM brings maintenance into focus as a necessary and vitally important part of the business. It is no longer regarded as a non-profit activity. Down time for maintenance is scheduled as a part of the manufacturing day and, in some cases, as an integral part of the manufacturing process. It is no longer simply squeezed in whenever there is a break in material flow. The goal is to hold emergency and unscheduled maintenance to a minimum.

There is more on this subject in Module C. 

http://www.mamtc.com/lean/building_quickChange.asp
· Setup reduction

Quick change over

· Customers today want a variety of products in just the quantities they need. They expect high quality, a good price, and speedy delivery. Producing to customer requirements means getting batch processes to produce in small lots. Doing this usually creates a need to reduce setup times. The goal of setup reduction and changeover improvement should be to develop a production system that gets as close as possible to making only what the customer wants, when the customer wants it, throughout the production chain. The result being a strong, flexible manufacturing operation that is adaptable to changes. 

· Many companies produce goods in large lots simply because long changeover times make it costly to frequently change products. Large-lot production has several disadvantages: 

· Inventory waste - sorting out what is not sold costs money and ties up company resources without adding any value to the product 

· Delay - customers must wait for the company to produce entire lots rather than just the quantities a customer needs 

· Declining quality - storing unsold inventory increases the chance that it will have to be scrapped or reworked, which adds cost to the product 

· When methods are in place to accommodate quick changeover, setups can be done as often as needed. This means you can make products in smaller lots, which has many advantages: 

· Flexibility - you can meet changing customer needs without the expense of excess inventory 

· Quicker delivery - small-lot production means less lead time and less customer waiting time 

· Better quality - less inventory storage means fewer storage-related defects. Quick changeover methods lower defects by reducing setup errors and eliminating trial runs of the new product 

· Higher productivity - shorter changeovers reduce downtime, which means a higher equipment productivity rate 

· You must first look at how you currently perform setup operations before you can improve them. Three preliminary steps involved in a setup analysis include: 

· videotaping the entire setup operation 

· asking setup personnel to talk about what they do 

· studying the time and motions involved in each step of the setup 

· Setup improvement activities can be implemented in three stages: 

· distinguishing between internal and external setups 

· converting internal setups to external setups 

· streamlining all aspects of the setup operation 

· As a broad term setup covers not only the replacement of tooling and production parts, but also other operations, such as the revision of standards and the replacements of assembly parts and other materials. 

· Usually, we begin by reducing setup time as an objective and rarely go further to change equipment more frequently and run smaller batches. In other words, the focus is on the technique of setup reduction rather than the objective of lean manufacturing. Setup reduction is an important technique that supports lean manufacturing, but it is lean manufacturing that is the driver for when and where you apply setup reduction.
http://www.strategosinc.com/cellular_manufacturing.htm
· Cellular manufacturing

Workcells In Lean Manufacturing
· Cellular Manufacturing and workcells are at the heart of Lean Manufacturing. Their benefits are many and varied. They increase productivity and quality. Cells simplify material flow, management and even accounting systems.

· Cellular Manufacturing seems simple. But beneath this deceptive simplicity are sophisticated Socio-Technical Systems. Proper functioning depends on subtle interactions of people and equipment. Each element must fit with the others in a smoothly functioning, self-regulating and self-improving operation.

· What Is A Workcell?
· A workcell is a work unit larger than an individual machine or workstation but smaller than the usual department. Typically, it has 3-12 people and 5-15 workstations in a compact arrangement.

· An ideal cell manufactures a narrow range of highly similar products. Such an ideal cell is self-contained with all necessary equipment and resources.
· Cellular layouts organize departments around a product or a narrow range of similar products. Materials sit in an initial queue when they enter the department.

· Once processing begins, they move directly from process to process (or sit in mini-queues). The result is very fast throughput. Communication is easy since every operator is close to the others. This improves quality and coordination. Proximity and a common mission enhance teamwork.

· Simplicity is an underlying theme throughout cellular design. Notice the simplicity of material flow. Scheduling, supervision and many other elements also reflect this underlying simplicity.

http://www.isixsigma.com/dictionary/Kanban-977.htm
· Kanban sytems
· Kanban: A Japanese term. The actual term means "signal". It is one of the primary tools of a Just in Time (JIT) manufacturing system. It signals a cycle of replenishment for production and materials. This can be considered as a “demand” for product from on step in the manufacturing or delivery process to the next. It maintains an orderly and efficient flow of materials throughout the entire manufacturing process with low inventory and work in process. It is usually a printed card that contains specific information such as part name, description, quantity, etc.

In a Kanban manufacturing environment, nothing is manufactured unless there is a “signal” to manufacture. This is in contrast to a push-manufacturing environment where production is continuous.
http://en.wikipedia.org/wiki/Flexible_manufacturing
· Flexible manufacturing

· A '''flexible manufacturing system (FMS)''' is a manufacturing system in which there is some amount of Flexibility (engineering)flexibility which allows the system to react in the case of changes, whether predicted or unpredicted.  This flexibility is generally considered to fall into two categories, within which are numerous other subcategories.  

· The first category, machine flexibility, covers the system's ability to be changed to produce new product types, and ability to change the order of operations executed on a part. 

· The second category of flexibility within an FMS is called routing flexibility, which consists of the ability to use multiple machines to perform the same operation on a part, as well as the system's ability to absorb large-scale changes, such as in volume, capacity, or capability.

· The whole FMS is commonly controlled by a central computer. 

· The main advantages of a FMS is its high flexibility in manufacturing resources like time and effort in order to manufacture a new product.

· The best application of a FMS is found in production of small sets of products that are likely but not equal that those from a mass production, otherwise production cost of small sets of products will cost a lot in relation with mass production cost.

· Advantages

· Productivity increment due to automation.

· Preparation time for new products is shorter due to flexibility (in case the FMS will be able to be adapted to).

· Saving of labor cost, due to automation less human workers are needed.

· Improved production quality, due to automation.

http://en.wikipedia.org/wiki/International_Organization_for_Standardization
· ISO 

· The '''International Organization for Standardization''' (ISO) is an international standard-setting body composed of representatives from national Standards organization|standards bodies. Founded on February 23,1947, the organization produces world-wide industrial and commercial standardization|standards, the so-called List of ISO standards|ISO standards.

· While the ISO defines itself as a non-governmental organization (NGO), its ability to set standards which often become law through treaties or national standards makes it more powerful than most NGOs, and in practice it acts as a consortium with strong links to governments. Participants include several major corporations and at least one standards body from each member country.

· ISO cooperates closely with the International Electrotechnical Commission (IEC), which is responsible for standardization of electrical equipment.

The name

· The organization is usually referred to simply as ''ISO' (International Phonetic Alphabet|IPA pronunciation in English: IPA).

· It is a common misconception that ISO stands for "International Standards Organization", or something similar. ISO is not an acronym; it comes from the Greek word ''ίσος'' (''isos''), meaning "equal". In English language|English, the organization’s long-form name is "International Organization for Standardization", while in French language|French it is called "Organisation internationale de normalisation." These initials would result in different acronyms in ISO’s two official languages, English (IOS) and French (OIN), thus the founders of the organization chose "ISO" as the universal short form of its name.[http://www.iso.org/iso/en/networking/pr/isoname/isoname.html]

Standards and technical reports
· ISO standards are numbered, and have a format that contains ''"ISO/IEC [IS] nnnnn:yyyy:  Title"'' where ''"nnnnn"'' is the standard number, ''"yyyy"'' is the year published, and ''"Title"'' describes the subject.  IEC will only be included if the standard results from work of JTC1.  The date and IS will always be left off an incomplete or unpublished standard, and may (under certain circumstances) be left off the title of the published work.

· Aside from standards, ISO also creates Technical Reports for documents that cannot or should not become International Standards such as references, explanations, etc.  The naming conventions for these are the same as for standards with the exception of having TR prepended in the place of IS in the standard's name.  Examples:

· ISO/IEC TR 17799:2000 Code of Practice for Information Security Management

· ISO TR 15443-1/3 Information Technology - Security Techniques - A Framework for IT Security Assurance parts 1-3

· Finally, ISO will on rare occasions issue a Technical Corrigendum.  These are amendments to existing standards because of minor technical flaws, improvements to usability or to extend applicability in a limited way.  Generally, these are issued with the expectation that the affected standard will be updated or withdrawn at its next scheduled review.

ISO documents
· ISO documents are copyrighted and ISO charges for copies of most.  ISO does not, however, charge for most draft copies of documents in electronic format.  Although useful, care must be taken using these drafts as there is the possibility of substantial change before it becomes finalized as a standard. Some ISO standards are made freely available.

· For examples, see [http://isotc.iso.org/livelink/livelink/fetch/2000/2489/Ittf_Home/PubliclyAvailableStandards.htm Freely Available Standards] and http://webstore.ansi.org/ansidocstore/free_standards.asp Free Standards2

Members
· ISO has three membership categories. There are ''member bodies'' that are national bodies that are considered to be the most representative standards body in each country. These are the only members of ISO that have voting rights. For countries that don't have standards organizations on their own there is a membership category called ''correspondent members''. These are informed about the work going on in ISO but are not allowed to take part in the actual standardization work. Finally there are ''subscriber members'' for countries with small economies. These have reduced membership fees but can follow the development of new standards.

Problems during the 1990s
· During the 1990s, ISO gained a reputation for being slow, bureaucratic, congested, and insensitive to feedback from both vendors and their customers. One problematic project was the enormous Open Systems Interconnection project, which attempted the development of one single computer networking standard, but was finally shut down in 1996 after becoming mired in interoperability problems and bickering between vendors. Attention then turned to the volunteer-based, open-process and non-profit Internet Engineering Task Force (IETF), which develops the standards necessary for the Internet to function.  When IETF turned out to be too slow, vendors began funding more focused, agile consortia like the W3C, another open, non-profit organization headed by the inventor of the World Wide Web, Tim Berners-Lee.  Since then, ISO has undertaken modest reforms to decrease the time required to promulgate new standards.

· ISO International Standards are not in any way binding on either governments or industry merely by virtue of being International Standards.  This is to allow for situations where certain types of standards may conflict with social, cultural or legislative expectations and requirements.  This also reflects the fact that national and international experts responsible for creating these standards do not always agree and not all proposals become standards by unanimous vote. The individual nations and their standards bodies remain the final arbiters.

Products named after ISO

· The fact that many of the ISO-created standards are ubiquitous has led, on occasion, to common usage of "ISO" to describe the actual product that conforms to a standard.  Some examples of this are:

· CD images end in the file extension "ISO image|ISO" to signify that they are using the ISO 9660 standard file system as opposed to another file system - hence CD images are commonly referred to as "ISOs". Virtually all computers with CD-ROM drives can read CDs that use this standard. DVD-ROMs also use ISO 9660 file systems.

· Photographic film's sensitivity to light, its film speed, is described by ISO 5800:1987.  Hence, the film's speed is often referred to as its "ISO number."

	MODULE B – AUTOMOTIVE MANUFACTURING IN ALABAMA

	MODULE DESCRIPTION:  This module continues the historical aspect of this course by looking at the development of automotive manufacturing in the state of Alabama. 


OUTLINE

· History of Alabama manufacturing

· Eras

· Antebellum
· Civil War and Reconstruction
· The New South
· Automotive Manufacturing

· Original Equipment Manufacturers (OEM)

· Tier Suppliers

SOCIAL STUDIES “ALABAMA: THE NEW SOUTH”

by Bode Morin

The history of Alabama can easily be broken down into three broad time periods. The first is the antebellum period, where agricultural interests dominated the state. The second is the Civil War and Reconstruction eras. The third is the period following the Reconstruction, sometimes called the Redemption, that marked the beginning of the New South when broad economic changes

ushered in large-scale industrial ventures.

Antebellum Alabama

Agriculture in early Alabama centered on thirteen counties aligned across the south central part of the state. This region was part of the Southern Black Belt that included portions of South Carolina, Georgia, Mississippi, and Tennessee. It was so called because of its rich dark soil base and high number of slave- holding farms, the Black Belt contained some of the most lucrative Southern plantations and some of the largest populations of African-Americans living in the

country. In the 1820s, following statehood for Alabama and an increased demand for mass produced textiles, cotton was introduced to the region. The rich soil proved so compatible to cotton growth that the state’s 9,000 residents in 1810 surged to 128,000 in 1820 then to 310,000 in 1830 with only one percent living in a city. The African-American portion of the population (a majority of whom were slaves) similarly jumped from 42,000 in 1820 to 119,000 in 1830.  

Mobile, because of its access to inland waterways, and proximity to Black Belt Plantations and the Gulf of Mexico, became the chief social and fi nancial center for the state. By 1830, it was the fourth largest cotton exporting city in the nation. Only New Orleans, Savannah, and Charleston ranked higher. During the decade of the 1830s, blight-proof cotton and better water drilling techniques were developed, and Alabama’s cotton production grew nearly 41/2 times. By

1840, the state’s total population, of which only 2.2 percent were city dwellers, reached 591,000.  Of that total, the number of African-Americans living in Alabama reached 256,000.  

By 1849 Mobile had become the second largest cotton-exporting city in the nation and, with a population of 30,000, it laid claim to the 27th largest city in the country and the only city in Alabama with a population greater than 10,000.

Antebellum Jefferson County, by contrast, was sparsely populated. Without the rich soil base to support cotton growing, the number of slaves accounted for only twenty percent of its population in 1860, compared to eighty percent in some Black Belt counties. Jefferson County’s 1870 population was 12,345 compared to 49,302 for Mobile County and 42,705 in Montgomery County. Throughout the antebellum period, agriculture clearly dominated the state’s economy.

Industry was viewed as the scourge of the North, which was thought to be dirty, congested, and contaminated. Attempting to slow nearly nonexistent industrial development, in 1840 powerful agricultural interests pushed a referendum through the state legislature to restrain rail development. Although railroads would have provided quicker communication and mail service between the regions, the referendum promoted “safer” macadamized (paved) roads over

railroads.

Without adequate transportation to import materials or export products, only a few isolated Northern Alabama companies produced iron in the antebellum period. These first furnaces and forges mainly supplied bar stock to blacksmiths and cast simple agricultural implements and hollow ware (pots and vessels). Although the first blast furnace, erected in 1818, predated the first cotton mill by twelve years, most Alabamians never considered iron or railroads as more

than a minor service industry to agriculture. Cotton planting was, according to Ethyl Armes, who wrote the definitive history of iron and coal in Alabama, the “gentleman’s trade.”  

By mid-century, however, the state government, prodded by the state’s geological survey and Southern capitalists seeking another “future besides growing cotton,” began to consider connecting Alabama’s separate regions and exploiting its mineral resources. In addition to increasing the state’s wealth, exploiting mineral resources was also seen a means to reduce the South’s dependency on the North for manufactured goods. In 1858 the state apportioned $10,000 to provide a cost analysis and railroad line survey to connect the Tennessee River to Mobile Bay. Work on the line began in 1860 and had extended north into the mineral region when the Civil War broke out and construction effectively ground to a halt. These nascent attempts at industrialization, however, did not greatly dissuade much of the public. In fact,

agriculture, still so dominated the economy that as late as 1860, the state’s leading industry, cotton gin manufacturing, had become the largest in the nation.

Civil War and Reconstruction

During the war, Confederate demand for iron grew very quickly as the South attempted to defend its agricultural-based economy. Rising to this effort, several new Alabama furnaces went into blast, such that the total number of iron producing companies rose from “but few” in the 1850s to sixteen by war’s end. New railroads linked parts of Alabama’s mineral region with the arsenals

and foundries in Selma, and the rolling mills and machine shops in the north central counties.  Alabama’s fledgling iron industry, however, did not remain viable for long as Union troops occupied much of state in 1865. Eliminating the South’s industrial capability, the North destroyed all but one blast furnace and nearly every forge and foundry in the state.  

The Civil War decimated Alabama’s economy. The Reconstruction that followed attempted to reform and restructure the South did little, however, to promote economic rebuilding. It simply provided a moral and political springboard for Northern politicians while failing to increase regional per capita earnings beyond 27% of the North.  During the Reconstruction years, city life in Alabama became much more difficult and witnessed for the only decade in its history, a greater increase in the number of rural residents than urban dwellers. Of the sixteen furnaces destroyed during the war, only six reopened.  

During Reconstruction, many Southerners realized that the only way to redeem itself was through the development of industries and a capitalist economy. Seen as a decisive edge to the North’s victory, they believed that economic recovery would only come through the development of the mineral belt and the construction of railroads.  
In the midst of the Reconstruction, a group of Montgomery businessmen, with ties to developing railroads, formed a company to purchase land at the pending junction of two railroads in the mineral region of the state. With the intention of selling the lots and developing an “industrial

city to take advantage of the immense natural resources in ]efferson County,” the organization chartered Birmingham in 1871.

The New South

As Reconstruction ended in the late 1870s, conservative Southern Democrats began taking over congressional and gubernatorial seats from liberal Republicans and the political and economic climate in the state began to change. Not only had Reconstruction been seen as a failure in the South, but many Northern groups also saw the limited success for dollars spent as a waste. By

the end of the 1870s, the economic climate of the nation began to brighten. Northern capitalists especially began to see the South less as a region for political and moral postulating and more for economic development. Land speculators looked to the vast forests of virgin timber; industrialists considered the extensive virtually untapped mineral fields, and merchants saw the

population as large open market for their goods. Clearly the economic barriers that separated the South from North prior to the Civil War were breaking down.

Early entrepreneurs especially promoted the growth of railroads in the South. Between 1881 and 1890, 180 new railroad companies began operations south of Pennsylvania and east of the Mississippi River. Railroads in the South grew by 135 per cent for the decade, while the rest of the country grew at only 86 percent.

This critical means of transportation coupled with vast untapped exploitable resources and highly favorable business conditions transformed the old South. Publications such as “How to get Rich in the South,” and “The Road to Wealth” promoted business opportunities. Newspapers, such as the Philadelphia Telegraph proclaimed, “Southern land, labor, fuel, water power, and building

facilities are cheap. The way to clear and large profits is open.”  The South’s economic metamorphosis of the 1880s prompted historian Edward Ayers to write: 

 “Signs of the New South Appeared...shoved up against the signs of the old...Hundreds of new towns proudly displayed raw brick buildings...Investors began to put money into saw mills, textiles, and coal mines...Railroads connected the landscape...[and] enthusiastic young editors talked of a New South.”  

At the same time, large-scale mineral exploitation began in Jefferson and five of its surrounding iron and coal rich counties which became known as the Birmingham District. Boosters claimed that the region was the only one in the world with all of the necessary materials for making iron within five miles of each other. Aided financially by new railroad lines eager to increase traffic, eight new blast furnace companies had opened by 1883. (This included the Sloss Iron Company, 1881).  

In 1888, the L&N Railroad, dominant in Alabama and Tennessee, carried more iron ore, coal, and pig iron than the combined weight of all cotton produced in the United States for the prior fifteen years. Between 1880 and 1900 more new blast furnace companies opened in the Birmingham District than any other region in the United States (outside of Pittsburgh) prompting Andrew Carnegie to declare the South, “Pennsylvania’s most formidable industrial enemy.”  

Residing on the dramatically increased iron production and great potential for rivaling Pittsburgh’s great steel production, Birmingham’s population grew from 3,000 in 1880 to 26,000 a decade later, and by 1900, became Alabama’s largest city with a population of 38,000. Amid this tremendous growth, civic leaders coined the nickname “Magic City” for Birmingham.  

By 1930, Birmingham with its associated boundary expansions, had grown to 259,000, and at 431,000, Jefferson County ranked as the largest county in the South, behind Orleans Parish, Louisiana. Chemical and structural constraints, however, limited the ability of the Alabama’s iron and coal to make high quality steel as had been hoped. The materials did, however, combine to make ideal foundry iron, and merchant pig iron production increased ten fold during the 1880s. Because of low transportation and labor costs, the Birmingham District quickly became the largest and cheapest foundry iron producing area. By 1915 twenty-five percent of the nation’s foundry pig iron was produced in Birmingham. This number grew to forty percent by 1940.

The economy of Alabama has had many transformations since statehood in 1819. Endowed with vast mineral wealth, it was able to overcome the decimating effects of a civil war and, within two decades, create an economic infrastructure that was unlike anything else the state had ever seen. Although agriculture never left and the greatest production of cotton was to come after the war, industry clearly left its mark on Alabama. This transformation is visible today in places like

Sloss Furnaces, Tannehill Ironworks and Brierfield State Parks.

READING CHECK:

“Alabama: The New South”

1. What began happening in the late 1880s to make Birmingham competitive with

Pittsburgh?

2. Name three historic iron-making sites in the Birmingham region.

3. What was the state’s leading industry in 1860?

4. Why was iron so important to Confederate interests?

5. In 1849, which Alabama city was the chief social and fi nancial center for the state?

6. What happened between 1881-1890 to transform the South?

7. What are the three time periods of Alabama history?

8. Explain why a certain region is called the Southern Black Belt.

9. Why was the L&N Railroad important to iron production in the early 1900s?

10. What historic event decimated Alabama’s economy?

ANSWER KEY:

“Alabama: The New South”

1. More new blast furnace companies opened in Birmingham than any other region in the

US (outside Pittsburgh) during that time.

2. Sloss Furnaces, Tannehill Ironworks and Brierfi eld State Park

3. Cotton gin manufacturing

4. Iron was important to make the arms needed to defend the South’s agricultural based

economy.

5. Mobile

6. 180 new railroad companies began operations in the South, favorable business conditions

existed, and the availability of untapped mineral resources altered the economy.

7. The Antebellum, Civil War/Reconstruction and the Redemption Periods

8. It was called the Black Belt because of the high number of slave holding farms

(plantations) that existed in this region, as well as refer to its rich dark soil.

9. The L&N Railroad carried a signifi cant amount of iron ore, coal and pig iron.

10. The Civil War

More information on manufacturing in Alabama

http://ca.encarta.msn.com/encyclopedia_761576470_3/Alabama_(state).html
From the early 19th century, Alabama’s economy was dominated by one crop—cotton. After 1915, however, the boll weevil, a beetle that infests cotton plants, so damaged the state’s cotton crop that farmers began to concentrate on raising livestock and crops other than cotton. Manufacturing began to be important to Alabama with the growth of the iron and steel industry during the early 20th century. Beginning in the 1930s low-cost power provided by the Tennessee Valley Authority (TVA), a federal agency, encouraged industrial development. In the late 1990s manufacturing remained the dominant economic sector. Also significantly contributing to Alabama’s gross product were the government and service sectors.
Alabama had a work force of 2,162,000 in 2005. The largest share of the jobs—33 percent—was in the service occupations, such as computer programming or catering. Another 18 percent of the workers were employed in wholesale or retail trade; 18 percent in manufacturing; 15 percent in federal, state, or local government, including those in the military; 5 percent in construction; 5 percent in transportation or public utilities; 31 percent in finance, insurance, or real estate; 2 percent in farming (including agricultural services), forestry, or fishing; and just 0.4 percent in mining. In 2005, 10 percent of Alabama’s workers were unionized.
http://ca.encarta.msn.com/encyclopedia_761576470_5/Alabama_(state).html
Manufacturing contributes more to personal income and more to the gross state product than any other economic sector in Alabama. In terms of the value added by manufacture, the leading industry in the state in 1996 was the manufacture of paper and associated products, with the leading employers in the sector being paper and pulp mills, producers of sanitary paper products, and firms making corrugated boxes. Other leading industries were chemical manufacturers, including those making chemicals for agriculture and other industries, organic fibers, and paints; primary metal manufacturers, including iron foundries, blast furnaces, and steel mills; firms making aluminum sheets and plates, and copper rolling mills; and textile mills, making woven cloths and yarns. Industries also employing a large number of Alabama residents are meatpackers; manufacturers of men’s and boys’ apparel; makers of vehicle tires; producers of motor vehicle parts; and lumber mills.
The Birmingham area accounts for a significant portion of the manufacturing income and employment in Alabama. The production of iron and steel and the fabrication of cast-iron pipe and of metal valves and fittings are the area’s leading industries. Beginning in the late 1970s, the area’s iron and steel industry, buffeted by national economic recessions and foreign competition, suffered a tremendous decline. Many steel mills were closed permanently, and thousands of workers lost their jobs. However, some of the decline in the iron and steel industry was offset by growth in the fabricated metals industry.
Huntsville has been the center for many developments in U.S. missile manufacturing. The United States Army’s Redstone Arsenal and the National Aeronautics and Space Administration’s George C. Marshall Space Flight Center are in the Huntsville area. Reduced government spending on aerospace activities in the 1970s led the city to seek economic diversity. By the early 1990s, Huntsville had attracted almost 100 new manufacturing firms, many of them engaged in high-technology areas such as computer electronics.
Mobile is an important center for the manufacture of paper products and chemicals. Its chemical industry produces fertilizer, paint, and varnish. Ship repair is also significant in the Mobile area.
http://ca.encarta.msn.com/encyclopedia_761576470_12/Alabama_(state).html
By 1900 iron and steel were the most important industries in the state. United States Steel Corporation moved into the Birmingham district in 1907, indicating its national significance. Lumbering and turpentine production also became important. Industrial growth was due in large part to the building of railroads. The value of the state’s few rail lines had come to be fully appreciated in the Civil War, when starvation was widespread because food produced in the Black Belt could not be transported into the hill country and other areas not served by navigable rivers. After the war, the Reconstruction government was determined to construct railroads, especially through the mineral district. The South also had come to appreciate an industrial economy. The coal, iron ore, and limestone deposits in Jefferson County, which had long been known but ignored, were now exploited. As railroads opened up the hill country, new towns based on industry—Birmingham, Anniston, Gadsden, and Fort Payne—grew into cities.
During World War I (1914-1918) industrial and agricultural production in Alabama expanded to meet wartime needs. Mobile for a while became an important shipbuilding city despite the shallowness of Mobile Bay. The federal government spent millions of dollars clearing and keeping open the 58-km (36.5-mi) ship channel from Mobile to the Gulf of Mexico.
Economic expansion continued through the 1920s but was temporarily halted by the Great Depression of the 1930s. Alabama’s delegation in Congress, which had much seniority and legislative experience, provided leadership for the economic recovery programs of the New Deal of President Franklin D. Roosevelt (1933-1945). These federal programs helped ease poverty in Alabama and diversify the state’s economy. One of the most important was the Tennessee Valley Authority (TVA), which provided agricultural research (especially in improvement of fertilizers), reforestation, flood control, dam building, and hydroelectric power.
South Alabama’s mild climate and flat, gently rolling countryside made it attractive for military bases and airfields. Military expenditures during World War II stimulated economic expansion and provided civilian jobs. Mobile again became an important shipbuilding center, and the Birmingham steel plants geared up for war production.
Alabama’s economic base continued to diversify after World War II. Beginning in the 1950s, the U.S. spaceflight program at Redstone Arsenal and George C. Marshall Space Flight Center made Huntsville a leading aerospace center. Birmingham’s economy, which had depended heavily on the iron and steel industries and blue-collar labor, saw growth in medical services, insurance, manufacturing, and engineering. Labor unions became less important, but not before wages increased. Alabama farmers turned to cattle, timber, soybeans, peanuts, and chickens, while cotton production fell. Through the 1970s, the rural population and the number of farms decreased as people moved to urban areas. The remaining farms were mostly large agribusinesses.
http://www.britannica.com/ebi/article-196113
Manufacturing

Before World War II the value of manufacturing in Alabama was less than a quarter of a billion dollars a year. By 1947 it had more than tripled. By the late 1980s it had reached more than 18 1/2 billion dollars a year, having increased by about 10 billion dollars in the ten-year period from 1977 to 1987. 
Today Alabama has more than 5,000 manufacturing establishments that employ some 350,000 workers. The growth and diversification of industry since the late 1940s has been reflected in a dispersion of workers among more industry groups. In 1947 three traditional industries—textiles, primary metals, and lumbering—accounted for 62 percent of manufacturing employment. Now the six most valuable industries—paper and allied products, chemicals, primary metals, textiles, industrial machinery, and rubber goods—account for slightly more than half of manufacturing employment. 
The primary metals industry is centered in the Birmingham district, which contains most of the resources necessary for the manufacture of iron, steel, and aluminum. The abundant supply of these metals was responsible for Alabama's metal fabrication industry. Textile mills developed because of the hydroelectric power plants on the Tennessee River and on streams in the Piedmont Plateau. The ready availability of fabrics fostered an extensive wearing-apparel industry. Other industries include food processing, machinery, and electronics. The state's forests provide raw materials for the manufacture of lumber and wood, furniture, the most valuable industry, paper and paper products.

http://www.infoplease.com/ce6/us/A0856532.html
Industrialization
The railroads built during Reconstruction were a major impetus to the industrialization of Alabama's economy. Birmingham was founded in 1870, and its first blast furnace began operations in 1880. The cotton textile industry developed in the 1880s. At that time farming was still dominant, and the fortunes of the state rose and fell with the market price of cotton. Constant use and erosion, however, began to exhaust the land.

Diversification of crops, much advocated in the 20th cent., was accelerated in 1915 when the boll weevil invaded the cotton fields and the demand during World War I brought high prices for food crops. The Great Depression and the agricultural program of President Franklin D. Roosevelt's New Deal caused more farmers to produce subsistence crops and took more land away from the wasting cotton culture. Beginning in the 1920s, there was a large migration of African Americans out of the state to northern manufacturing centers.
Industrialization was greatly increased during World War II with the appearance of factories producing machines, munitions, powder, and other war supplies. Huntsville became a center for rocket research, and its population more than quadrupled between 1950 and 1960. Industrialization and commerce increased throughout the state. Adding impetus to that growth was an ambitious development program of Alabama's inland waterways to provide cheap water transportation, more hydroelectric power, and flood-control measures.

http://www.shgresources.com/al/history/
In the 1860s and 1870s, 10 to 15 percent of the entire white population of Alabama migrated, with a third of these migrants going to Texas. Railroads were completed across the state in the 1870s, leading to the industry of mining of Alabama's rich mineral deposits of coal, iron ore, and limestone. By 1880, steel, iron, lumber, and textile industries were rapidly expanding.
In 1915 the boll weevil devastated the state's one crop cotton economy, forcing a diversification in agriculture.  FDR's New Deal touched the northern part of the state as the creation of the Tennessee Valley Authority (TVA) brought work to the northern part of the state during the deepest darkest hours of the Depression.  The construction of locks and dams along the Tennessee River brought commercial barge navigation, as well as electricity, to the rural areas along the river.
Alabama's industry and commerce grew with the United States' entry into World War I. Agricultural production increased, and a significant growth in Mobile's shipbuilding industry led to increased foreign trade. During the Great Depression, Alabamians suffered new financial hardships. The Tennessee Valley Authority, established in 1933 by the federal government, developed dams and power plants on the Tennessee River for inexpensive electricity, boosting Alabama's industrial growth.

World War II led to expansion of the state's agricultural and industrial production, and installation of several military training sites, including Redstone Arsenal in Huntsville —which launched the United States into the space age.
During the 1950s and 1960s, agriculture and industry became more diversified, requiring fewer agricultural workers who were forced to seek employment in urban areas outside the state. Alabama faced serious racial questions during the time period.  When Rosa Parks refused to give up her seat on a Montgomery bus, the 381-day bus boycott brought the Civil Rights movement to the front page of newspapers across the country.

http://www.city-data.com/us-cities/The-South/Birmingham-History.html
With the expansion of the railroads, what had once been farms and woods became a boomtown, its population growing from 1,200 people in 1871 to 4,000 people in 1873. By 1875, however, after a cholera epidemic and other setbacks, the city's population had dropped back to 1,200 people. Birmingham expanded again in 1880 when the Pratt mining operation began making coke. Two coke furnaces went into blast that year, and by 1885, the population was 25,000 people. Birmingham was growing, and it was beginning to experience some big-city problems, such as crime and disease (particularly typhoid, dysentery, and tuberculosis). The 1890s marked the founding of Birmingham-Southern College, the Mercy Home, and St. Vincent's Hospital, but it was also a decade torn by violence stemming from dangerous mine and foundry conditions and conflicts between union organizers and mine owners.
After January 1, 1900, when the first commercial shipment of steel was made, rolling mills and other factories producing finished steel products began operating in Birmingham. Labor troubles continued in the new century, and the city was plagued with corrupt government officials, vice, and gambling. But Birmingham was growing in positive ways as well. A new model town of Corey, planned by U.S. Steel, was developed by private business, and eight suburbs were incorporated into the city, doubling its population. In October 1921, the city celebrated its fiftieth birthday with four days of festivities, including a visit by U.S. President Warren G. Harding and his wife. On a crest of prosperity that followed World War I, new apartment buildings, hotels, business facilities, and homes went up in Birmingham. During the 1920s, however, the secret white-supremacist organization, the Ku Klux Klan, gained considerable influence in the city; harassment, floggings, and unexplained violence against African Americans were unofficially tolerated by local authorities. As a one-industry town, Birmingham was devastated when the Great Depression of the 1930s reduced demand for iron and steel products; it was quickly deemed "the hardest hit city in the nation" by President Hoover's administration. 
Birmingham was slow to recover from the Depression, although the federal government poured more than $350 million into the area in an attempt to stimulate the economy. The Works Progress Administration (WPA) tended to Birmingham's streets and parks, and among its projects was the restoration of the city's statue of Vulcan, the Roman god of the forge. The statue was removed from the fairgrounds and placed atop a pedestal on Red Mountain, where it still stands today. Gradually the city began to recover, and by the time World War II was declared in Europe, Birmingham's manufacturing plants were busy preparing for an all-out war effort. 
http://www.glencoe.com/sec/socialstudies/alabama_online/alabama_history.html
Growth and Development

The history of Alabama shows that its economy, like most Southern states, was largely based on agriculture until the mid-1900s. The famous “Black Belt” in the center of the state was known for its cotton plantations. The term “Black Belt” is used to describe the southern cotton-growing regions, defined by the color of the soil and for the enslaved workers who worked the fields. The Civil War caused much destruction throughout Alabama, and the state was slow to recover afterwards. The farming practice of sharecropping kept many residents in poverty for decades. The Depression hurt the cotton industry further. 
However, Alabama grew stronger during the twentieth century. Two world wars contributed to increased industrialization across the state. The federal and state governments built many roads, canals, and electric lines that helped bring Alabama into the modern era. Organizations like the Tennessee Valley Authority brought electricity into millions of homes throughout Alabama. 


Modern Alabama

During the twentieth century, coal mines and steel mills began to contribute to Alabama’s economy. The increasing industrialization of Alabama has made the state’s economy depend more on manufacturing and other modern industries. Alabama now exports billions of dollars of non-agricultural goods. To accompany the state’s economic successes, the state has also enjoyed population growth above the national average. 

	MODULE C – THE AUTOMOTIVE MANUFACTURING PROCESS

	MODULE DESCRIPTION:  This module is designed to introduce the students to many of the related terms and concepts of automotive manufacturing.  The students will also see how the automotive manufacturing process functions from a macro level.


OUTLINE

· Parts production

· Raw materials

· Tier Suppliers

· Casting

· Machining

· Injection moulding

· Stamping

· Tool and die 

· Paint and coating

· Welding

· OEMs

· Production methods

· Quality

· ISO 9000

· QS 9000

· TS 16949

· Personnel 

· Ethics

· Accountability

· Team work

· Manufacturing Strategies

· TPM

· Lean

· Theory of constraints

· Flexible manufacturing

http://diecasting.org/faq/
Casting
Introduction
Die casting is a versatile process for producing engineered metal parts by forcing molten metal under high pressure into reusable steel molds. These molds, called dies, can be designed to produce complex shapes with a high degree of accuracy and repeatability. Parts can be sharply defined, with smooth or textured surfaces, and are suitable for a wide variety of attractive and serviceable finishes.

Die castings are among the highest volume, mass-produced items manufactured by the metalworking industry, and they can be found in thousands of consumer, commercial and industrial products. Die cast parts are important components of products ranging from automobiles to toys. Parts can be as simple as a sink faucet or as complex as a connector housing.
History
The earliest examples of die casting by pressure injection - as opposed to casting by gravity pressure - occurred in the mid-1800s. A patent was awarded to Sturges in 1849 for the first manually operated machine for casting printing type. The process was limited to printer’s type for the next 20 years, but development of other shapes began to increase toward the end of the century. By 1892, commercial applications included parts for phonographs and cash registers, and mass production of many types of parts began in the early 1900s.

The first die casting alloys were various compositions of tin and lead, but their use declined with the introduction of zinc and aluminum alloys in 1914. Magnesium and copper alloys quickly followed, and by the 1930s, many of the modern alloys still in use today became available.

The die casting process has evolved from the original low-pressure injection method to techniques including high-pressure casting — at forces exceeding 4500 pounds per square inch — squeeze casting and semi-solid die casting. These modern processes are capable of producing high integrity, near net-shape castings with excellent surface finishes. 
The Future
Refinements continue in both the alloys used in die casting and the process itself, expanding die casting applications into almost every known market. Once limited to simple lead type, today’s die casters can produce castings in a variety of sizes, shapes and wall thicknesses that are strong, durable and dimensionally precise.

	[image: image1.jpg]




	A magnesium seat pan shows how complex, lightweight die cast components can improve production by replacing multiple pieces.
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The Advantages of Die Casting
Die casting is an efficient, economical process offering a broader range of shapes and components than any other manufacturing technique. Parts have long service life and may be designed to complement the visual appeal of the surrounding part. Designers can gain a number of advantages and benefits by specifying die cast parts.

High-speed production - Die casting provides complex shapes within closer tolerances than many other mass production processes. Little or no machining is required and thousands of identical castings can be produced before additional tooling is required.

Dimensional accuracy and stability - Die casting produces parts that are durable and dimensionally stable, while maintaining close tolerances. They are also heat resistant.

Strength and weight - Die cast parts are stronger than plastic injection moldings having the same dimensions. Thin wall castings are stronger and lighter than those possible with other casting methods. Plus, because die castings do not consist of separate parts welded or fastened together, the strength is that of the alloy rather than the joining process.

Multiple finishing techniques - Die cast parts can be produced with smooth or textured surfaces, and they are easily plated or finished with a minimum of surface preparation.

Simplified Assembly - Die castings provide integral fastening elements, such as bosses and studs. Holes can be cored and made to tap drill sizes, or external threads can be cast. 
Die Casting Process
The basic die casting process consists of injecting molten metal under high pressure into a steel mold called a die. Die casting machines are typically rated in clamping tons equal to the amount of pressure they can exert on the die. Machine sizes range from 400 tons to 4000 tons. Regardless of their size, the only fundamental difference in die casting machines is the method used to inject molten metal into a die. The two methods are hot chamber or cold chamber. A complete die casting cycle can vary from less than one second for small components weighing less than an ounce, to two-to-three minutes for a casting of several pounds, making die casting the fastest technique available for producing precise non-ferrous metal parts.

Die Casting vs. Other Processes
Die casting vs. plastic molding - Die casting produces stronger parts with closer tolerances that have greater stability and durability. Die cast parts have greater resistance to temperature extremes and superior electrical properties.

Die casting vs. sand casting - Die casting produces parts with thinner walls, closer dimensional limits and smoother surfaces. Production is faster and labor costs per casting are lower. Finishing costs are also less.

Die casting vs. permanent mold - Die casting offers the same advantages versus permanent molding as it does compared with sand casting.

Die casting vs. forging - Die casting produces more complex shapes with closer tolerances, thinner walls and lower finishing costs. Cast coring holes are not available with forging.

Die casting vs. stamping - Die casting produces complex shapes with variations possible in section thickness. One casting may replace several stampings, resulting in reduced assembly time.

Die casting vs. screw machine products - Die casting produces shapes that are difficult or impossible from bar or tubular stock, while maintaining tolerances without tooling adjustments. Die casting requires fewer operations and reduces waste and scrap.

Choosing the Proper Alloy
Each of the metal alloys available for die casting offer particular advantages for the completed part.

Zinc - The easiest alloy to cast, it offers high ductility, high impact strength and is easily plated. Zinc is economical for small parts, has a low melting point and promotes long die life.

Aluminum - This alloy is lightweight, while possessing high dimensional stability for complex shapes and thin walls. Aluminum has good corrosion resistance and mechanical properties, high thermal and electrical conductivity, as well as strength at high temperatures.

Magnesium - The easiest alloy to machine, magnesium has an excellent strength-to-weight ratio and is the lightest alloy commonly die cast.

Copper - This alloy possesses high hardness, high corrosion resistance and the highest mechanical properties of alloys cast. It offers excellent wear resistance and dimensional stability, with strength approaching that of steel parts.

Lead and Tin - These alloys offer high density and are capable of producing parts with extremely close dimensions. They are also used for special forms of corrosion resistance.

Die Construction
Dies, or die casting tooling, are made of alloy tool steels in at least two sections, the fixed die half, or cover half, and the ejector die half, to permit removal of castings. Modern dies also may have moveable slides, cores or other sections to produce holes, threads and other desired shapes in the casting. Sprue holes in the fixed die half allow molten metal to enter the die and fill the cavity. The ejector half usually contains the runners (passageways) and gates (inlets) that route molten metal to the cavity. Dies also include locking pins to secure the two halves, ejector pins to help remove the cast part, and openings for coolant and lubricant. 

When the die casting machine closes, the two die halves are locked and held together by the machine’s hydraulic pressure. The surface where the ejector and fixed halves of the die meet and lock is referred to as the "die parting line." The total projected surface area of the part being cast, measured at the die parting line, and the pressure required of the machine to inject metal into the die cavity governs the clamping force of the machine.

Die Casting Dies Have Four Basic Functions

· Hold molten metal in the shape of the desired casting.

· Provide a means for molten metal to get to a space where it will be held to the desired shape.

· Remove heat from the molten metal and to allow the metal to solidify.

· To provide for the removal of the casting.

There are four types of dies:

1. Single cavity to produce one component

	[image: image3.png]]

Single-Cavity Die






2. Multiple cavity to produce a number of identical parts
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3. Unit die to produce different parts at one time
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4. Combination die to produce several different parts for an assembly.

Hot Chamber Machines
Hot chamber machines are used primarily for zinc, copper, magnesium, lead and other low melting point alloys that do not readily attack and erode metal pots, cylinders and plungers. The injection mechanism of a hot chamber machine is immersed in the molten metal bath of a metal holding furnace. The furnace is attached to the machine by a metal feed system called a gooseneck. As the injection cylinder plunger rises, a port in the injection cylinder opens, allowing molten metal to fill the cylinder. As the plunger moves downward it seals the port and forces molten metal through the gooseneck and nozzle into the die cavity. After the metal has solidified in the die cavity, the plunger is withdrawn, the die opens and the casting is ejected.

Cold Chamber Machines
Cold chamber machines are used for alloys such as aluminum and other alloys with high melting points. The molten metal is poured into a "cold chamber," or cylindrical sleeve, manually by a hand ladle or by an automatic ladle. A hydraulically operated plunger seals the cold chamber port and forces metal into the locked die at high pressures.

High Integrity Die Casting Methods
There are several variations on the basic process that can be used to produce castings for specific applications. These include:

Squeeze casting - A method by which molten alloy is cast without turbulence and gas entrapment at high pressure to yield high quality, dense, heat treatable components.
Semi-solid molding - A procedure where semi-solid metal billets are cast to provide dense, heat treatable castings with low porosity.
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Automation and Quality Control

Modern die casters use a number of sophisticated methods to automate the die casting process and provide continuous quality control. Automated systems can be used to lubricate dies, ladle metal into cold chamber machines and integrate other functions, such as quenching and trimming castings. Microprocessors obtain metal velocity, shot rod position, hydraulic pressure and other data that is used to adjust the die casting machine process, assuring consistent castings shot after shot. These process control systems also collect machine performance data for statistical analysis in quality control

Die Casting Design
Die casting is one of the fastest and most cost-effective methods for producing a wide range of components. However, to achieve maximum benefits from this process, it is critical that designers collaborate with the die caster at an early stage of the product design and development. Consulting with the die caster during the design phase will help resolve issues affecting tooling and production, while identifying the various trade-offs that could affect overall costs.
For instance, parts having external undercuts or projections on sidewalls often require dies with slides. Slides increase the cost of the tooling, but may result in reduced metal use, uniform casting wall thickness or other advantages. These savings may offset the cost of tooling, depending upon the production quantities, providing overall economies.
Many sources are available for information on die casting design, including textbooks, technical papers, trade journals and professional associations. While this section is not intended to provide a comprehensive review of all the factors involving die casting design, it will highlight some of the primary considerations. Additional sources of information are listed in the "Resources" section of this brochure.

Alloy Properties One of the first steps in designing a die cast component is choosing the proper alloy. Typical properties for the most commonly used alloys are shown on the linked charts.
Comparing Materials
The cost of materials is another important design consideration. Accurate comparisons require looking beyond the cost per pound or cost per cubic inch to fully analyze the advantages and disadvantages of each competing process. For instance, the relatively greater strength of metals generally allows thinner walls and sections and consequently requires fewer cubic inches of material than plastics for a given application.

Machining
http://www.roymech.co.uk/Useful_Tables/Manufacturing/Machining.html
Drilling Process

The drilling machine (drill press) is a single purpose machine for the production of holes.   Drilling is generally the best method of producing holes.   The drill is a cylinderical bar with helical flutes and radial cutting edges at one end.  The drilling operation simply consist of rotating the drill and feeding it into the workpiece being drilled. 

The process is simple and reasonably accurate and the drill is easily controlled both in cutting speed and feed rate.  The drill is probably one of the original machining processes and is the most widely used.
Lathe
The lathe is available in many forms as listed below.  All lathes are based upon the centre lathe as shown in the figure below; The basic operations that can be carried out on lathes include:-Turning, Facing, Boring, Drilling, Reaming, Counterboring, Countersinking, Threading, Knurling and Parting.

Types of Lathes 

1. Centre lathes 

· Engine lathes 

· Bench lathes 

· Toolroom lathes 

· Speed lathes 

· Duplicating lathes 

· Production lathes 

· Vertical lathes 

2. Capstan/Turret lathes 

3. Automatic lathes 

Milling Machines

A milling machine is a machine tool that cuts metal with a multiple-tooth cutting tool called a milling cutter.  the workpiece is fastened to the milling machine table and is fed against the revolving milling cutter.   the milling cutters can have cutting teeth on the periphery or sides or both.  the cutting teeth can be straight or spiral.

Milling machines can be classified under three main headings:.. 

1. General Purpose machines - these are mainly the column and knee type (horizontal & vertical machines) 

2. High Production types with fixed beds- (horizontal types) 

3. Special Purpose machines such as duplicating, profiling, rise and fall , rotary table ,planetary and double end types 

Milling attachments can also be fitted to other machine tools including lathes planing machines and drill bench presses can be used with milling cutters.
Grinding 
The grinding process is used to produce a high surface finish with a close tolerance and for machining hard materials.  The process is a variation of polishing using abrasive materials held together by an adhesive generally in the form of a solid wheel.   The wheel is rotated at high speeds and the circumferential surface of the rotating wheel is brought into contact with the material being machined. 

Reasons for grinding: 

1. Removal of surplus material 

2. Production of high quality surface finishes 

3. Machining very hard materials 

The two main abrasives used for grinding wheels are 

· Aluminium Oxide (for use on materials with a high tensile strength. 

· Silicon Carbide (for use on materials with a low tensile strength 

The grinding wheel variables including: abrasive material, bonding material, abrasive particle size etc are selected depending on: required surface finish, metal removal rate, material, wheel speed etc. 

Planing

Planing is used for the production of flat surfaces.  The workpiece is clamped onto the worktable and the worktable is reciprocated while the tool is held stationary.  The tool is only moved to provide a feed when the workpiece is moving on the return stroke.

The worktable moves on hardened ways and is designed for large size work.   

As the tool post and the bedplate are designed to be very rigid the planer can take very heavy cuts and can machine very accurately. (0,5mm to 0,075mm).

The largest length of workpiece is limited by the table stroke and the largest section is limited by the size of the toolhead.   The width of worktable can be up to 2,5m and the length of strokecan be up to 7m.
Saws
There are a number of types of saw

Machine designed to use a serrated-tooth blade to cut metal or other material.   Comes in a wide variety of styles, but takes one of four basic forms: 

1. Hacksaw (a simple, rugged machine that uses a reciprocating motion to part metal or other material); 

2. Cold or circular saw (powers a circular blade that cuts structural materials); 

3. Bandsaw (runs an endless band; the two basic types are cutoff and contour Band machines, which cut intricate contours and shapes); 

4. Abrasive cutoff saw (similar in appearance to the cold saw, but uses an abrasive disc that rotates at high speeds rather than a blade with serrated teeth). 

Injection Moulding
http://www.answers.com/topic/injection-moulding
Injection moulding (United States Injection Molding) is a manufacturing technique for making parts from thermoplastic material. Molten plastic is injected at high pressure into a mold, which is the inverse of the desired shape. The mold is made by a moldmaker (or toolmaker) from metal, usually either steel or aluminium, and precision-machined to form the features of the desired part. Injection moulding is very widely used for manufacturing a variety of parts, from the smallest component to entire body panels of cars. It is the most common method of production, with some commonly made items including bottle caps and outdoor furniture.

The most commonly used thermoplastic materials are polystyrene (low-cost, lacking the strength and longevity of other materials), ABS or acrylonitrile butadiene styrene (a co-polymer or mixture of compounds used for everything from Lego parts to electronics housings), nylon (chemically resistant, heat-resistant, tough and flexible - used for combs), polypropylene (tough and flexible - used for containers), polyethylene, and polyvinyl chloride or PVC (more common in extrusions as used for pipes, window frames, or as the insulation on wiring where it is rendered flexible by the inclusion of a high proportion of plasticiser).

Mould
Considerable thought is put into the design of moulded parts and their moulds, to ensure that the parts will not be trapped in the mould, that the moulds can be completely filled before the molten resin solidifies, to compensate for material shrinkage, and to minimize imperfections in the parts, which can occur due to peculiarities of the process.

Moulds separate into at least two halves (called the core and the cavity) to permit the part to be extracted; in general the shape of a part must be such that it will not be locked into the mould. For example, sides of objects typically cannot be parallel with the direction of draw (the direction in which the core and cavity separate from each other). They are angled slightly; examination of most household objects made from plastic will show this aspect of design, known as draft. Parts that are "bucket-like" tend to shrink onto the core while cooling and, after the cavity is pulled away, are typically ejected using pins. Parts can be easily welded together after moulding to allow for a hollow part (like a water jug or doll's head) that couldn't physically be designed as one mould.

More complex parts are formed using more complex moulds, which may require moveable sections, called slides, which are inserted into the mould to form particular features that cannot be formed using only a core and a cavity, but are then withdrawn to allow the part to be released. Some moulds even allow previously moulded parts to be re-inserted to allow a new plastic layer to form around the first part. This system can allow for production of fully tyred wheels.

The core and cavity together along with injection and cooling hoses form the mould tool. While sizeable tools are very heavy, they can be hoisted into suitably-sized moulding machines for production and removed when moulding is complete or the tool needs repairing or polishing.

The resin, or raw material for injection moulding, is usually in pellet or granule form, and is melted by heat and shearing forces shortly before being injected into the mould. The channels through which the plastic flows toward the chamber will also solidify, forming an attached frame. This frame is composed of the sprue, which is the main channel from the reservoir of molten resin, parallel with the direction of draw, and runners, which are perpendicular to the direction of draw, and are used to convey molten resin to the gate(s), or point(s) of injection. The sprue and runner system can be cut or twisted off and recycled sometimes after granulation right next to the mould machine. Some moulds are designed such that it is automatically stripped from the part through action of the mould.

The quality of the moulded part depends on the quality of the mould, the care taken during the moulding process, and upon details of the design of the part itself. It is essential that the molten resin be at just the right pressure and temperature, so that it flows easily to all parts of the mould. The parts of the mould must also come together extremely precisely, otherwise small leakages of molten plastic can form, a phenomenon known as flash which requires extra labour to trim by hand. When filling a new or unfamiliar mould for the first time, where shot size for that particular mould is unknown, a technician should reduce the shot size and nozzle pressure so that the mould fills 90-95%, thus creating a "short shot". Then, using that now-known shot volume, pressure can be raised without fear of damaging the mould. Sometimes factors such as venting, temperature, and resin moisture content, can effect the formation of flash as well.

Other common problems with plastics moulded by injection include surface defects, short shots, stress lines, flow lines, and silvering. The latter is caused by moisture in the resin and can be alleviated by keeping raw material in a dry location or by drying it in an oven before use.

Traditionally, moulds have been very expensive to manufacture; therefore, they were usually only used in mass production where thousands of parts are being produced. Moulds are typically constructed from hardened steel or aluminium. The choice of material to build a mould is primarily one of economics. Steel moulds generally cost more to construct, but their longer lifespan will offset the higher initial cost over a higher number of parts made in the mould before wearing out. Aluminium moulds can cost substantially less, and when designed and machined with modern computerized equipment, can be economical for moulding hundreds or even tens of thousands of parts.

The cost of manufacturing labour will depend on whether the mould tool makes many impressions of the same part (think of plastic wall plugs still stuck to the plastic stem), or even different parts (often a left and right hand version). In these cases, during the cycle time of the moulding machine (the period where the injection occurs and the mouldings are released) output can be two or more times faster than wit a single impression tool. The arrangement of plastic mouldings within a multi-impression mould tool is called the cavitation. A two impression tool can be described as "2 impression" if both parts are the same, or as "1+1" if two different parts are produced. For multi-impression tools, consideration should also be given to whether sprues can be separated automatically from the saleable parts which can then fall directly into their eventual packaging with little intervention by a machine operator.

The process of Spark erosion has become widely used in mould making. As well as allowing difficult shapes to be formed by first machining the inverse, the process allows pre-hardened moulds to be shaped so that no heat treatment is required. Changes to a hardened mould by conventional drilling and milling normally require annealing to soften the steel, followed by heat treatment to harden it again. Spark erosion is a simple process in which a metal shape, often made of copper or graphite, is very slowly lowered onto the mould (over a period of many hours), which is immersed in parafin oil. A voltage applied between tool and mould causes sparking at the closest point, and consequent erosion.

Injection Process

Heated plastic is forced under pressure into a mould cavity; it is then clamped together and solidifies into the shape of the mould creating the part.

Resin pellets are poured into the Feed hopper, a large open bottomed container, which feeds the granules down to the screw. The screw is turned by hydraulic or electric motor that turns the screw feeding the pellets up the screw's grooves. The depths of the screw flights decreases towards the end of the screw nearest the mold. As the screw rotates, the pellets are moved forward in the screw and they undergo extreme pressure and friction which generates most of the heat needed to melt the pellets. Heaters on either side of the screw assist in the heating and temperature control around the pellets during the melting process. The screw travel limit switches set the distance the screw moves.

The hydraulic system pumps oil from the oil tank to firmly close the male and female mold parts, that run along the tie bar; the liquid resin is then injected into the mould. Since the molds are clamped shut by the hydraulics, the heated plastic is forced under the pressure of the injection screw to take the shape of the mold. Some machines are run by electric motors instead of hydraulics or a combination of both. The water-cooling channels then assist in cooling the mould and the heated plastic solidifies into the part. Improper cooling can result in a distorted moulding or even one that is burnt. The cycle is completed when the mold opens and the part is ejected with the assistance of ejector pins within the mold. You can sometimes see these ejector marks as slightly indented circles on a plastic part.

History

In 1868, John Wesley Hyatt became the first to inject hot celluloid into a mold, producing billiard balls. He and his brother Isaiah patented an injection molding machine that used a plunger in 1872, and the process remained more or less the same until 1946, when James Hendry built the first screw injection molding machine, revolutionizing the plastics industry. Roughly 95% of all molding machines now use screws to efficiently heat, mix, and inject plastic into molds.

Stamping
http://www.bls.gov/oco/ocos225.htm
Pressworking (i.e. stamping, cutting, bending and drawing)

Pressworking describes a wide variety of methods for working with cold or moderately warm (i.e. below the melting temperature) materials. 

The three most common tools used in pressworking are the punchpress or press, the brake, and the shear. 

A. Stamping with a punch press 

Stampings are produced by a machine called a press, or a punch press. A ram holding a punch is forced through the material into a die block. The combination of the punch and die block is often referred to as the die set. Presses range from manual presses that can be operated by one hand, to huge 2000 ton presses. 

Metal stampings are among the most versatile of the metal working processes. It is often possible to redesign parts originally made using forging or die casting into simpler lighter (and cheaper parts that can be fabricated using stamping processes.) 

A very wide variety of metals and plastics can be used for stamping. About the only restriction is that the material not be too brittle. Cold rolled steel, stainless steel, copper alloys, magnesium alloys, and soft-tempered aluminum alloys. One of the major advantages of stamping is that the material may be coated, painted, or a composite. 

Production speed on stamping is unbelievable. Small parts can be produced at 20+ parts per stroke at 10,000-20,000 strokes a minute. Even larger parts can be made far faster than in any other type of manufacturing. 

Advantages: 

· Unbelievably fast 

· Wide variety of materials 

· Reusable dies 

· Tolerances of 0.005" to are possible 

· Weights from a few grams to up to 100 lbs 

Disadvantages: 

· Die and stretch marks 

· Up to 25% scrap loss 

· Springback of metal parts to cold forming 

· Thickness range of 0.020" to 0.75" for stock 

B. Bending using a brake 

A device called press brake (or a brake) is used for making bends in materials. Brakes, like punches, come in size from simple tabletop units to huge systems weighing many tons. Brakes may simply bend metal against a set object (most common for the smaller units), or may use a die to set a particular bend radius. Examples of dies for brakes are shown below[19]. 




C. Cutting using a shear 

A shear uses a long straight die to cut metal. Shears, like brakes and punches, come in size from simple tabletop units to huge systems weighing many tons. Shears provide an advantage over other cutting techniques in that they leave a very clean edge. There is no flash or slagging. 

Tool and Die

	Significant Points


· Most tool and die makers train for 4 or 5 years in apprenticeships or postsecondary programs; employers typically recommend apprenticeship training. 

· Employment is projected to decline because of strong foreign competition and advancements in automation. 

· Excellent job opportunities are expected; employers in certain parts of the country report difficulty attracting well-trained applicants. 

	Nature of the Work
	[About this section]
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Tool and die makers are among the most highly skilled workers in manufacturing. These workers produce tools, dies, and special guiding and holding devices that enable machines to manufacture a variety of products we use daily—from clothing and furniture to heavy equipment and parts for aircraft.
Toolmakers craft precision tools and machines that are used to cut, shape, and form metal and other materials. They also produce jigs and fixtures (devices that hold metal while it is bored, stamped, or drilled) and gauges and other measuring devices. Die makers construct metal forms (dies) that are used to shape metal in stamping and forging operations. They also make metal molds for diecasting and for molding plastics, ceramics, and composite materials. Some tool and die makers craft prototypes of parts, and then, working with engineers and designers, determine how best to manufacture the part. In addition to developing, designing, and producing new tools and dies, these workers also may repair worn or damaged tools, dies, gauges, jigs, and fixtures.

To perform these functions, tool and die makers employ many types of machine tools and precision measuring instruments. They also must be familiar with the machining properties, such as hardness and heat tolerance, of a wide variety of common metals, alloys, plastics, ceramics, and other composite materials. As a result, tool and die makers are knowledgeable in machining operations, mathematics, and blueprint reading. In fact, tool and die makers often are considered highly specialized machinists. The main difference between tool and die makers and machinists is that machinists normally make a single part during the production process, while tool and die makers make parts and assemble and adjust machines used in the production process. (See the statement on machinists elsewhere in the Handbook.)

Traditionally, tool and die makers, working from blueprints, first must plan the sequence of operations necessary to manufacture the tool or die. Next, they measure and mark the pieces of metal that will be cut to form parts of the final product. At this point, tool and die makers cut, drill, or bore the part as required, checking to ensure that the final product meets specifications. Finally, these workers assemble the parts and perform finishing jobs such as filing, grinding, and polishing surfaces. While manual machining has declined, companies still employ it for some simple and low-quantity parts.

Most tool and die makers today use computer-aided design (CAD) to develop products and parts. Specifications entered into computer programs can be used to electronically develop blueprints for the required tools and dies. Numerical tool and process control programmers use computer-aided design or computer-aided manufacturing (CAD/CAM) programs to convert electronic drawings into CAM-based computer programs that contain instructions for a sequence of cutting tool operations. (See the statement on computer control programmers and operators elsewhere in the Handbook.) Once these programs are developed, computer numerically controlled (CNC) machines follow the set of instructions contained in the program to produce the part. Computer-controlled machine tool operators or machinists normally operate CNC machines; however, tool and die makers are trained in both operating CNC machines and writing CNC programs, and they may perform either task. CNC programs are stored electronically for future use, saving time and increasing worker productivity.

After machining the parts, tool and die makers carefully check the accuracy of the parts using many tools, including coordinate measuring machines (CMM), which use software and sensor arms to compare the dimensions of the part to electronic blueprints. Next, they assemble the different parts into a functioning machine. They file, grind, shim, and adjust the different parts to properly fit them together. Finally, the tool and die makers set up a test run using the tools or dies they have made to make sure that the manufactured parts meet specifications. If problems occur, they compensate by adjusting the tools or dies.

	Working Conditions
	[About this section]
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Tool and die makers usually work in toolrooms. These areas are quieter than the production floor because there are fewer machines in use at one time. They also are generally kept clean and cool to minimize heat-related expansion of metal workpieces and to accommodate the growing number of computer-operated machines. To minimize the exposure of workers to moving parts, machines have guards and shields. Most computer-controlled machines are totally enclosed, minimizing the exposure of workers to noise, dust, and the lubricants used to cool workpieces during machining. Tool and die makers also must follow safety rules and wear protective equipment, such as safety glasses to shield against bits of flying metal, earplugs to protect against noise, and gloves and masks to reduce exposure to hazardous lubricants and cleaners. These workers also need stamina because they often spend much of the day on their feet and may do moderately heavy lifting.
Companies employing tool and die makers have traditionally operated only one shift per day. Overtime and weekend work are common, especially during peak production periods.

	Training, Other Qualifications, and Advancement
	[About this section]
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Most tool and die makers learn their trade through 4 or 5 years of education and training in formal apprenticeships or postsecondary programs. Apprenticeship programs include a mix of classroom instruction and on-the-job-training. According to most employers these apprenticeship programs are the best way to learn all aspects of tool and die making. A number of tool and die makers receive most of their formal classroom training from community and technical colleges, often in conjunction with an apprenticeship program.
Traditional apprenticeship programs allowed workers to advance by completing a set number of hours of on-the-job-training and successfully completing specific courses. The National Institute of Metalworking Skills (NIMS) is developing new standards that would replace the required number of hours with competency-based tests. Whether competency tests will change the length of the traditional training process will probably depend upon the apprentice’s prior experience, dedication, and natural ability. However, the required training courses for a journeyman tool and die maker will continue to take 4-5 years to complete.

Even after completing the apprenticeship, tool and die makers still need years of experience to become highly skilled. Most specialize in making certain types of tools, molds, or dies.

Tool and die maker trainees learn to operate milling machines, lathes, grinders, wire electrical discharge machines, and other machine tools. They also learn to use handtools for fitting and assembling gauges, and other mechanical and metal-forming equipment. In addition, they study metalworking processes, such as heat treating and plating. Classroom training usually consists of tool designing, tool programming, blueprint reading, and, if needed, mathematics courses, including algebra, geometry, trigonometry, and basic statistics. Tool and die makers increasingly must have good computer skills to work with CAD/CAM technology, CNC machine tools, and computerized measuring machines.

Workers who become tool and die makers without completing formal apprenticeships generally acquire their skills through a combination of informal on-the-job training and classroom instruction at a vocational school or community college. They often begin as machine operators and gradually take on more difficult assignments. Many machinists become tool and die makers.

Because tools and dies must meet strict specifications—precision to one ten-thousandth of an inch is common—the work of tool and die makers requires skill with precision measuring devices and a high degree of patience and attention to detail. Good eyesight is essential. Persons entering this occupation also should be mechanically inclined, able to work and solve problems independently, have strong mathematical skills, and be capable of doing work that requires concentration and physical effort.

Employers generally look for someone with a strong educational background as an indication that the person can more easily adapt to change, which is a constant in this occupation. As automation continues to change the way tools and dies are made, workers regularly need to update their skills in order to learn how to operate new equipment. Also, as materials such as alloys, ceramics, polymers, and plastics are increasingly used, tool and die makers need to learn new machining techniques to deal with the new materials.

There are several ways for skilled workers to advance. Some move into supervisory and administrative positions in their firms or they may start their own shop. Others may take computer courses and become computer-controlled machine tool programmers. With a college degree, a tool and die maker can go into engineering or tool design.

	Employment
	[About this section]
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Tool and die makers held about 103,000 jobs in 2004. Most worked in industries that manufacture metalworking machinery, transportation equipment (such as motor vehicle parts and aerospace products), and fabricated metal products, as well as plastics product manufacturing. Although they are found throughout the country, jobs are most plentiful in the Midwest, Northeast, and West, where many of the metalworking industries are located.
	Job Outlook
	[About this section]
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Despite declining employment, excellent job opportunities are expected. Employers in certain parts of the country report difficulty attracting qualified applicants. The number of workers receiving training in this occupation is expected to continue to be fewer than the number of openings created each year by tool and die makers who retire or transfer to other occupations. A major factor limiting the number of people entering the occupation is that many young people who have the educational and personal qualifications necessary to learn tool and die making may prefer to attend college or may not wish to enter production occupations.
Employment of tool and die makers is projected to decline over the 2004-14 period because of strong foreign competition and advancements in automation, including CNC machine tools and computer-aided design, that should improve worker productivity. On the other hand, tool and die makers play a key role in building and maintaining advanced automated manufacturing equipment. As firms invest in new equipment, modify production techniques, and implement product design changes more rapidly, they will continue to rely heavily on skilled tool and die makers for retooling.

	Earnings
	[About this section]
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Median hourly earnings of tool and die makers were $20.55 in May 2004. The middle 50 percent earned between $16.70 and $25.93. The lowest 10 percent had earnings of less than $13.57, while the top 10 percent earned more than $31.19. Median hourly earnings in the manufacturing industries employing the largest numbers of tool and die makers in May 2004 are:
	Motor vehicle parts manufacturing
	$26.93

	Plastics product manufacturing
	20.17

	Forging and stamping
	20.09

	Metalworking machinery manufacturing
	19.82

	Machine shops; turned product; and screw, nut, and bolt manufacturing
	18.84


Apprentice’s pay is tied to their skill level. As they gain more skills and reach specific levels of performance and experience, their pay increases.
Painting and Coating

http://www.sea.org.uk/sea_page.aspx?id=203
The process of depositing a pigmented coating on the surface of an object by dipping, flow coating, conventional spraying, electrostatic spraying, electrocoating or powder coating.

Painting
With the exception of powder coating, the techniques involve the application of paint as a liquid Generally, all paint processes require curing to form a solid dry paint film. The curing is accomplished by air drying, or in ovens using gas, fuel oil, electricity, steam, infrared, ultraviolet or electron beams as the source of energy. Included in this group are the fluoropolymer coaters.

Dip Coating 
Accomplished by immersing the parts to be coated in a tank of paint with the excess paint draining back into the tank as the parts are withdrawn, followed by drying or baking.

Flow Coating 
Involves flowing paint over the object to be coated as it is held over a tank.

Conventional Spraying 
Compressed air is supplied to the spray gun and to the paint container. The pressurised air mixes with the liquid paint causing it to be atomised at the gun, and then propels the atomised paint from the gun nozzle to the object to be coated.

Electrostatic Spraying 
Electrostatically charged paint is directed by air and attracted to the grounded parts to be coated. The advantages include minimal overspray, and a 'wrap around' of the paint. This 'wrap around' occurs when paint is attracted to the back side of parts and coats sharp edges.

Electrocoating 
Similar to but not the same as electroplating, electrocoating or electrophoretic painting uses water based paints in a tank. The application of a high voltage between a cathode and the part to be painted (the anode) creates a negative charge on the paint particles These paint particles are attracted to the anode and are deposited as a film on a conductive object. This painting process is self-limiting and provides uniform and complete paint coverage on all surfaces.

Powder Coating 
One of the newest and most environmentally sound innovations in the industry. Applied electrostatically or by fluidised bed, these plastic coatings come in an unlimited range of colours. There are no volatile thinners used and all of the oversprayed materials are recovered and reused. The coatings are applied dry, melted, flowed, and fused, making a pin hole free finish for beauty, long wear, and superb corrosion protection.

http://www.p2pays.org/ref/01/00777/backgr.htm
Background
Simply stated—pollution prevention makes good business sense. Faced with the increasing costs and liabilities associated with end-of-pipe pollution control practices, many companies are turning to pollution prevention as a cleaner, safer and more cost-effective alternative.
EPA defines pollution prevention as any practice which reduces or eliminates the amount or toxicity of pollutants entering the waste stream or the environment prior to recycling, treatment or disposal. Pollution prevention includes such techniques as modification or redesign of processes; reformulation or redesign of products; product substitution; raw materials substitution; and improved maintenance, housekeeping and operating practices. 
Designed for technical assistance providers, this manual focuses on pollution prevention techniques for reducing emissions of volatile organic compounds (VOCs) from paint and coating processes, including reducing the amount of solvents used in coating formulations as well as in surface preparation and equipment cleaning. Most of the information contained in this manual relates to the coating of metal substrates used to manufacture metal containers, automobiles, machinery (including computers), metal furniture, appliances and other consumer goods.
This chapter presents the definitions of key terms, discusses uses for paints and coatings and provides general information on paint composition and coatings processes. It also provides examples of typical coating systems and discusses the sources of wastes in the coatings process, including the specific pollution problems that are the focus of this manual.
Definition of Terms
The following terms are used throughout the manual. These terms are often used to mean a variety of things. To clarify the use of the terms in this document, we have provided the following definitions.

Coating: This term refers only to organic or polymer coatings and their associated application techniques. In other words, although metal plating does perform the function of a coating (e.g., it improves appearance, corrosion resistance, abrasion resistance, and electrical or optical properties), this manual does not cover metal plating (i.e., zinc, aluminum, etc.) or related processes (i.e., electroplating, conversion coating, sputtering, ion plating, and plasma spraying). 
Solvent: This term generally refers to hydrocarbon-based or organic solvents only; that is, solvents made from petroleum that contain the chemical elements hydrogen and carbon. In other words, although water is a solvent in terms of function (i.e., it is a liquid capable of dissolving another substance), the use of the term solvent in this manual, for the most part, does not apply to water or other non-carbon compounds.

Uses for Paints and Coatings
Paint is a generic term typically used to identify a wide range of surface coating products, including conventional solvent-borne formulations, varnishes, enamels, lacquers and water-based systems. Normally, painting is a process where a liquid consisting of several components, when applied, dries to a thin plastic film. Traditionally, major constituents of these paints are solvents. However, non-liquid paints such as powder coatings and high solids paints have also been developed. These newer materials have led to the use of the term coating instead of the term paint. In general, the function of all paints and coatings is to provide an aesthetically pleasing colored and/or glossy surface, as well as to help metal and other substrates withstand exposure to both their environment and everyday wear and tear. 

Paints and coatings can be categorized according to their use into three major groups: 

· Architectural coatings include all shelf goods and stock type coatings that are formulated for normal environmental conditions and general applications on new and existing structures. These coatings include interior and exterior house paints and stains, as well as undercoaters, sealers and primers. 

· Product coatings are paints sold to and used by original equipment manufacturers (OEM). Paint consumers in this sector include producers of wood furniture and fixtures, metal containers, automobiles, machinery, metal furniture, metal coil, appliances and other consumer goods.

· Special purpose coatings are used in automobile and machinery refinishing, high-performance maintenance, bridge maintenance, traffic paint, aerosol applications and other similar operations. 
	Coatings Sales

In 1995, sales by paints and coatings manufacturers were $15.9 billion. Architectural coatings accounted for 38% of total surface coating shipments, product coatings for 33%, and special purpose coatings for 19%. Miscellaneous paint products made up 9% of the sales (NPCA). Most of the architectural coatings sold are water-based (73%), while the overriding majority of product and special purpose coatings were still conventional solvent-borne systems (TURIb, p. 1). 


The intent of this manual is to provide information on pollution prevention opportunities for users of product coatings. Because product coatings are used by a wide variety of industries, it is difficult to accurately quantify these users. In addition, the use of product coatings occurs not only in OEM settings, but also in contract job shops. The pollution prevention opportunities identified in this manual are not industry specific, but rather they include general options available to a variety of firms that coat metal substrates. Therefore, many of the P2 opportunities identified in this manual can be applied to users of architectural and special-purpose coatings as well.

Paint Composition
The major components of solvent-borne paints and coatings are solvents, binders, pigments, and additives. In paint, the combination of the binder and solvent is referred to as the paint "vehicle." Pigment and additives are dispersed within the vehicle. The amount of each constituent varies with the particular paint, but solvents traditionally make up about 60% of the total formulation. Typical solvents include toluene, xylene, MEK, and MIBK. Binders account for 30%, pigments for 7 to 8%, and additives for 2 to 3%. Environmental issues surrounding paints usually center around solvents and heavy metals used in the pigments. Binders and other additives can also affect the toxicity of the paint depending on the specific characteristics of the paint. 
Description of Coatings Processes
The coating of metal substrates can be broken up into three major steps: surface preparation, a two-step paint application/curing process and equipment cleaning. 
Surface Preparation 
Although each of these steps can affect the performance of the final finish, proper surface preparation is essential in ensuring the success of a particular coating. In fact, as high as 80% or more of all coating adhesion failures can be directly attributed to improper surface preparation.
In surface preparation, a variety of methods are used to remove soils or other imperfections from substrates, creating a surface that bonds well with the coating. The most common form of debris are oils and/or greases that originate from mechanical processing or oils and greases that are deliberately applied for temporary storage or shipping. Other contaminants commonly include oxidation, rust, corrosion, heat scale, tarnish, and smut. In some cases, old paint must also be removed prior to the application of a new paint coat. Traditionally, halogenated solvents have been used as cleaning and stripping agents to remove these substances.

As part of surface preparation, a conversion coating might be applied to improve adhesion, corrosion resistance, and thermal compatibility. The processes used most often for the application of conversion coatings on metal are phosphating (using iron or zinc) and chromating. Anodizing (i.e., the electrochemical deposition of an oxide coating) is sometimes used on aluminum surfaces.

In the phosphating process, acid attacks the metal surface, forming a microcrystalline layer that improves the surface for paint application. Zinc phosphate coatings are predominately used for metal substrates. 
Coatings Application
Following surface preparation, paints and coatings are applied to substrates using a variety of methods, including: 

· Dip coating, in which parts are dipped into tanks of paint and the excess paint is allowed to drain off; 

· Roller, in which paint is rolled onto a flat part; 

· Curtain coating, flow coating; 

· Electrodeposition, in which a part is coated by making it anodic or cathodic in a bath that is generally an aqueous emulsion of the coating; and 

· Various spray processes, in which paint is sprayed from a gun onto a part. 

Coatings are usually applied in a number of coats, starting with a prime coat followed by subsequent coats (basecoats and topcoats) and a finishing coat (clearcoats). Given the different types of coatings necessary to ensure adequate protection and performance, coatings should always be considered as a system. 

Curing 
Once a paint has been applied, a curing process takes place that converts the coating into a hard, tough, and adherent film. Coatings cure by chemical reaction or polymerization of the resins (i.e., crosslinking). Mechanisms for initiating curing generally include ambient temperature oxidation, chemical reaction with another component (two-component coating systems) or baking in an oven. Radiation is an additional curing mechanism

. 

Equipment Cleaning 
The final stage of any coating operation is the cleaning of equipment, such as spray guns and hoses. This generally involves flushing solvent through the coating system. 

Examples of Typical Systems 
Although the basic process remains the same, the particular coating system, coating formulation and application method used, can vary considerably from industry to industry. In the automotive industry, for example, approximately 80% of all painting starts with an electrocoat primer, usually applied by electrodeposition. Visible indoor areas of automobile bodies receive a topcoat, usually of the same color as the overall body topcoat. In addition, the underside of the hood and inside of the engine compartment usually receive a topcoat of black alkyd or acrylic paint which is sprayed on; therefore, they carry a two-coat system. Outside surfaces of the body receive a sandable surface coat, which is either fully or partially sprayed and is applied on either the wet or incompletely baked electrocoat. Next, the color topcoat, usually an acrylic resin, is sprayed on and baked. In many cases, a clearcoat is sprayed over the color coat to provide "depth". 
The appliance industry, however, uses high-solids paints to spray coat surfaces. These paints are hardened with a crosslinking agent called melamine. Some assembled appliance cabinets receive a 7-stage zinc phosphate metal preparation and are then prime coated inside and out by electrodeposition. The cabinets can also be spray primed with a thermosetting epoxy-resin-based paint, followed by a topcoat of acrylic melamine paint, which is sprayed on. Other appliances carry a powder coat, which is sprayed directly over the metal preparation, plus a decorative acrylic melamine coat. 

Steel furniture for indoor use generally receives a 3- to 5-stage iron phosphate metal preparation, plus a dip, spray, or electrodeposited prime coat. The topcoat is usually an alkyd or acrylic. Steel outdoor furniture and steel doors usually receive a 7- or 9-stage zinc phosphate treatment, plus a prime coat of epoxy-based spray paint or an electrocoat. The topcoats may be alkyds or polyesters, and are sometimes modified with silicone. In some cases, powder coats are applied over the iron phosphate preparation. 

Sources of Wastes 
Traditionally, each step in the coating process generates waste and emissions. Figure 2 presents a process flow diagram that outlines the sources and types of pollutants. Wastes occur in solid, liquid, and gaseous forms and can include the following: 

· Scrubber water, paint sludge and filters fromair pollution control equipment 

· Spent solvents, aqueous cleaners, wastewater and paint sludge from equipment cleaning 

· Aqueous waste and spent solvents from surface pretreatment 

· VOC emissions during paint application, curing and drying 

· Empty raw material containers 

· Obsolete or unwanted paint 

Inefficient paint transfer can be the largest source of waste and VOC emissions from paint and coating processes. Paint used but not applied to the surface being coated (e.g., paint overspray) generally becomes waste. A spray booth can be used to remove the overspray as it is generated. However, the type of booth selected can also affect the volume and type of paint waste generated. See chapter 4 for more information on spray booths and their effect on waste generation. 

Evaporation of organic solvents is an important source of air emissions. During coating application, solvents that are present in conventional paint formulations evaporate and release VOCs into the air.  Emissions occur during initial coating, as well as each time a surface is recoated during the life of the object or structure (EPAk). In addition, solvents used to thin paint, to clean equipment, and to prepare surfaces for coating can be sources of VOCs. 

Specific estimates of the amount of solvents released during coating application are difficult to make as use is spread across numerous industry groups. However, EPA has developed air emission factors for solvent losses from paint and coating applications. EPA estimates that all toluene and 87% of the xylene isomers used in paints and coatings are emitted to the atmosphere when the emissions are uncontrolled. No emission factors are available for MEK and MIBK used in paints and coatings, but it can be assumed that, like toluene and xylene, virtually all these solvents are eventually released to the atmosphere. 
Cleaning of equipment is a third major source of waste generation. Generally, all paint-application equipment must be cleaned after each use to prevent dry paint residue and avoid contaminating batch processes. In addition, brushes and rollers must be cleaned after each use to remain pliable. 

Welding
http://www.arconweld.com/welding_faq/welding_tutorial.htm
The AWS definition for a welding process is "a materials joining process which produces coalescence of materials by heating them to suitable temperatures with or without the application of pressure or by the application of pressure alone and with or without the use of filler material". 
AWS has grouped the processes together according to the "mode of energy transfer" as the primary consideration. A secondary factor is the "influence of capillary attraction in effecting distribution of filler metal" in the joint. Capillary attraction distinguishes the welding processes grouped under "Brazing" and "Soldering" from "Arc Welding", "Gas Welding", "Resistance Welding", "Solid State Welding", and "Other Processes." 
The welding processes, in their official groupings, are shown by Table 1. This table also shows the letter designation for each process. The letter designation assigned to the process can be used for identification on drawings, tables, etc. Allied and related processes include adhesive bonding, thermal spraying, and thermal cutting. 
  

	Table 1. Welding processes and letter designation.

	Group 
Welding Process 
Letter Designation 
Arc welding 
Carbon Arc 
CAW 
Flux Cored Arc 
FCAW 
Gas Metal Arc 
GMAW 
Gas Tungsten Arc 
GTAW 
Plasma Arc 
PAW 
Shielded Metal Arc 
SMAW 
Stud Arc 
SW 
Submerged Arc 
SAW 
Brazing 
Diffusion Brazing 
DFB 
Dip Brazing 
DB 
Furnace Brazing 
FB 
Induction Brazing 
IB 
Infrared Brazing 
IRB 
Resistance Brazing 
RB 
Torch Brazing 
TB 
Oxyfuel Gas Welding 
Oxyacetylene Welding 
OAW 
Oxyhydrogen Welding 
OHW 
Pressure Gas Welding 
PGW 
Resistance Welding 
Flash Welding 
FW 
High Frequency Resistance 
HFRW 
Percussion Welding 
PEW 
Projection Welding 
RPW 
Resistance-Seam Welding 
RSEW 
Resistance-Spot Welding 
RSW 
Upset Welding 
UW 
Solid State Welding 
Cold Welding 
CW 
Diffusion Welding 
DFW 
Explosion Welding 
EXW 
Forge Welding 
FOW 
Friction Welding 
FRW 
Hot Pressure Welding 
HPW 
Roll Welding 
ROW 
Ultrasonic Welding 
USW 
Soldering 
Dip Soldering 
DS 
Furnace Soldering 
FS 
Induction Soldering 
IS 
Infrared Soldering 
IRS 
Iron Soldering 
INS 
Resistance Soldering 
RS 
Torch Soldering 
TS 
Wave Soldering 
WS 
Other Welding Processes 
Electron Beam 
EBW 
Electroslag 
ESW 
Induction 
IW 
Laser Beam 
LBW 
Thermit 
TW 




Arc Welding
The arc welding group includes eight specific processes, each separate and different from the others but in many respects similar. 
The carbon arc welding (CAW) process is the oldest of all the arc welding processes and is considered to be the beginning of arc welding. The Welding Society defines carbon arc welding as "an arc welding process which produces coalescence of metals by heating them with an arc between a carbon electrode and the work-piece. No shielding is used. Pressure and filler metal may or may not be used." It has limited applications today, but a variation or twin carbon arc welding is more popular. Another variation uses compressed air for cutting. 
The development of the metal arc welding process soon followed the carbon arc. This developed into the currently popular shielded metal arc welding (SMAW) process defined as "an arc welding process which produces coalescence of metals by heating them with an arc between a covered metal electrode and the work-piece. Shielding is obtained from decomposition of the electrode covering. Pressure is not used and filler metal is obtained from the electrode." 
Automatic welding utilizing bare electrode wires was used in the 1920s, but it was the submerged arc welding (SAW) process that made automatic welding popular. Submerged arc welding is defined as "an arc welding process which produces coalescence of metals by heating them with an arc or arcs between a bare metal electrode or electrodes and the work piece. Pressure is not used and filler metal is obtained from the electrode and sometimes from a supplementary welding rod." It is normally limited to the flat or horizontal position. 
The need to weld nonferrous metals, particularly magnesium and aluminum, challenged the industry. A solution was found called gas tungsten arc welding (GTAW) [also known as tungsten inert gas (TIG) welding] and was defined as "an arc welding process which produces coalescence of metals by heating them with an arc between a tungsten (non-consumable) electrode and the work piece. Shielding is obtained from a gas or gas mixture." 
Plasma arc welding (PAW) is defined as "an arc welding process which produces a coalescence of metals by heating them with a constricted arc between an electrode and the work piece (transferred arc) or the electrode and the constricting nozzle (non-transferred arc). Shielding is obtained from the hot ionized gas issuing from the orifice which may be supplemented by an auxiliary source of shielding gas." Shielding gas may be an inert gas or a mixture of gases. Plasma welding has been used for joining some of the thinner materials. 
Another welding process also related to gas tungsten arc welding is known as gas metal arc welding (GMAW). It was developed in the late 1940s for welding aluminum and has become extremely popular. It is defined as "an arc welding process which produces coalescence of metals by heating them with an arc between a continuous filler metal (consumable) electrode and the work piece. Shielding is obtained entirely from an externally supplied gas or gas mixture." The electrode wire for GMAW is continuously fed into the arc and deposited as weld metal. This process has many variations depending on the type of shielding gas, the type of metal transfer, and the type of metal welded. 
A variation of gas metal arc welding has become a distinct welding process and is known as flux-cored arc welding (FCAW). It is defined as "an arc welding process which produces coalescence of metals by heating them with an arc between a continuous filler metal (consumable) electrode and the work piece. Shielding is provided by a flux contained within the tubular electrode." Additional shielding may or may not be obtained from an externally supplied gas or gas mixture. 
The final process within the arc welding group of processes is known as stud arc welding (SW). This process is defined as "an arc welding process which produces coalescence of metals by heating them with an arc between a metal stud or similar part and the work piece". When the surfaces to be joined are properly heated they are brought together under pressure. Partial shielding may be obtained by the use of ceramic ferrule surrounding the stud. 

Brazing (B)
Brazing is "a group of welding processes which produces coalescence of materials by heating them to a suitable temperature and by using a filler metal, having a liquidus above 450oC and below the solidus of the base materials. The filler metal is distributed between the closely fitted surfaces of the joint by capillary attraction." 
A braze is a very special form of weld, the base metal is theoretically not melted. There are seven popular different processes within the brazing group. The source of heat differs among the processes. Braze welding relates to welding processes using brass or bronze filler metal, where the filler metal is not distributed by capillary action. 

Oxy Fuel Gas Welding (OFW)
Oxy fuel gas welding is "a group of welding processes which produces coalescence by heating materials with an oxy fuel gas flame or flames with or without the application of pressure and with or without the use of filler metal." 
There are four distinct processes within this group and in the case of two of them, oxyacetylene welding and oxyhydrogen welding, the classification is based on the fuel gas used. The heat of the flame is created by the chemical reaction or the burning of the gases. In the third process, air acetylene welding, air is used instead of oxygen, and in the fourth category, pressure gas welding, pressure is applied in addition to the heat from the burning of the gases. This welding process normally utilizes acetylene as the fuel gas. The oxygen thermal cutting processes have much in common with this welding processes. 

Resistance Welding (RW)
Resistance welding is "a group of welding processes which produces coalescence of metals with the heat obtained from resistance of the work to electric current in a circuit of which the work is a part, and by the application of pressure". In general, the difference among the resistance welding processes has to do with the design of the weld and the type of machine necessary to produce the weld. In almost all cases the processes are applied automatically since the welding machines incorporate both electrical and mechanical functions. 

Other Welding Processes
This group of processes includes those, which are not best defined under the other groupings. It consists of the following processes: electron beam welding, laser beam welding, thermit welding, and other miscellaneous welding processes in addition to electroslag welding which was mentioned previously. 

Soldering (S)
Soldering is "a group of joining processes which produces coalescence of materials by heating them to a suitable temperature and by using a filler metal having a liquidus not exceeding 450 oC (840 oF) and below the solidus of the base materials. The filler metal is distributed between the closely fitted surfaces of the joint by capillary attraction." There are a number of different soldering processes and methods. 

Solid State Welding (SSW)
Solid state welding is "a group of welding processes which produces coalescence at temperatures essentially below the melting point of the base materials being joined without the addition of a brazing filler metal. Pressure may or may not be used." 
The oldest of all welding processes forge welding belongs to this group. Others include cold welding, diffusion welding, explosion welding, friction welding, hot pressure welding, and ultrasonic welding. These processes are all different and utilize different forms of energy for making welds.
Quality 

ISO 9000
http://www.iso.org/iso/en/iso9000-14000/understand/basics/general/basics_2.html
In the beginning

ISO has been developing voluntary technical standards over almost all sectors of business, industry and technology since 1947. So, if the first you heard of us was in connection with ISO 9000 or ISO 14000, then you are probably asking yourself, "How come I have never heard of ISO before?" 

The answer is that if you are asking yourself the question, then you are probably not an engineer, because if you were, you would almost certainly have come into contact with at least some of ISO's technical standards. 

With the exception of ISO 9000 and ISO 14000, the vast majority of ISO standards are highly specific. They are documented agreements containing technical specifications or other precise criteria to be used consistently as rules, guidelines, or definitions of characteristics to ensure that materials, products, processes and services are fit for their purpose. If that sounds like engineering talk, you're absolutely right! It also explains why ISO standards were, before ISO 9000 and ISO 14000, principally of concern to engineers and other technical specialists concerned by the precise scope addressed in the standard.

To take just one example, ISO standards for such seemingly humble items as bolts, nuts, screws, pins and rivets literally help stop much in the world around us from falling apart - but you're not likely to come across references to them in the business and economic press, nor see companies proudly advertising that they implement them.

	Then, in 1987, came ISO 9000, followed nearly 10 years later by ISO 14000, which have brought ISO to the attention of a much wider business community. These are very different from the majority of ISO's highly specific standards. 


Generic management system standards

The vast majority of ISO standards are highly specific to a particular product, material, or process. However, both ISO 9000 and ISO 14000 are known as generic management system standards.

Generic means that the same standards can be applied to any organization, large or small, whatever its product - including whether its "product" is actually a service - in any sector of activity, and whether it is a business enterprise, a public administration, or a government department. 

Management system refers to what the organization does to manage its processes, or activities in order that the products or services that it produces meet the objectives it has set itself, such as the following:

· satisfying the customer's quality requirements, 

· complying to regulations, or 

· meeting environmental objectives. 

In a very small organization, there is probably no "system", as such, just "our way of doing things", and "our way" is probably not written down, but all in the head of the manager or owner head. The larger the organization, and the more people involved, the more the likelihood that there are some written procedures, instructions, forms or records. These help ensure that everyone is not just "doing his or her own thing", and that the organization goes about its business in an orderly and structured way, so that time, money and other resources are utilized efficiently. 

To be really efficient and effective, the organization can manage its way of doing things by systemizing it. This ensures that nothing important is left out and that everyone is clear about who is responsible for doing what, when, how, why and where.

Management system standards provide the organization with a model to follow in setting up and operating the management system. This model incorporates the features on which experts in the field have reached a consensus as representing the international state of the art. A management system which follows the model - or "conforms to the standard" - is built on a firm foundation of state-of-the-art practices. 

Large organizations, or ones with complicated processes, could not function well without management systems - although they may have been called by some other name. Companies in such fields as aerospace, automobiles, defence, or health care devices have been operating management systems for years.

The ISO 9000 and ISO 14000 families of management system standards now make these successful practices available for all organizations when it comes to meeting their objectives concerning quality and the environment.

ISO 9000 and ISO 14000 in plain language

This section tells you briefly what ISO 9000 and ISO 14000 are and what they are not. 

Both "ISO 9000" and "ISO 14000" are actually families of standards which are referred to under these generic titles for convenience. Both families consist of standards and guidelines relating to management systems, and related supporting standards on terminology and specific tools, such as auditing (the process of checking that the management system conforms to the standard).

ISO 9000 is primarily concerned with "quality management". In the everyday context, like "beauty", everyone may have his or her idea of what "quality" is. But, in the ISO 9000 context, the standardized definition of quality refers to all those features of a product (or service) which are required by the customer. 

"Quality management" means what the organization does to ensure that its products or services satisfy the customer's quality requirements and comply with any regulations applicable to those products or services. 

ISO 14000 is primarily concerned with "environmental management". In plain language, this means what the organization does to minimize harmful effects on the environment caused by its activities.

In addition, both ISO 9000 and ISO 14000 require organizations that implement them to improve their performance continually in, respectively, quality and environmental management.

Both ISO 9000 and ISO 14000 concern the way an organization goes about its work, and not directly the result of this work. In other words, they both concern processes, and not products - at least, not directly. Nevertheless, the way in which the organization manages its processes is obviously going to affect its final product. 

In the case of ISO 9000, the efficient and effective management of processes is, for example, going to affect whether or not everything has been done to ensure that the product satisfies the customer's quality requirements.

In the case of ISO 14000, the efficient and effective management of processes is going to affect whether or not everything has been done to ensure a product will have the least harmful impact on the environment, at any stage in its life cycle, either by pollution, or by depleting natural resources.

However, neither ISO 9000 nor ISO 14000 are product standards. The management system standards in these families state requirements for what the organization must do to manage processes influencing quality (ISO 9000) or the processes influencing the impact of the organization's activities on the environment (ISO 14000). 

In both cases, the philosophy is that management system requirements are generic. No matter what the organization is or does, if it wants to establish a quality management system or an environmental management system, then such a system has a number of essential features which are spelled out in the relevant ISO 9000 or ISO 14000 standards.

Certification, registration and accreditation

Both the ISO 9000 and ISO 14000 families contain a single "certification" standard. "Certification", "registration" and "accreditation" are three words that will certainly crop up on your ISO 9000 or ISO 14000 journey. Just what exactly do they mean? Let's first take the first two. 

According to the standardized definitions*, they are not quite the same thing. In the context of ISO 9001:2000 or ISO 14001:2004, "certification" refers to the issuing of written assurance (the certificate) by an independent, external body that has audited an organization's management system and verified that it conforms to the requirements specified in the standard. "Registration" means that the auditing body then records the certification in its client register. 

The organization's management system has therefore been both certified and registered. For practical purposes, in the ISO 9001:2000 and ISO 14001:2004 contexts, the difference between the two terms is not significant and both are acceptable for general use. 

"Certification" seems to be the term most widely used worldwide, although registration (from which "registrar" as an alternative to registration/certification body) is often preferred in North America, and the two are also used interchangeably.

On the contrary, using "accreditation" as an interchangeable alternative for certification or registration is a mistake, because it means something different. In the ISO 9001:2000 or ISO 14001:2004 context, accreditation refers to the formal recognition by a specialized body - an accreditation body - that a certification body is competent to carry out ISO 9001:2000 or ISO 14001:2004 certification in specified business sectors. In simple terms, accreditation is like certification of the certification body. Certificates issued by accredited certification bodies - and known as "accredited certificates" - may be perceived on the market as having increased credibility.

Therefore, it is okay to state that your organization has been "certified" or "registered" (if, indeed, it has!), but inaccurate to state that it has been "accredited" (unless your organization is a certification/registration body).

Certification is not compulsory

You can implement ISO 9001:2000 or ISO 14001:2004 without seeking to have your management system audited and certified as conforming to the standards by an independent, external certification body. What?!? 

That's right! We are so used to hearing about ISO 9001:2000 and ISO 14001:2004 certification that it's easy to assume you can't have the standard without certification - but it's a fact, you can implement and benefit from an ISO 9001:2000 or ISO 14001:2004 system without having it certified. Like all ISO standards, ISO 9001:2000 and ISO 14001:2004 are voluntary standards. Your organization can implement them solely for the internal benefits they bring in increased effectiveness and efficiency of your operations, without incurring the investment required in a certification programme.

Deciding to have an independent audit of your system to confirm that it conforms to the standard is a decision to be taken on business grounds - if for example: 

- it is a contractual, regulatory, or market requirement,
- it meets customer preferences,
- it is part of a risk management programme, or if you think 
- it will motivate your staff by setting a clear goal for the development of the management system.

Choosing a certification body

When choosing a certification body to carry out ISO 9001:2000 or ISO 14001:2004 certification, these are the aspects the organization needs to take into account. 

· The first point is that an organization can implement ISO 9001:2000 or ISO 14001:2004 without seeking certification. The best reason for wanting to implement the standards is to improve the efficiency and effectiveness of company operations. Certification of your management system is not an ISO 9001:2000 or ISO 14001:2004 requirement. 

· Deciding to have an independent audit of your system to confirm that it conforms to ISO 9001:2000 or ISO 14001:2004 is a decision to be taken on business grounds: for example 

- if it is a contractual or regulatory requirement 
- if it is a market requirement or to meet customer preferences 
- if it falls within the context of a risk management programme 
- or if you think it will motivate your staff by setting a clear goal for the development of your management system.

· Criteria to consider include: 

- evaluate several certification bodies, 
- bear in mind that the cheapest might prove to be the most costly if its auditing is below standard, or if its certificate is not recognized by your customers
- establish whether the certification body has auditors with experience in your business sector
- following the publication of the ISO 9000:2000 series, establish whether the certification body has integrated the evolution in the focus of the standards from conformity to performance.

· Another point to clarify is whether or not the certification body has been accredited and, if so, by whom. Accreditation, in simple terms, means that a certification body has been officially approved as competent to carry out certification in specified business sectors by a national accreditation body. In most countries, accreditation is a choice, not an obligation and the fact that a certification body is not accredited does not, by itself, mean that it is not a reputable organization. For example, a certification body operating nationally in a highly specific sector might enjoy such a good reputation that it does not feel there is any advantage for it to go to the expense of being accredited. That said, many certification bodies choose to seek accreditation, even when it is not compulsory, in order to be able to demonstrate an independent confirmation of their competence. 

ISO does not carry out ISO 9001:2000 or ISO 14001:2004 certification

ISO is responsible for developing, maintaining and publishing the ISO 9000 and ISO 14000 families of standards but ISO does not itself audit or assess the management systems of organizations to verify that they have been implemented in conformity with the requirements of the standards. ISO does not issue ISO 9001:2000 or ISO 14001:2004 certificates. 

The auditing and certification of management systems is carried out independently of ISO by more than 750 certification bodies active around the world. ISO has no authority to control their activities. The ISO 9001:2000 and ISO 14001:2004 certificates issued by certification bodies are issued under their own responsibility and not under ISO's name.

ISO itself does not carry out assessments or audits to check that its standards are being implemented by users in conformity with the requirements of the standards. Conformity assessment - as this process is known - is a matter between suppliers and their customers in the private sector, and of regulatory bodies when ISO standards have been incorporated into public legislation.

In addition, there exist many testing laboratories and certification bodies which offer independent (also known as "third party") conformity assessment services to provide confirmation that products (including hardware, software and processed materials), services or systems measure up to ISO standards. Such organizations may perform these services under a mandate to a regulatory authority, or as a commercial activity, the aim of which is to create confidence between suppliers and their clients. 

In some countries, the national standards institutes that make up ISO's membership carry out conformity assessment, either on behalf of their respective governments, or as a business operation. ISO itself has no authority to control conformity assessment activities, whether these are business activities by its members, or by other organizations.

However, ISO's Committee on conformity assessment, ISO/CASCO, develops standards and guidelines covering various aspects of conformity assessment activities and the organizations that perform them. The voluntary criteria contained in these standards and guides represent an international consensus on what constitutes good practice. Their use contributes to the consistency and coherence of conformity assessment worldwide and so facilitates trade across borders.

QS9000

http://engr.nmsu.edu/~etti/summer97/manufacturing/qs9000.html
Abstract: QS-9000 is the name given to the Quality System Requirements of the automotive industry which were developed by Chrysler, Ford, General Motors and major truck manufacturers and issued in 1994. QS-9000 is sometimes seen as being identical to ISO 9000. However, QS-9000 adds clauses to many of the ISO 9000 elements. Some of the differences in QS-9000 and ISO-9000 and the responsibilities of each employee under QS-9000 are given in this paper. This paper also describes the two types of audits, how employees should respond to audits, and the QS-9000 Quality Statement. Other terminology unique to QS-9000 is also given. 

I. What Is QS-9000?
QS 9000 is the name given to the Quality System Requirements of the automotive industry which were developed by Chrysler, Ford, General Motors and major truck manufacturers and issued in late 1994. QS-9000 replaces such quality system requirements as Ford Q-101, Chrysler's Supplier Quality Assurance Manual, GM's NAO Targets for Excellence and the Truck Manufacturer's quality system manuals. The influence of QS-9000 is being seen throughout the automotive industry as it has virtually eliminated varying demands and waste associated with redundant systems. Proof of conformance to QS-9000 is certification/registration by an accredited third party such as Underwriter's Laboratories (UL) or the American Bureau of Shipping (ABS). Companies that become registered under QS-9000 will be considered to have higher standards and better quality products. This paper will describe the steps a company needs to take to achieve this goal. 

II. WHY QS-9000?
QS-9000 will help companies to stay ahead of their competition. It will do this by filling gaps in the business and quality systems that can cause problems. QS-9000 eliminates redundant and unnecessary work practices. QS-9000 tells current and potential customers that the product has consistent quality and is manufactured under controlled conditions. This system is globally accepted as proof of quality in the automotive industry and is also a major customer requirement. 

III. How Does QS-9000 Differ From ISO-9000?
QS-9000 is sometimes seen as being identical to ISO 9000, but this is not true. Even though each element of ISO 9000 is an element of QS-9000, QS-9000 adds clauses to the majority of the ISO 9000 elements. For example, QS-9000 adds requirements for a business plan, tracking customer satisfaction and bench marking to element 4.1 of ISO 9000, Management Responsibility. QS-9000 also uses sector-specific requirements. The following requirements are not based on ISO 9000: 

· production part approval process 

· the requirements for gaining approval from the customer to run a new or altered part or process 

· continuous improvement 

· automotive suppliers are required to have systems in place to ensure that organized, measurable improvement activities take place for a variety for business aspects 

· manufacturing capabilities 

· requirements for planning and effectiveness for equipment, facilities and processes 

· requirements for mistake proofing, and tooling management. 

IV. Associate Responsibilities
In order to become QS-9000 certified, a company must first prepare its staff for the challenge that awaits them. Each employee will have responsibilities under QS-9000. Once time-studies, machine and operator layout and production rates have been set by the industrial engineer, then some of these responsibilities include: 

· performing all work in compliance with all documented procedures and work instructions that may apply; 

· to have access to all procedures and/or work instructions that are applicable to your job; 

· to know the company's QS-9000 quality policy statement; 

· to cooperate with internal and external auditors; 

· to attend and complete all required training sessions; 

· to attend all meetings that are applicable to your job function. (i.e., management reviews, problem solving meetings); 

· respect the document control and quality record procedures: 

· comply with corrective actions; 

· to complete all forms, logs and other records which are called for by your procedures and work instructions in a consistent, timely manner; 

· to notify appropriate personnel of nonconformances which could cause a quality problem or finding during an audit. 

V. QS-9000 Audits
When the employees are prepared for the responsibilities that await them, they will be randomly audited by two types of auditors: 

1. Internal auditor: A team of people who are employed by your company. 

2. External auditor: A customer representative of the QS-9000 certification auditor. The auditor's questions may include: 

· How do you do your job? 

· Do you have work instructions or a procedure?

The auditor might then ask specific questions concerning the procedure. Examples include: 

· Are you familiar with the company quality policy? 

· Can you tell me what it is? 

· What does it mean to you?

The auditor may also ask to see any forms you fill out or records you have about your job. In many cases an employee will get nervous when an auditor asks a question. Good advice to give an employee on answering an auditor's question would be to relax. The auditor is probably just as nervous as you are. Be honest. The auditor may already know the truth. Be polite and the audit should go quickly. Show the auditor your work instructions (methods, visual aids). Be sure the way you explain how you do your job matches with the work instructions. Point out the Quality Policy Statement to the auditor and read it from the card. Be able to tell the auditor what the Quality Policy means to you in your own words. If you do not understand the question, ask the auditor to say it again or explain. Do not try to answer a question that you do not understand. Do not argue with the auditor. If you feel he or she did not understand your answer, carefully explain the answer to the auditor. Audits will normally be scheduled and the company will be notified. Therefore each department will have time to prepare, and they will usually have a practice audit so that everyone is prepared. However, the company should always be prepared for an audit by having their proceduresand quality policy statement ready. 

Procedures should not be followed only when there is an audit. The purpose of the QS-9000 system is to consistantly produce a quality product. If procedures are followed only at the time of the audit the associates will not be comfortable or knowledgeable with them when the auditors come through. Therefore receiving certification becomes much more unlikely. More importantly, the goal of consistant production of a quality product will more than likely have been defeated. 

The most important thing to remember with QS-9000 and receiving certification is that it is not a productivity comparison with other companies nor even a quality comparison. It is simply a check to see if you, as a department or company, are doing what you said you have been doing everytime you produce a part or product. 

VI. QS-9000 Quality Statement
The QS-9000 Quality Statement tells of your company's objectives for quality and commitment to quality, and is relevant to company goals and customer needs and expectations. The Quality Statement will be given to all associates in the form of a laminated card that they must keep with them at all times. The Quality Statement should be posted in all areas of the facility. Though it is not necessary for each associate to memorize the quality policy statement, they should be able to read it from the card or wall and tell what it means to them. All management personnel must know the quality policy statement. 

VII. QS-9000 Definitions
· Internal Auditor: An employee of the company who has been trained to perform audits of certain elements of the quality system. An internal auditor must be independent of the elements he is auditing (can not audit himself). 

· Quality Policy Statement: A documented statement defined by management which tells of the company's commitment to quality and the customer. The quality policy statement is intended to strengthen the daily focus on quality and must be known by all plant and office personnel. 

· Work Instructions: Written methods and visual aids which detail how a particular job is performed. Work instructions are supposed to be available at the work area and followed consistently by all shifts. 

· Internal audit: Questions about QS-9000 asked by audit teams which are made up by the company's own employees. 

· Audit Finding/Nonconformance (Also Noncompliance): If during an audit, something is not documented, or something is not being followed, the auditor reports this as a nonconformance and corrective action must be taken. 

· Corrective Action: Once an audit finding or occurrence had been reported to personnel responsible for that area, those personnel must agree on a cure for the nonconformance and a date in which the plan will be completed. This is usually handled through a Corrective Action Report (CAR) form. 

· Preventative Action: An action taken to prevent the occurrence of a nonconformance or quality problem that has not yet occurred. Example: Production personnel take a corrective action on a customer complaint for product A. A similar, but preventative action is taken for product B in anticipation of the same problem, even though no problem has occurred. 

· External audit: (Also 3rd party audit) An audit of the QS-9000 quality system elements by personnel which are not members of your company, such as UL or ABS. 

· Certification Audit: (Also registration audit) The formal audit by personnel empowered to issue QS-9000 certification. These personnel are called Registars. Examples are Underwriters's Laboratories (UL) and the American Bureau of Shipping (ABS). Upon passing this audit, your company is issued a certificate and is registered with the appropriate registration bodies. 

VIII. Conclusion
QS-9000 was developed to ensure customer satisfaction beginning with conformance to fundamental quality requirements and utilizing such concepts as continuous improvement, defect prevention, and the reduction of variation and waste in the supply chain. QS-9000 is an expansion or adaption of ISO-9000 that is more comprehensive and more applicable to the automobile industry and its suppliers. 

http://www.smithersregistrar.com/qs9000/page-qs9000.shtml
The Future of QS-9000 … ISO/TS 16949

QS-9000 becomes obsolete on December 14, 2006! 
As of July 1, 2004, DaimlerChrysler, PSA Peugeot Citroen and Renault mandated ISO/TS16949 certification as a requirement for remaining in the automotive supply chain. 

Ford and General Motors have also changed their requirements from QS-9000 certification to ISO/TS 16949 certification for its suppliers. Ford and GM have mandated certification to ISO/TS 16949 no later than December 15, 2006. 

Only a limited number of registrars are approved to audit for ISO/TS 16969 certification. Smithers Quality Assessments is one of the elite registrars approved to conduct ISO/TS 16949 audits. 

http://www.ul.com/services/ts16949.html
ISO/TS 16949 - The Harmonized Standard for the Automotive Supply Chain
Where did ISO/TS 16949 come from? - Beginning in 1994 with the successful launch of QS 9000 by DaimlerChrysler, Ford and GM, the Automotive OEM's recognized the increased value that could be derived from an independent quality system registration scheme and the efficiencies that could be realized in the supply chain by commonizing system requirements.

In 1996, the success of these efforts led to a move towards the development of a globally accepted and harmonized quality management system requirements document. From this, the International Automotive Task Force (IATF) was formed to lead the development effort.

What is ISO/TS 16949? The result of the IATF's effort is the ISO/TS 16949 specification. ISO/TS 16949 forms the requirements or the application of ISO 9001 for automotive production and relevant service part organizations. 

ISO/TS 16949 used the ISO 9001 Standard as the basis for their development and included the requirements from these Standards with specific 'adders' for the automotive supply chain. The 2002 revision of TS builds off the ISO9001:2000 document.

The basis for our certification audits for ISO/TS 16949 include the standard itself, customer specific requirements and the organization's quality system.

Who are the IATF? - The IATF is an ad hoc group of OEM's and automotive trade associations whose common goal is to improve the quality of products to automotive customers worldwide. IATF members include the Big 3 and other OEM's and industry groups. 

What is the IATF Tasked to Do? The IATF has a very specific mission - the development of a consensus quality systems requirements document for automotive supply chain, along with a recognition scheme and training to support third party assessments of automotive suppliers. The result of the IATF's efforts, in conjunction with the International Organization for Standardization (ISO) has been the introduction of ISO/TS 16949:2002 quality management systems requirements documents.

The IATF administers the ISO/TS 16949 through a network of formal liaisons established in member countries. These include the International Automotive Oversight Bureau (IAOB) for the US, CCFA for France, ANFIA for Italy, VDA for Germany, and SMMT for the UK.

Does ISO/TS 16949 replace QS 9000, VDA 6.1, etc? No - ISO/TS 16949 provides an option for the automotive supply chain. Some organizations may elect to continue with registration to their current Standard, while others may see the benefit in updating to the ISO/TS Standard because of the increased value that can be gained from its process-approach based methodology or to satisfy Customer requirements that may require registration to multiple standards (e.g. In situation where the organization has a customer requiring QS 9000 and another requiring VDA 6.1 it may be possible to satisfy both via ISO/TS 16949, with customer concurrence).

Additionally, several other factors make registration to ISO/TS 16949 attractive. First, certificates issued to the ISO 9001/2:1994 standard, which forms the basis for QS 9000, are no longer valid as of Dec 2003. Organizations requiring ISO certification to satisfy non-automotive customer requirements would need to update their systems to ISO 9001:2000. While the two requirements documents can coincide, the overlap in requirements may lead to increased internal costs for system maintenance. 

Of major impact to the automotive supply base has been the recent announcements by several OEM's of deadline dates for ISO/TS 16949:2002 upgrades: 


	Customer
	TS3 Registration Deadline Date

	Ford Motor Company
	Dec 14, 2006

	General Motors
	Dec 14, 2006

	DaimlerChrysler
	July 1, 2004

	Renault
	July 1, 2004

	PSA - Peugeot Citroen
	July 1, 2004

	TRW Automotive
	July 1, 2006

	Visteon
	July 1, 2005


Clearly, the future belongs to TS 16949.

Can anyone get ISO/TS 16949 Registered? No. There are 3 criteria, any one of which must be met in order for an organization to apply for ISO/TS 16949 registration. They are:

1. The organization supplies a TS 16949 subscribing customer (e.g. you supply Ford) 

2. The organization is in the automotive supply chain (any tier). 

3. The organization is a potential supplier to a customer described in either #1 or 2 above and has a documented RFQ or is being documented on the bid list. 

Section 1.1 of the Technical Specification defines the applicability of the document to sites where production and/or service parts are manufactured. This definition also excludes manufacturers of aftermarket parts from ISO/TS 16949:2002 applicability.

Additionally, organizations that do not perform value-added manufacturing processes (e.g. design centers, distributors) cannot apply for TS 16949 registration. They may, however, be included as a remote location in the registration of another site that performs manufacturing functions. Along with this, the IAOB has released clarification on how the relationship between affiliates and sister companies is to be treated in cases where affiliates/sister companies act to provide supporting functions (e.g. warehousing, sales) to a TS2 site." Companies with these types of organizational structures who are pursuing TS may be impacted by this clarification document.

UL issued the first ISO/TS 16949:2002 registration in Korea. Read the success story of how Hyundai MOBIS Co., Ltd. became the first certification in Korea to the newly issued ISO/TS 16949:2002 standard.

Will the Process be much different that what we've seen in QS 9000? Yes! The IATF has mandated a more process-based approach to auditing, with a firmer emphasis on meeting the customer's needs. While we have always approached our audits in this manner, organizations may see some changes in methodology in order to more clearly stress the important elements of Customer Oriented Processes (COP's), including:

· Process ownership 

· Process definition and linkages 

· Process monitoring and feedback loops for process improvement 

· Process effectiveness in meeting customer requirements, process efficiency and key performance indicators for the business 

Process effectiveness and efficiency for product realization and support processes must be reviewed by top management. While this is normally in place for production processes, it is the addition of the requirement for monitoring support processes that adds a new twist to the requirement. The following is a list of examples of typical process measures observed in organizations.

Process Measures
While in some areas there will be little difference in our approach, in others you will see a much 'deeper dive' using this approach. Based upon our assessments to date, we've noticed a trend in areas where companies typically struggle to comply. The following 'hotspots' are provided to give organizations insight into what might be considered the more difficult requirements to implement. Please note that this is limited to TS elements - and that overall the most problematic area for organizations implementing TS2 appears to be the incorporation of Customer Specific Requirements. You'll also see a more focused effort to tie process performance to customer requirements and expectations. 

Additionally, the audit planning requirements for TS 16949 will facilitate a much more open dialogue prior to the audit and include the need to not only review the Quality Manual and related procedures prior to the assessment but also require us to look at Internal Audit and Management review results, complaint status, and the results of key company performance indicators prior to the assessment. 

In addition to changes in the way we plan and conduct audits, TS 16949 applicants will also need to change their own internal audit systems to follow the process approach. In some cases, OEMS have mandated that internal auditors meet specific competency requirements that include set training criteria. In order to help organizations meet these requirements, we have developed an automotive specific internal auditor training class, that specifically meets the requirements outlined in both the Ford and GM Customer Specific Requirements documents.

http://www.bsiamericas.com/Automotive/ISOTS16949/keydiffs.xalter
The key differences between QS-9000 and ISO/TS 16949 
The key differences between QS-9000 and ISO/TS 16949 relate to the aspects of customer and employee satisfaction.

Customer Satisfaction

Both QS-9000 and ISO/TS 16949:1999 require a documented process for measuring customer satisfaction. This includes the documentation of trends and the comparison of benchmark data. 

ISO/TS 16949:2002, additionally specifies that companies should:

· Determine a method for monitoring customer perception as to whether requirements have been met, 

· evaluate data continuously, 

· demonstrate compliance with customer requirements & efficiency of process. 

Employee motivation, Empowerment & Satisfaction 

QS-9000 makes no reference to employee motivation whilst TS 16949:1999 requires that companies develop a process for the measurement of employee satisfaction.

ISO/TS 16949:2002 additionally specifies that organizations:

· have a process for measuring satisfaction to achieve quality objectives & make continual improvements, 

· promote quality awareness at all levels, 

· make personnel aware of the relevance of their activities. 

ETHICS
http://www.goodcharacter.com/NFS/SchoolToWork.html (Possibly the solution for this whole session.  Forwarded to PI & Co-PIs for feedback on Nov. 7th.
www.chacocanyon.com/pointlookout/ethics.shtml (Many articles on various aspects of Ethics, Teamwork etc)

http://www.ohio.honda.com/Company/files/policy.pdf
The following ten topics have been identified as essential work ethics that should be taught and practiced in order to develop a viable and effective workforce. These ten work ethics traits stated below have been expanded to cover traits that should be taught and evaluated in online courses.

1. Attendance (Punctuality) 

2. Character (The six pillars of character) http://www.charactercounts.org/defsix.htm
Trustworthiness

Be honest • Don’t deceive, cheat or steal • Be reliable — do what you say you’ll do • Have the courage to do the right thing • Build a good reputation • Be loyal — stand by your family, friends and country 

Respect
Treat others with respect; follow the Golden Rule • Be tolerant of differences • Use good manners, not bad language • Be considerate of the feelings of others • Don’t threaten, hit or hurt anyone • Deal peacefully with anger, insults and disagreements 

Responsibility
Do what you are supposed to do • Persevere: keep on trying! • Always do your best • Use self-control • Be self-disciplined • Think before you act — consider the consequences • Be accountable for your choices 

Fairness
Play by the rules • Take turns and share • Be open-minded; listen to others • Don’t take advantage of others • Don’t blame others carelessly 

Caring
Be kind • Be compassionate and show you care • Express gratitude • Forgive others • Help people in need 

Citizenship
Do your share to make your school and community better • Cooperate • Get involved in community affairs • Stay informed; vote • Be a good neighbor • Obey laws and rules • Respect authority • Protect the environment   

http://www.midgefrazel.net/character.html  Good web site with a lot of information about Character
3. Teamwork 

4. Appearance 

5. Attitude 

6. Productivity 

7. Organizational Skills 

8. Communication 

9. Cooperation 

10. Respect

Manufacturing Strategies
TPM

http://engr.nmsu.edu/~etti/fall97/manufacturing/tpm2.html
· Total productive maintenance

· Predictive maintenance

· Autonomous maintenance

What is Total Productive Maintenance?
· Total Productive Maintenance (TPM) is a maintenance program concept. Philosophically, TPM resembles Total Quality Management (TQM) in several aspects, such as (1)total commitment to the program by upper level management is required, (2) employees must be empowered to initiate corrective action, and (3) a long range outlook must be accepted as TPM may take a year or more to implement and is an on-going process. Changes in employee mind-set toward their job responsibilities must take place as well.

· TPM brings maintenance into focus as a necessary and vitally important part of the business. It is no longer regarded as a non-profit activity. Down time for maintenance is scheduled as a part of the manufacturing day and, in some cases, as an integral part of the manufacturing process. It is no longer simply squeezed in whenever there is a break in material flow. The goal is to hold emergency and unscheduled maintenance to a minimum.

When and where did TPM originate?
· TPM evolved from TQM, which evolved as a direct result of Dr. W. Edwards Deming's influence on Japanese industry. Dr. Deming began his work in Japan shortly after World War II. As a statistician, Dr. Deming initially began to show the Japanese how to use statistical analysis in manufacturing and how to use the resulting data to control quality during manufacturing. The initial statistical procedures and the resulting quality control concepts fueled by the Japanese work ethic soon became a way of life for Japanese industry. This new manufacturing concept eventually became knows as Total Quality Management or TQM.

· When the problems of plant maintenance were examined as a part of the TQM program, some of the general concepts did not seem to fit or work well in the maintenance environment. Preventative maintenance (PM) procedures had been in place for some time and PM was practiced in most plants. Using PM techniques, maintenance schedules designed to keep machines operational were developed. However, this technique often resulted in machines being over-serviced in an attempt to improve production. The thought was often "if a little oil is good, a lot should be better." Manufacturer's maintenance schedules had to be followed to the letter with little thought as to the realistic requirements of the machine. There was little or no involvement of the machine operator in the maintenance program and maintenance personnel had little training beyond what was contained in often inadequate maintenance manuals.

· The need to go further than just scheduling maintenance in accordance with manufacturer's recommendations as a method of improving productivity and product quality was quickly recognized by those companies who were committed to the TQM programs. To solve this problem and still adhere to the TQM concepts, modifications were made to the original TQM concepts. These modifications elevated maintenance to the status of being an integral part of the overall quality program.

· The origin of the term "Total Productive Maintenance" is disputed. Some say that it was first coined by American manufacturers over forty years ago. Others contribute its origin to a maintenance program used in the late 1960's by Nippondenso, a Japanese manufacturer of automotive electrical parts. Seiichi Nakajima, an officer with the Institute of Plant Maintenance in Japan is credited with defining the concepts of TPM and seeing it implemented in hundreds of plants in Japan.

· Books and articles on TPM by Mr. Nakajima and other Japanese as well as American authors began appearing in the late 1980's. The first widely attended TPM conference held in the United States occurred in 1990. Today, several consulting companies routinely offer TPM conferences as well as provide consulting and coordination services for companies wishing to start a TPM program in their plants.

Implementation of TPM
· To begin applying TPM concepts to plant maintenance activities, the entire work force must first be convinced that upper level management is committed to the program. The first step in this effort is to either hire or appoint a TPM coordinator. It is the responsibility of the coordinator to sell the TPM concepts to the work force through an educational program. To do a thorough job of educating and convincing the work force that TPM is just not another "program of the month," will take time, perhaps a year or more.

· Once the coordinator is convinced that the work force is sold on the TPM program and that they understand it and its implications, the first study and action teams are formed. These teams are usually made up of people who directly have an impact on the problem being addressed. Operators, maintenance personnel, shift supervisors, schedulers, and upper management might all be included on a team. Each person becomes a "stakeholder" in the process and is encouraged to do his or her best to contribute to the success of the team effort. Usually, the TPM coordinator heads the teams until others become familiar with the process and natural team leaders emerge.

· The action teams are charged with the responsibility of pinpointing problem areas, detailing a course of corrective action, and initiating the corrective process. Recognizing problems and initiating solutions may not come easily for some team members. They will not have had experiences in other plants where they had opportunities to see how things could be done differently. In well run TPM programs, team members often visit cooperating plants to observe and compare TPM methods, techniques, and to observe work in progress. This comparative process is part of an overall measurement technique called "benchmarking" and is one of the greatest assets of the TPM program.

· The teams are encouraged to start on small problems and keep meticulous records of their progress. Successful completion of the team's initial work is always recognized by management. Publicity of the program and its results are one of the secrets of making the program a success. Once the teams are familiar with the TPM process and have experienced success with a small problem, problems of ever increasing importance and complexity are addressed. 

· As an example, in one manufacturing plant, one punch press was selected as a problem area. The machine was studied and evaluated in extreme detail by the team. Production over an extended period of time was used to establish a record of productive time versus nonproductive time. Some team members visited a plant several states away which had a similar press but which was operating much more efficiently. This visit gave them ideas on how their situation could be improved. A course of action to bring the machine into a "world class" manufacturing condition was soon designed and work was initiated. The work involved taking the machine out of service for cleaning, painting, adjustment, and replacement of worn parts, belts, hoses, etc. As a part of this process, training in operation and maintenance of the machine was reviewed. A daily check list of maintenance duties to be performed by the operator was developed. A factory representative was called in to assist in some phases of the process.

· After success has been demonstrated on one machine and records began to show how much the process had improved production, another machine was selected, then another, until the entire production area had been brought into a "world class" condition and is producing at a significantly higher rate.

· Note that in the example above, the operator was required to take an active part in the maintenance of the machine. This is one of the basic innovations of TPM. The attitude of "I just operate it!" is no longer acceptable. Routine daily maintenance checks, minor adjustments, lubrication, and minor part change out become the responsibility of the operator. Extensive overhauls and major breakdowns are handled by plant maintenance personnel with the operator assisting. Even if outside maintenance or factory experts have to be called in, the equipment operator must play a significant part in the repair process.

· Training for TPM coordinators is available from several sources. Most of the major professional organizations associated with manufacturing as well as private consulting and educational groups have information available on TPM implementation. The Society of Manufacturing Engineers (SME) and Productivity Press are two examples. Both offer tapes, books, and other educational material that tell the story of TPM. Productivity Press conducts frequent seminars in most major cities around the United States. They also sponsor plant tours for benchmarking and training purposes. 

The Results of TPM
· Ford, Eastman Kodak, Dana Corp., Allen Bradley, Harley Davidson; these are just a few of the companies that have implemented TPM successfully. All report an increase in productivity using TPM. Kodak reported that a $5 million investment resulted in a $16 million increase in profits which could be traced and directly contributed to implementing a TPM program. One appliance manufacturer reported the time required for die changes on a forming press went from several hours down to twenty minutes! This is the same as having two or three additional million dollar machines available for use on a daily basis without having to buy or lease them. Texas Instruments reported increased production figures of up to 80% in some areas. Almost all the above named companies reported 50% or greater reduction in down time, reduced spare parts inventory, and increased on-time deliveries. The need for out-sourcing part or all of a product line was greatly reduced in many cases.

Conclusion
· Today, with competition in industry at an all time high, TPM may be the only thing that stands between success and total failure for some companies. It has been proven to be a program that works. It can be adapted to work not only in industrial plants, but in construction, building maintenance, transportation, and in a variety of other situations. Employees must be educated and convinced that TPM is not just another "program of the month" and that management is totally committed to the program and the extended time frame necessary for full implementation. If everyone involved in a TPM program does his or her part, an unusually high rate of return compared to resources invested may be expected. 

Lean
http://www.lean.org/WhatsLean/History.cfm
· Lean

· Although there are instances of rigorous process thinking in manufacturing all the way back to the Arsenal in Venice in the 1450s, the first person to truly integrate an entire production process was Henry Ford. At Highland Park, MI, in 1913 he married consistently interchangeable parts with standard work and moving conveyance to create what he called flow production. The public grasped this in the dramatic form of the moving assembly line, but from the standpoint of the manufacturing engineer the breakthroughs actually went much further.

· Ford lined up fabrication steps in process sequence wherever possible using special-purpose machines and go/no-go gauges to fabricate and assemble the components going into the vehicle within a few minutes, and deliver perfectly fitting components directly to line-side. This was a truly revolutionary break from the shop practices of the American System that consisted of general-purpose machines grouped by process, which made parts that eventually found their way into finished products after a good bit of tinkering (fitting) in subassembly and final assembly.

· The problem with Ford’s system was not the flow: He was able to turn the inventories of the entire company every few days. Rather it was his inability to provide variety. The Model T was not just limited to one color. It was also limited to one specification so that all Model T chassis were essentially identical up through the end of production in 1926. (The customer did have a choice of four or five body styles, a drop-on feature from outside suppliers added at the very end of the production line.) Indeed, it appears that practically every machine in the Ford Motor Company worked on a single part number, and there were essentially no changeovers.

· When the world wanted variety, including model cycles shorter than the 19 years for the Model T, Ford seemed to lose his way. Other automakers responded to the need for many models, each with many options, but with production systems whose design and fabrication steps regressed toward process areas with much longer throughput times. Over time they populated their fabrication shops with larger and larger machines that ran faster and faster, apparently lowering costs per process step, but continually increasing throughput times and inventories except in the rare case—like engine machining lines—where all of the process steps could be linked and automated. Even worse, the time lags between process steps and the complex part routings required ever more sophisticated information management systems culminating in computerized Materials Requirements Planning(MRP) systems .

· As Kiichiro Toyoda, Taiichi Ohno, and others at Toyota looked at this situation in the 1930s, and more intensely just after World War II, it occurred to them that a series of simple innovations might make it more possible to provide both continuity in process flow and a wide variety in product offerings. They therefore revisited Ford’s original thinking, and invented the Toyota Production System.

· This system in essence shifted the focus of the manufacturing engineer from individual machines and their utilization, to the flow of the product through the total process. Toyota concluded that by right-sizing machines for the actual volume needed, introducing self-monitoring machines to ensure quality, lining the machines up in process sequence, pioneering quick setups so each machine could make small volumes of many part numbers, and having each process step notify the previous step of its current needs for materials, it would be possible to obtain low cost, high variety, high quality, and very rapid throughout times to respond to changing customer desires. Also, information management could be made much simpler and more accurate.

· The thought process of lean was thoroughly described in the book The Machine That Changed the World (1990) by James P. Womack, Daniel Roos, and Daniel T. Jones. In a subsequent volume, Lean Thinking (1996), James P. Womack and Daniel T. Jones distilled these lean principles even further to five:

· Specify the value desired by the customer 

· Identify the value stream for each product providing that value and challenge all of the wasted steps (generally nine out of ten) currently necessary to provide it 

· Make the product flow continuously through the remaining, value-added steps 

· Introduce pull between all steps where continuous flow is possible 

· Manage toward perfection so that the number of steps and the amount of time and information needed to serve the customer continually falls 

http://en.wikipedia.org/wiki/Lean_manufacturing
· '''Lean manufacturing''' is a management philosophy focusing on reduction of the seven wastes 

· #1 Over-production

· #2 Waiting time

· #3 Transportation

· #4 Processing

· #5 Inventory

· #6 Motion 

· #7 Scrap in manufactured products or any type of business.  

· By eliminating waste (muda), quality is improved, production time and cost are reduced.  

· To solve the problem of waste, Lean Manufacturing has several "tools" at its disposal. These include constant process analysis ([[kaizen]]), "pull" production (by means of [[kanban]]) and mistake-proofing (poka-yoke).  

· Most experts now agree, however, that Lean Manufacturing is not just a toolset. Rather it is a holistic, comprehensive, enterprise-wide program designed to be integrated into the organization's core strategy.  In addition, experts in this field believe that philosophy-based Lean Manufacturing strategy is the most effective way to launch and sustain lean activities.  The so called "Toyota Way," popularized by Dr. Jeffrey Liker's book of the same name, emphasizes the creation of the right kind of environment in which to grow and support Lean Thinking.

· Key lean manufacturing principles include:

· Pull processing: products are pulled from the consumer end, not pushed from the production end

· Perfect first-time quality - quest for zero defects, revealing & solving problems at the source

· Waste minimization – eliminating all activities that do not add value & safety nets, maximize use of scarce resources (capital, people and land) 

· Continuous improvement – reducing costs, improving quality, increasing productivity and information sharing

· Flexibility – producing different mixes or greater diversity of products quickly, without sacrificing efficiency at lower volumes of production 

· Building and maintaining a long term relationship with suppliers through collaborative risk sharing, cost sharing and information sharing arrangements. 

· Lean is basically all about getting the right things, to the right place, at the right time, in the right quantity while minimizing waste and being flexible and open to change.

· Lean thinking got its name from a 1990’s best seller called "The Machine That Changed the World : The

· Story of Lean Production". The book chronicles the transitions of automobile manufacturing from craft production to mass production to lean production.

· The seminal book "Lean Thinking" by Womack and Jones, (See below for an expanded view of these five concepts) introduced five core concepts:

· #1 Specify value in the eyes of the customer

· #2 Identify the value stream and eliminate waste

· #3 Make value flow at the pull of the customer

· #4 Involve and empower employees

· #5 Continuously improve in the pursuit of perfection.

· Finally, there is an understanding that Toyota's mentoring process (loosely called Senpai and Kohai relationship) so strongly supported in Japan is one of the ways to foster Lean Thinking up and down the organizational structure.  The closest equivalent to Toyota's mentoring process is the concept of Lean Sensei, which encourages companies, organizations, and teams to seek out outside, third-party "Sensei" that can provide unbiased advice and coaching, as indicated in Jim Womack's Lean Thinking book.

http://www.lean.org/WhatsLean/Principles.cfm
· 1.  As Womack and Jones note in Lean Thinking,

"The critical starting point for lean thinking is value. Value can only be defined by the ultimate customer. And it's only meaningful when expressed in terms of a specific product (a good or a service, and often both at once), which meets the customer's needs at a specific price at a specific time."

· Above all, lean practitioners must be relentlessly focused on the customer when specifying and creating value. Neither shareholder needs, nor senior management¹s financial mind-set, nor political exigencies, nor any other consideration should distract from this critical first step in lean thinking. Once more, here¹s another passage from Womack and Jones on how managers can start off on the wrong path:

· "Why is it so hard to start at the right place, to correctly define value?
Partly because most producers want to make what they are already making and partly because many customers only know how to ask for some variant of what they are already getting. They simply start in the wrong place and end up at the wrong destination. Then, when providers or customers do decide to rethink value, they often fall back on simply formulas‹lower cost, increased product variety through customization, instant delivery‹rather than jointly analyzing value and challenging old definitions to see what¹s really needed."

· 2.  The value stream is the set of all the specific actions required to bring a specific product through the critical management tasks of any business: the problem-solving task running from concept through detailed design and engineering to production launch, the information management task running from order-taking through detailed scheduling to delivery, and the physical transformation task proceeding from raw materials to a finished product in the hands of the customer. Identifying the entire value stream for each product is the next step in lean thinking, a step which firms have rarely attempted but which almost always exposes enormous, indeed staggering, amounts of waste.

· In order to get started mapping your own value streams, LEI recommends that you read and use the Learning to See workbook. Additionally, the library section for this tool contains a wealth of further material about this critical principle.

· 3.  Only after specifying value and mapping the stream can lean thinkers implement the third principle of making the remaining, value-creating steps flow. Such a shift often requires a fundamental shift in thinking for everyone involved, as functions and departments that once served as the categories for organizing work must give way to specific products; and a "batch and queue" production mentality must get used to small lots produced in continuous flow. Interesting, "flow" production was an even more valuable innovation of Henry Ford¹s than his better-known "mass" production model.

· Lean managers eager to implement flow in their organizations can learn more about the topic in the books Creating Continuous Flow and Making Materials Flow, and they can use these workbooks as an excellent starting point when implementing this principle.

· 4.  As a result of the first three principles, lean enterprises can now make a revolutionary shift: instead of scheduling production to operate by a sales forecast, they can now simply make what the customer tells them to make. As Womack and Jones state, "You can let the customer pull the product from you as needed rather than pushing products, often unwanted, onto the customer." In other words, no one upstream function or department should produce a good or service until the customer downstream asks for it.

· Of course following this principle is a bit more complicated than that. A good place to start with implementation is the LEI workbook Creating Level Pull, which also has an excellent Library section with many resources to help with this principle.

· 5. After having implemented the prior lean principles, it "dawns on those involved that there is no end to the process of reducing effort, time, space, cost, and mistakes while offering a product which is ever more nearly what the customer actually wants," write Womack and Jones. "Suddenly perfection, the fifth and final principle, doesn¹t seem like a crazy idea."

Theory of Constraints
http://www.saigon.com/~nguyent/dettmer2.html
· Theory of constraints

· a continuous improvement philosophy which centers on increasing the money made from the exchange of products or services offers other options for realizing the goal besides cost reduction. A relatively recent approach for doing this is called the Theory of Constraints (TOC). Conceived by Dr. Eliyahu M. Goldratt, TOC, places the highest premium on increasing Throughput, which Goldratt defines as the rate at which the system generates money through sales.[1] Not forgetting the axiom that "you have to spend money to make money," Goldratt links increases in Throughput to decreases in Inventory and Operating Expenses. 

· Goldratt's concept of Inventory and Operating Expense constitute a significant departure from traditional management accounting thought. He considers Inventory to be all the money the system invests in things it intends to sell, including facilities and equipment, which are likely to be sold off as scrap after they obsolesce beyond their useful lives. And he defines Operating Ex- pense as all the money the system spends to turn Inventory into Throughput. In other words, if it isn't Throughput (money coming in) or Inventory (money tied up within the system), it's Operating Expense (money going out) . 

· Goldratt contends that a change, positive or negative, in any one of these three dimensions will automatically result in a proportional change in at least one, maybe both, of the other two. For example, if actions are taken to reduce Inventory, a commensurate reduction in carrying costs (Operating Expense) can be expected. 

· With this three-dimensional dynamic underlying the system's operation, Goldratt maintains that ongoing improvement requires efforts to increase Throughput, decrease Inventory, and decrease Operating Expense. Management traditionally emphasizes reduction of Operating Expense first, followed by increasing Throughput and, finally, Inventory reduction. But, according to Goldratt, the biggest gains are to be realized by first increasing Throughput, then by reducing Inventory. Operating Expense reduction should be the third priority. Goldratt's rationale for this order of priorities involves the law of diminishing returns: both Operating Expense and Inventory have a theoretical lower limit of zero (and a practical limit considerably higher), but theoretically there is no upper limit to the increase of Throughput. 

· Systems as Chains 

· The Theory of Constraints likens each system (company) to a chain, or a network of chains. In any chain there is one weakest link which limits the performance of the entire chain. This weak- est link is the system's constraint. Improving the performance (Throughput) of the chain requires strengthening that weakest link; improving any other link will cost money (increase Operating Expense) but will not contribute to the increased strength of the entire chain as long as the weakest one is ignored. However, as soon as that weakest link is strengthened to the degree that it is no longer the weakest link, (i.e., the constraint is broken), the next weakest link becomes the brake or constraint which limits overall system performance. 

· The primary benefit of the TOC approach is its orientation toward the output of the entire system, rather than a compartmentalized look at components which may have little or no positive effect on overall performance because of that "elephant in the parlor"--the system constraint which overshadows all other deficiencies in the system. With this kind of system level focus, the system's constraint can be precisely located, whether it resides within the company or outside of it (e.g., the market place). If the constraint is internal, it can be readily ascertained whether the constraint is physical (i.e., a machine, person, or facility) or a policy which inadvertently discourages improved Throughput. Efforts to break the constraint can then be applied without delay or distraction. 

· Five Focusing Steps 

· Goldratt offers some powerful tools for dealing with system constraints. Foremost among them is a five-step process which ensures that improvement efforts remain on track toward system level improvement, rather than digressing into non-productive suboptimization of system components. These five steps provide reliable channel markers enroute to effective improvement--a variation of a well known sign, which, in this case, would remind managers, "It's the system, stupid!" 

· 1. Identify the system's constraints. Determining what limits the system's performance. 

· 2. Decide how to exploit the system's constraint. Eliminate inefficiency from the constraint. 

· 3. Subordinate everything else to the above decision (step #2). Make effective management of the existing constraint the top priority. 

· 4. Elevate the system's constraint. Break the constraint by increasing its capacity above the level of demand. 

· 5. If, in the previous steps, a constraint has been broken, go back to step 1, but do not allow INERTIA to cause a new constraint. Go back and find the next weakest link which limits system performance. 

· A Logical Thinking Process 

· With the ongoing improvement process now defined, Goldratt introduces a rigorous five-stage logical thinking process which zeroes in on what to change, what to change to, and how to effect the change with a minimum of errors and false starts. These processes include the current reality tree, the evaporating cloud, the future reality tree, the prerequisite tree, and the transition tree. In concert with the five focusing steps mentioned above, these logical thinking processes provide a contextual basis from which to apply more commonly known quality tools, such as statistical process control, design of experiments, quality function deployment, and other structured problem solving methods.

Flexible Manufacturing

http://en.wikipedia.org/wiki/Flexible_manufacturing
· Flexible manufacturing

· A '''flexible manufacturing system (FMS)''' is a manufacturing system in which there is some amount of Flexibility (engineering)flexibility which allows the system to react in the case of changes, whether predicted or unpredicted.  This flexibility is generally considered to fall into two categories, within which are numerous other subcategories.  

· The first category, machine flexibility, covers the system's ability to be changed to produce new product types, and ability to change the order of operations executed on a part. 

· The second category of flexibility within an FMS is called routing flexibility, which consists of the ability to use multiple machines to perform the same operation on a part, as well as the system's ability to absorb large-scale changes, such as in volume, capacity, or capability.

· The whole FMS is commonly controlled by a central computer. 

· The main advantages of a FMS is its high flexibility in manufacturing resources like time and effort in order to manufacture a new product.

· The best application of a FMS is found in production of small sets of products that are likely but not equal that those from a mass production, otherwise production cost of small sets of products will cost a lot in relation with mass production cost.

· Advantages

· Productivity increment due to automation.

· Preparation time for new products is shorter due to flexibility (in case the FMS will be able to be adapted to).

· Saving of labor cost, due to automation less human workers are needed.

· Improved production quality, due to automation.

	MODULE D – VEHICLE SYSTEM OVERVIEW

	MODULE DESCRIPTION:  This module is designed to introduce the students to the major systems of an automobile.  The instruction will encompass the major electro/mechanical aspects of an automobile.


OUTLINE (This portion of the course is contained in the following links)
http://www.cdxetextbook.com/engines/engines.html
· Engine 

· Motive power types

· Engine components

· Engine cooling

· Engine lubrication

http://www.cdxetextbook.com/fuelSys/fuelSys.html
· Fuel systems

· Intake and exhaust

· Alternate fuel systems

· Gasoline fuel systems

· Diesel fuel systems

· EFI engine management

· Emission control

http://www.cdxetextbook.com/chassis/chassis.html
· Chassis

· Steering systems

· Suspension systems

· Wheels and tires

· Braking systems

http://www.cdxetextbook.com/trans/trans.html
· Transmission and transaxle

· Clutches and manual transmissions

· Automatic transmissions

· Final drive and drive shafts

http://www.cdxetextbook.com/electrical/electrical.html
· Electrical and electronics

· Electrical principles

· Ignition systems

· Charging, starting, and lighting

http://www.cdxetextbook.com/auxil/auxil.html
· Heating and air conditioning

· Basic principles

· Fixed orifice tube air conditioning system

· Thermal expansion valve air conditioning system

· Air conditioning components

· Climate control
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