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INTRODUCTION
Global competitiveness is a reality that the Indian market is facing today. The key question for any organization is how to use technological and organizational changes to be more competitive in operation. The main focus is always to identify areas where the resources are wasted or not converted fully in to the desired output.  The removal of waste or unnecessary work leads to improvised productivity and quality and ultimately achieves the customer satisfaction and profitability. Lean Manufacturing is a conceptual framework based on principles and techniques to reduce waste and improve lead-time. Womack et al. (1990) used the term Lean to describe the Japanese System, which uses minimum of every thing to achieve a better product, which closely matches customer needs. Indian organizations are increasingly seeking new templates for change to remain competitive in the face of globalization. 
Throughout the history of civilization the main focus is on better utilization of resources. Some of most widely used philosophies for change are World Class Manufacturing (WCM), Lean Production (LP), Total Quality Management (TQM) and Business Process Re-engineering / redesign (BPR) (Lee & Oakes, 1996). Some researchers add other group of techniques in the above list, which are known as agile manufacturing, quick response manufacturing and Just in Time. Bessant (1991) suggests that .experimentation, innovation and learning. are needed as new models are evaluated for “best practice”.
1.1 Lean manufacturing Concept
Lean manufacturing is a management philosophy focusing on reduction of the seven wastes:
Transportation (moving product further than is minimally required)
Inventory (having more inventry than is minimally required)
Motion (people moving or walking more than minimally required)
Waiting time (product waiting on next production step, or people waiting for work to do)
Over-production (making more than what is needed, or making it earlier than needed)
Processing Itself (doing more than the customer values)
Defective Product  (Scrap in manufactured products or any type of business.) 

By eliminating waste (muda), quality is improved, production time and costs 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). Lean ,as a management philosophy,is also very focussed on creating a better workplace through the TOYOTA principle of “respect for humanity.”
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, introduced five core concepts:

· Specify value in the eyes of the customer 

· Identify the value stream and eliminate waste 

· Make value flow at the pull of the customer 

· Involve and empower employees 
· Continuously improve in the pursuit of perfection. 

1.2 History
Most of the basic principles of lean manufacturing date back to at least Benjamin Franklin. Poor Richard's Almanack says of wasted time, "He that idly loses 5s. [shillings] worth of time, loses 5s., and might as prudently throw 5s. Into the river." He added that avoiding unnecessary costs could be more profitable than increasing sales: "A penny saved is two pence clear. A pin a-day is a groat a-year. Save and have."

Again Franklin's The Way to Wealth says the following about carrying unnecessary inventory. "You call them goods; but, if you do not take care, they will prove evils to some of you. You expect they will be sold cheap, and, perhaps, they may [be bought] for less than they cost; but, if you have no occasion for them, they must be dear to you. Remember what Poor Richard says, 'Buy what thou hast no need of, and ere long thou shalt sell thy necessaries.' In another place he says, 'Many have been ruined by buying good penny worths'." Henry Ford cited Franklin as a major influence on his own business practices, which included Just-in-time manufacturing.

The concept of waste being built into jobs and then taken for granted was noticed by motion efficiency expert Frank Gilbreth, who saw that masons bent over to pick up bricks from the ground. The bricklayer was therefore lowering and raising his entire upper body to get a 5 pound (2.3 kg) brick but this inefficiency had been built into the job through long practice. Introduction of a non-stooping scaffold, which delivered the bricks at waist level, allowed masons to work about three times as quickly, and with less effort.

Frederick Winslow Taylor, the father of scientific management, introduced what are now called standardization and best practice deployment: "And whenever a workman proposes an improvement, it should be the policy of the management to make a careful analysis of the new method, and if necessary conduct a series of experiments to determine accurately the relative merit of the new suggestion and of the old standard. And whenever the new method is found to be markedly superior to the old, it should be adopted as the standard for the whole establishment" (Principles of Scientific Management, 1911).

Taylor also warned explicitly against cutting piece rates (or, by implication, cutting wages or discharging workers) when efficiency improvements reduce the need for raw labor: "…after a workman has had the price per piece of the work he is doing lowered two or three times as a result of his having worked harder and increased his output, he is likely entirely to lose sight of his employer's side of the case and become imbued with a grim determination to have no more cuts if soldiering [marking time, just doing what he is told] can prevent it." This is now a foundation of lean manufacturing, because it is obvious that workers will not drive improvements they think will put them out of work. Shigeo Shingo, the best-known exponent of single-minute exchange of die (SMED) and error-proofing or poka-yoke, cites Principles of Scientific Management as his inspiration (Andrew Dillon, translator, 1987. The Sayings of Shigeo Shingo: Key Strategies for Plant Improvement).

American industrialists recognized the threat of cheap offshore labor to American workers during the 1910s, and what is now called lean manufacturing was explicitly regarded as a countermeasure. Henry Towne, past President of the American Society of Mechanical Engineers, wrote in the Foreword to Frederick Winslow Taylor's Shop Management (1911), "We are justly proud of the high wage rates which prevail throughout our country, and jealous of any interference with them by the products of the cheaper labor of other countries. To maintain this condition, to strengthen our control of home markets, and, above all, to broaden our opportunities in foreign markets where we must compete with the products of other industrial nations, we should welcome and encourage every influence tending to increase the efficiency of our productive processes."

Henry Ford continued this focus on waste whilst developing his mass assembly manufacturing system. "Ford's success has startled the country, almost the world, financially, industrially, mechanically. It exhibits in higher degree than most persons would have thought possible the seemingly contradictory requirements of true efficiency, which are: constant increase of quality, 
Great increase of pay to the workers, repeated reduction in cost to the consumer. And with these appears, as at once cause and effect, an absolutely incredible enlargement of output reaching something like one hundred fold in less than ten years, and an enormous profit to the manufacturer" (Charles Buxton Going, preface to Arnold and Faurote, Ford Methods and the Ford Shops (1915)).

Ford (1922, My Life and Work) provided a single-paragraph description that encompasses the entire concept of waste. "I believe that the average farmer puts to a really useful purpose only about 5%. of the energy he expends. … Not only is everything done by hand, but seldom is a thought given to a logical arrangement. A farmer doing his chores will walk up and down a rickety ladder a dozen times. He will carry water for years instead of putting in a few lengths of pipe. His whole idea, when there is extra work to do, is to hire extra men. He thinks of putting money into improvements as an expense. … It is waste motion— waste effort— that makes farm prices high and profits low." Poor arrangement of the workplace-- a major focus of the modern kaizen-- and doing a job inefficiently out of habit-- are major forms of waste even in modern workplaces.

Ford also pointed out how easy it was to overlook material waste. As described by Harry Bennett (1951, Ford: We Never Called Him Henry), "One day when Mr. Ford and I were together he spotted some rust in the slag that ballasted the right of way of the D. T. & I [railroad]. This slag had been dumped there from our own furnaces. 'You know,' Mr. Ford said to me, 'there's iron in that slag. You make the crane crews who put it out there sort it over, and take it back to the plant.'" In other words, Ford saw the rust and realized that the steel plant was not recovering all of the iron.

Design for Manufacture (DFM) also is a Ford concept. Per My Life and Work, "Start with an article that suits and then study to find some way of eliminating the entirely useless parts. This applies to everything— a shoe, a dress, a house, a piece of machinery, a railroad, a steamship, an airplane. As we cut out useless parts and simplify necessary ones, we also cut down the cost of making. ...But also it is to be remembered that all the parts are designed so that they can be most easily made." The same reference describes Just in time manufacturing very explicitly.

However Ford's mass production system failed to incorporate the notion of Pull and thus often suffered from over production.

It was with Taiichi Ohno at Toyota that all these themes came together and Lean Production finally took form. Levels of demand in the Post War economy of Japan were low and the focus of mass 
production on lowest cost per item via economies of scale had little relevance. Having visited and seen supermarkets in the US Taiichi Ohno recognised the scheduling of work should not be driven by sales or production targets but by actual sales. Given the financial situation during this period over production was not an option and thus the notion of Pull (rather than sales target driven Push) came to underpin production scheduling. Norman Bodek wrote the following in his foreword to a reprint of Ford's (1926) Today and Tomorrow: "I was first introduced to the concepts of just-in-time (JIT) and the Toyota production system in 1980. Subsequently I had the opportunity to witness its actual application at Toyota on one of our numerous Japanese study missions. There I met Mr. Taiichi Ohno, the system's creator. When bombarded with questions from our group on what inspired his thinking, he just laughed and said he learned it all from Henry Ford's book."
1.3 LEAN MANUFACTURING SYSTEM

Lean Manufacturing System is a total business approach designed to identify and eliminate forms of waste in the process of producing goods, service or combination of both .The Central Lean Principles are shown in Figure 1. The removal of waste or unnecessary

work leads to improvised productivity and quality and ultimately achieves the customer satisfaction and profit. Lean Manufacturing is a conceptual framework based on a few principles and techniques to reduce waste and improve lead-time.
 Womack et al. (1990) used the term Lean to describe the Japanese System, which use minimum of every thing to achieve a better product, which closely matches customer needs. Lean Manufacturing also known as the Toyota Production System (TPS), was originated by Taiichi Ohno and Shigeo Shingo at Toyota .In today’s competitive world it is more that quality, cost and delivery to ensure survival, it is ability to adjust quickly and effectively to demand fluctuations by waste reduction, which leads to lean production. Waste in Japan as defined by Toyota’s Fujio Cho is . Any thing other than the minimum amount of equipment, materials, parts and workers (working time) which are absolutely essential to production.. Typical forms of waste are defects, rework, setup, inventory, waiting, transport etc. The problems are sorted out permanently not for a short period. Zayko et al. (1997) found that implementation of LMS can result in a 50 percent reduction in human effort, tool investment, manufacturing space, and
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product development time, and a 200-500 percent improvement in quality. The usefulness of Lean principles can be seen in any type of working environment. Even it is well proven in manufacturing that many researchers are reporting that Lean is useful in service sector also.  Views of various researchers are tabulated in Table 1. Ball and Maleyeff (2003) reported that Lean manufacturing principles are applicable to an environmental consulting firm and it seems that other companies of similar scientific and technical nature may also benefit from Lean principles.

1.4. TOOLS OF LEAN MANUFACTURING SYSTEM

1. Just In Time
2. New Just In Time
3. Kanban
4. Jidoka
5. Poka-Yoka
6. Kaizen
7. Cellular manufacturing

8. Total productive maintenance
UNIT-2
JUST IN TIME
2.1. Just In Time(JIT) 
Just In Time (JIT) is an inventory strategy implemented to improve the return on investment of a business by reducing in-process inventory and its associated costs. The process is driven by a series of signals, or Kanban, that tell production processes to make the next part. Kanban are usually simple visual signals, such as the presence or absence of a part on a shelf. When implemented correctly, JIT can lead to dramatic improvements in a manufacturing organization's return on investment, quality, and efficiency.

New stock is ordered when stock reaches the re-order level. This saves warehouse space and costs. However, one drawback of the JIT system is that the re-order level is determined by historical demand. If demand rises above the historical average planning duration demand, the firm could deplete inventory and cause customer service issues. To meet a 95% service rate a firm must carry about 2 standard deviations of demand in safety stock. Forecasted shifts in demand should be planned for around the Kanban until trends can be established to reset the appropriate Kanban level. In recent years manufacturers have touted a trailing 13 week average is a better predictor than most forecastors could provide.
A related term is Kaizen which is an approach to productivity improvement literally meaning "continuous improvement" of process.
Just-in-time(JIT ) production system were developed in japan to minimize inventories,especially WIP. WIP and other type of inventrory are seen by the Japanese as waste that should be minimized or eliminated.The ideal JIT production system produces and delivers exactly the required no. of each component to the downstream operation in manufacturing sequence just at the time when that component is needed.Each component is delivered “just in time.”This delivery discipline minimizes WIP and manufacturing lead time as well as the space and money invested in WIP.
The JITproduction discipline has shown itself to be very effective in high volume repetitve operations, such as those found in the automotive industry.
The principal objective of JIT is to reduce inventories.However,inventory reduction cannot simply be mandated to happen.Certain requisites must be in place for a JIT production system to operate successfully.They are: (1) a pull system of production control, (2) small batch sizes and reduced setup times,and (3) stable and reliable production operations.
2.1.1 Pull System of Production Control

JIT is based on a pull System of production control, in which ther oreder to make and deliver parts at each workstation in the producation sequence come from the downstream station that user those parts. When the supply of parts at given workstation is about to be exhausted, that station orders the upstream station to replenish the supply . Only on recipet of this order is the upstream station authorized to prouce the needed parts. When this procedure is repeated at each workstation throughout the plant , it has the effect of pulling parts through the producation system .By comparison ,in a push system of production control , parts at each workstation are produced irrespective of the immediate need for the parts at its repective downstream station .In effect, this production discipline pushes parts through the plant . The risk in a push system is that more work gets scheduled in the factory then  it can handle , resulting in large queues of parts in fornt of macheines. The machines are unable to keep up with arriving work, and the factory becomes overloaded. A porly planned MRP- based production planning system that does not include capacity planning run this risk . One way to implement  a pull sysem is to use KANBAN. The word kanban (pronounced kahn-bahn)means”card”in Japanese.The kanban system of production control,    developed and made famous by Toyota,the Japanese automobile company,is based on the use  of card that  authorize(1)part production and (2)parts delivery in plant.Thus,there are two type of kanbabs:(1) production kanbans and (2) transport kanbans. A production kanban (P-kanban) autorizes the upstream station to produce a batch of parts . As they are produced , The parts are placed in containers , so the batch quantity is just sufficient to fill the container . Production of more than this quantity of not allowed in the kanban system. A transport kanban (T-kanban) authorizes transport of the container of parts to the downstream station. 
2.1.2 Small batch Sizes and reduced Setup Times
To minimize WIP inventories in manufacturing, batch size and setup time must be minimized. The relationship between batch size and setuptime is given by the EOQ formula, In our mathematical model for total inventory cost, form which the EOQ formula is derived, average inventory level is equal to one half the batch size. To reduce average inverntory level batch batch size must be reduced .And to reduce batch size , setup  cost must be reduced .this means reducing setup times. Reduced setup times permit smaller batches and lower WIP levels. Methods for reducing setup times were pioneered by the japanes during the 1960s and 1970s U.S. manufacturing firms have also adopted setup reductionmethods. Results of the efforts are sometimes dramatic .Examples of setup reductions in japaness and U.S. industrues are reported by Suzaki and we present some of these in table.
	Industry
	Equipment Type
	Setup Time before Reduction
	Setup Time After Reduction(min)
	Reduction(%)

	1.Japanese automative
2.Japanese diesel 

3.U.S.power tool 

4.Japanese automotive

5.U.S.electric appliance
	1000-ton press


Transfer line

Punch press          
Machine tool

45-ton press


	        4 hr

      
       9.3 hr


       2 hr

       6 hr

       50 min
	            3


            9

3

10

2
	     98.7

     
     98.4

     97.5

     97.2

      96.0




2.1.3 Stable and Reliable Production Operations
Other requirement for a successful JIT production system include (1)stable production schedule(2)on-time delivery,(3)defect free components & materials,(4)reliable production equipement,(5)a workforce that is capable ,committed,and cooperative,and(6)a dependable supplier base.
· Stable Schedule: Production mustflow as smoothly as posible, which means minimum perturbations from the fixed schedule. Perturbations in downstrem operations tend to be magnified in upstream operations. A 10% change in final assembly may translate into a 50% change in parts produtions operations due to over time, unsheduled setups, variations from normal work procedures, and other exceptioms. By maimtaining a constant MPS overtime, smooths workflow is achived, and disturbances in production are minimized.
· On time delivery, zero defects, reliable equipment: JIT production requireds near perfection in on time delivery, part quality, and equipment reliability. Because of small lot sizes used in JIT, parts must be delivered before stockouts occurs at down stream stations. Otherwise these stations are starved for work, and production must be stopped. JIT requires very high quality in every aspect of productions. If defective parts are produced, they can not be used subsequent processing or assembly stations, thus interrupting work at those stations and possibly stopping productions. Such a severe penalty forces a discipline of very high qulity level (zero defects) in parts fabrication.workers are trained to inspect their own output to make sure it is right before it goes to the next operation.in effect,this means controlling quality during production  rather than relying on in spectors to discover the defects later.the Japanese use the word JIDOKA in their quality control procedures.roughly translated ,it means “stop every thing when something goes wrong”. JITalso requires highly reliable production equipment. Low WIP leaves little room for equipment stoppages. Machine break downs canot be tolerated in  a JIT production system. The equipment must be “designed for reliability,” and the plant that operates the equipment must have a well-planned preventive maintenance program.
· Work force and supplier base: workers in JIT production system must be cooperative, committed, and cross-trained. Small batch sizes mean that worker must be willing and able to perform a variety of tasks and to produce a veriety of part styles at their work stations. As indicated above, they must be inspctors as well as production workers to ensure

the quality of their own output. They must be able to deal with minor technical problems that may be experienced with the productions equipment so that major breakdowns are avoided. The supplier of raw materials and components to the company must be held to the same standards of on –time delivery, zero defects and oyher JIT requirments as the company it self. New policies in dealing  with vendors are required for JIT.these polices includes(1)reducing the total no. of suppliers,thus allowing the remaining suppliers to do more business;(2)entering into long-term agerements and partnerships with suppliers,so that supplier do not have to worry about competitively bidding for every order;(3)establishing quality and delivery standards and selecting supplieron the basis of their capacity to meet these standards;(4)placing employees into supplier plants to help those suppliers develop their own JITsystems;and(5)selecting parts suppliers that are located near the company’s final assembly plant to reduce transportation and delivery problems.
2.2 History
The technique was first used by the Ford Motor Company as described explicitly by Henry Ford's My Life and Work (1922): "We have found in buying materials that it is not worthwhile to buy for other than immediate needs. We buy only enough to fit into the plan of production, taking into consideration the state of transportation at the time. If transportation were perfect and an even flow of materials could be assured, it would not be necessary to carry any stock whatsoever. The carloads of raw materials would arrive on schedule and in the planned order and amounts, and go from the railway cars into production. That would save a great deal of money, for it would give a very rapid turnover and thus decrease the amount of money tied up in materials. With bad transportation one has to carry larger stocks." This statement also describes the concept of "dock to factory floor" in which incoming materials are not even stored or warehoused before going into production. This paragraph also shows the need for an effective freight management system (FMS) and Ford's Today and Tomorrow (1926) describes one.

The technique was subsequently adopted and publicised by Toyota Motor Corporation of Japan as part of its Toyota Production System (TPS).

Japanese corporations cannot afford large amounts of land to warehouse finished products and parts. Before the 1950s, this was thought to be a disadvantage because it reduced the economic lot size. (An economic lot size is the number of identical products that should be produced, given the cost of 
changing the production process over to another product.) The undesirable result was poor return on investment for a factory.

The chief engineer at Toyota in the 1950s, Taiichi Ohno examined accounting assumptions and realized that another method was possible. The factory could be made more flexible, reducing the overhead costs of retooling and reducing the economic lot size to the available warehouse space.

Over a period of several years, Toyota engineers redesigned car models for commonality of tooling for such production processes as paint-spraying and welding. Toyota was one of the first to apply flexible robotic systems for these tasks. Some of the changes were as simple as standardizing the hole sizes used to hang parts on hooks. The number and types of fasteners were reduced in order to standardize assembly steps and tools. In some cases, identical subassemblies could be used in several models.

Toyota engineers then determined that the remaining critical bottleneck in the retooling process was the time required to change the stamping dies used for body parts. These were adjusted by hand, using crowbars and wrenches. It sometimes took as long as several days to install a large (multiton) die set and adjust it for acceptable quality. Further, these were usually installed one at a time by a team of experts, so that the line was down for several weeks.

Toyota implemented a strategy called Single Minute Exchange of Die (SMED), developed by Shigeo Shingo. With very simple fixtures, measurements were substituted for adjustments. Almost immediately, die change times fell to about half an hour. At the same time, quality of the stampings became controlled by a written recipe, reducing the skill required for the change. Analysis showed that the remaining time was used to search for hand tools and move dies. Procedural changes (such as moving the new die in place with the line in operation) and dedicated tool-racks reduced the die-change times to as little as 40 seconds. Dies were changed in a ripple through the factory as a new product began flowing.

After SMED, economic lot sizes fell to as little as one vehicle in some Toyota plants.

Carrying the process into parts-storage made it possible to store as little as one part in each assembly station. When a part disappeared, that was used as a signal to produce or order a replacement.
2.3 Philosophy
Just-in-time (JIT) inventory systems are not just a simple method that a company has to buy in to; it has a whole philosophy that the company must follow. The ideas in this philosophy come from many different disciplines including; statistics, industrial engineering, production management and behavioural science. In the JIT inventory philosophy there are views with respect to how inventory is looked upon, what it says about the management within the company, and the main principle behind JIT.

Firstly, inventory is seen as incurring costs instead of adding value, contrary to traditional thinking. Under the philosophy, businesses are encouraged to eliminate inventory that doesn’t add value to the product. Secondly, it sees inventory as a sign of sub par management as it is simply there to hide problems within the production system. These problems include backups at work centres, lack of flexibility for employees and equipment, and inadequate capacity among other things.

In short, the just-in-time inventory system is all about having “the right material, at the right time, at the right place, and in the exact amount.”

2.4 Effects
Some of the results were unexpected. A huge amount of cash appeared, apparently from nowhere, as in-process inventory was built out and sold. This by itself generated tremendous enthusiasm in upper management.

Another surprising effect was that the response time of the factory fell to about a day. This improved customer satisfaction by providing vehicles usually within a day or two of the minimum economic shipping delay.

Also, many vehicles began to be built to order, completely eliminating the risk they would not be sold. This dramatically improved the company's return on equity by eliminating a major source of risk.

Since assemblers no longer had a choice of which part to use, every part had to fit perfectly. The result was a severe quality assurance crisis, and a dramatic improvement in product quality. Eventually, Toyota redesigned every part of its vehicles to eliminate or widen tolerances, while 
Simultaneously implementing careful statistical controls. Toyota had to test and train suppliers of parts in order to assure quality and delivery. In some cases, the company eliminated multiple suppliers.

When a process problem or bad parts surfaced on the production line, the entire production line had to be slowed or even stopped. No inventory meant that a line could not operate from in-process inventory while a production problem was fixed. Many people in Toyota confidently predicted that the initiative would be abandoned for this reason. In the first week, line stops occurred almost hourly. But by the end of the first month, the rate had fallen to a few line stops per day. After six months, line stops had so little economic effect that Toyota installed an overhead pull-line, similar to a bus bell-pull, that permitted any worker on the production line to order a line stop for a process or quality problem. Even with this, line stops fell to a few per week.

The result was a factory that became the envy of the industrialized world, and has since been widely emulated.

The Just in Time philosophy was also applied to other segments of the supply chain in several types of industries. In the commercial sector, it meant eliminating one or all of the warehouses in the link between a factory and a retail establishment.

2.5 Benefits
As most companies use an inventory system best suited for their company, the Just-In-Time Inventory System (JIT) can have many benefits resulting from it. The main benefits of JIT are listed below.

Set up times are significantly reduced in the warehouse. Cutting down the set up time to be more productive will allow the company to improve their bottom line to look more efficient and focus time spend on other areas that may need improvement. 

The flows of goods from warehouse to shelves are improved. Having employees focused on specific areas of the system will allow them to process goods faster instead of having them vulnerable to fatigue from doing too many jobs at once and simplifies the tasks at hand. 

Employees who possess multi-skills are utilized more efficiently. Having employees trained to work on different parts of the inventory cycle system will allow companies to use workers in situations where they are needed when there is a shortage of workers and a high demand for a particular product. 

Better consistency of scheduling and consistency of employee work hours. If there is no demand for a product at the time, workers don’t have to be working. This can save the company money by not having to pay workers for a job not completed or could have them focus on other jobs around the warehouse that would not necessarily be done on a normal day. 

Increased emphasis on supplier relationships. No company wants a break in their inventory system that would create a shortage of supplies while not having inventory sit on shelves. Having a trusting supplier relationship means that you can rely on goods being there when you need them in order to satisfy the company and keep the company name in good standing with the public. 

Supplies continue around the clock keeping workers productive and businesses focused on turnover. Having management focused on meeting deadlines will make employees work hard to meet the company goals to see benefits in terms of job satisfaction, promotion or even higher pay. 

2.6 Problems
Within a JIT System
The major problem with Just In Time operation is that it leaves the supplier and downstream consumers open to supply shocks. In part, this was seen as a feature rather than a bug by Ohno, who used the analogy of lowering the level of a river in order to expose the rocks to explain how removing inventory showed where flow of production was interrupted. Once the barriers were exposed, they could be removed; since one of the main barriers was rework, lowering inventory forced each shop to improve its own quality or cause a holdup in the next downstream area. Just in Time is a means to improving performance of the system, not an end.

With shipments coming in sometimes several times per day, Toyota is especially susceptible to an interruption in the flow. For that reason, Toyota is careful to use two suppliers for most assemblies. As noted in Liker (2003), there was an exception to this rule that put the entire company at risk by the 1997 Aisin fire. However, since Toyota also makes a point of maintaining high quality relations 
with its entire supplier network, several suppliers immediately took up production of the Aisin-built parts by using existing capability and documentation. Thus, a strong, long-term relationship with a few suppliers is preferred to short-term, price-based relationships with competing suppliers.

2.7 Theory
Consider a (highly) simplified mathematical model of the ordering process.

Let:

K = the incremental cost of placing an order 

kc = the annual cost of carrying one unit of inventory 

D = annual demand in units 

Q = optimal order size in units 

TC = total cost over the year 

We want to know Q.

We assume that demand is constant and that the company runs down the stock to zero and then places an order, which arrives instantly. Hence the average stock held (the average of zero and Q, assuming constant usage) is Q / 2. Also, the annual number of orders placed is D / Q.

TC consists of two components. The first is the cost of carrying inventory, which is given by Q * kc / 2, i.e. the average inventory times the carrying cost per unit. The second cost is the cost of placing orders, given by D * K / Q, the annual number of orders, D / Q. times the cost per order, K.
Thus total annual cost is
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We differentiate TC with respect to Q and set it equal to 0 to find the Q for minimum total cost, giving
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which is known as the Economic Order Quantity or EOQ formula.

The key Japanese breakthrough was to reduce K to a very low level and to resupply frequently instead of holding excess stocks.

In practice JIT works well for many businesses, but it is not appropriate if K is not small.

The theory above can be fairly easily adapted to take into account realistic features such as delays in delivery times and fluctuations in demand.

Both of these are usually modelled by normal distributions.

The delay in delivery, in particular, means that additional 'safety stocks' need to be held if a stockout is to be rendered very unlikely.

UNIT-3
NEW JUST IN TIME
3.1 Introduction

A future successful global marketer must develop an excellent quality management system that impresses users and continuously provides excellent, quality products in a timely manner through corporate management. The author proposes New [image: image7]
JIT,[image: image8]
 a new management technology principle for manufacturing in the 21st century. New [image: image9]
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 contains hardware and software systems as next-generation technical principles for transforming management technology into the management strategy. The hardware system consists of the Toyota Marketing System (TMS), Toyota Development System (TDS) and Toyota Production System (TPS). These are the three core elements required for establishing new management technologies in the marketing, engineering and production divisions. To improve work process, quality of all divisions concerned with development, production and sales, the author proposes Toyota Total Quality Management utilizing Science SQC (TQM-S) as the software system. The author believes that New JIT's effectiveness has been demonstrated as described herein based on experience at Toyota.The production technology principle Japan contributed to the world in the latter half of the 20th century was the Japanese-style production system typified by the Toyota Production System (TPS). This system was enhanced by the quality management technology principle generally referred to as Just In Time (JIT). Today, however, improvements in the quality of Japanese-style management technology principles are strongly desired in the face of unexpected quality-related recall problems breaking out among industrial leaders, while at the same time delays in technical development cause enterprises to experience crises of existence .To realize manufacturing of the best quality for the customer in a rapidly changing technical environment, it is essential to create a core principle capable of changing the technical development work processes of development and design divisions. Similarly, it is important for the production division to develop a new production technology principle and establish new process management principles to enable global production. Furthermore, new marketing activities independent from past experience are required for sales and service divisions to achieve firmer relationships with customers. In addition, a new quality management technology principle linked with overall activities for higher work process quality in all divisions is necessary for an enterprise to survive. In this need for improvements, Toyota is no exception. For this reason, the author, anticipating the manufacturing of the next generation, has developed a new management principle called “New JIT” as the next step in the evolution of conventional JIT. 
3.2 Traditional TPS and TQM: JIT

Toyota Motor Corporation's production system, including JIT, is the manufacturing system Toyota developed in pursuit of optimum streamlining. It aims to “build quality in” using Total Quality Management (TQM) in the manufacturing process while following the principle of cost reduction. This is why Toyota often compared TPS and TQM to the two wheels of one vehicle To be able to manufacture vehicles that meet customer demands without fail, timely quality, cost and delivery (QCD) studies are important. To accomplish this, Toyota has positioned TPS and TQM as the two figurative pillars of our management technology principle.
As Fig. 1 shows, these two elements combine to flatten extreme curves and constantly raise mean values by maintaining and improving QCD research with TPS as the hardware technology and TQM as the software technology. As is widely known, use of the rational technique of statistical quality control (SQC) reduces fluctuations in and raises the average level of manufacturing quality as represented in the figure. From such meaning as well, it could perhaps be said that SQC is the root of manufacturing and the historical origin of TQM. Improvements in engineering quality are an urgent necessity in order to emerge victorious from extreme global competition in the area of quality. 
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Fig.1.  Relation between TPS and TQM.
The JIT concept and approach renovated vehicle production at Toyota. As a result of worldwide favorable evaluations of its effect, JIT became the core concept of manufacturing industries around the world in the 20th century. 

3.3 Today's management technology problem

 Toyota's TPS has already been developed as an internationally shared system, known as a Lean System and is no longer an exclusive technology of Toyota in Japan. The success of TQM principles in the US resulting from the realization of the importance of quality management through studying Japanese TQM (also referred to as Total Quality Control or TQC) has diminished the superiority of Japanese product quality due to Japanese-style quality management. 

Because of these reasons, we conjecture that it is clearly impossible to lead the next generation by merely maintaining the two Toyota management technology principles, TPS and TQM. To overcome this issue, it is essential to renovate not only TPS, which is the core principle of the production process, but also establish core principles for sales, production planning, design, development, and other departments. 

In order to accomplish this, the author and others identified technological management problems from the management's point of view based on an awareness survey of 72 executives and general management personnel from 12 Toyota group companies (Toyota, Denso and others) as shown in Fig. 2. This figure depicts overall management technology problems by using Quantification Class III analysis. The development division gives priority to the development of new products, the production division to next-generation production systems, and the marketing division to the development of new marketing methods. The common problem is revision of the organization or system through judicial sharing of information for better division-to-division coordination. 
[image: image12.png]The Development ivision|

(Devoprmeat i)

Analysis: Quantification Class 1T





Fig.2. Schematic drawing of Management Technology Problems throughout the Toyota Group (positioning of  opinion).

Such studies and analyses have clarified the core concepts necessary for the next-generation, new management technology principle, its roots, and the technical elements required for linking core concepts. As a result, it is considered strategically necessary to create a new management technology principle. This principle will be a new version of JIT with the new concept of linking the QCD research activities of all these departments. To facilitate excellent quality management that can contribute to engineering development worldwide, it is necessary to carry on precise and reasonable JIT activities so as to enhance the quality of work processes in all divisions. 

3.4 Proposal of New JIT for renovating quality management

3.4.1 The concept of New JIT for renovating quality management
The creation of attractive products requires the implementation of “Customer Science” to scientifically grasp customers’ tastes. To achieve this, the entire organization must be managed by each of the marketing, engineering and production divisions. All of these are organically combined by control divisions (Engineering Control, Production Control, Purchasing Control and Information Systems), the general administration division, and those in charge of motivating human resources and organizing the divisions as a whole. Therefore, a new organizational and systematic principle for the next-generation, new management technology principle, New JIT, for accelerating the optimization of work process cycles of all the divisions is necessary. 
The author has developed a new management technology principle, New JIT, as shown in Fig. 3, which contains hardware and software systems as the next-generation technical principles for transforming management technology into management strategy. The first item, the hardware system, consists of the TMS, TDS and TPS, which are the three core elements required for establishing new management technology principles for business planning, sales, R&D, design, engineering, and production, among others. 
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Fig.3. New JIT, A new principle called TQM-S at Toyota.

For the second item, software, the author has developed Toyota Total Quality Management utilizing “Science SQC” (TQM-S) as the system for improving work process quality of the 13 divisions shown in Fig. 3. In this concept, which was developed to make quality management more scientific, the quality management principle of “Science SQC” was added to TQM activities. Its advantageous effect has been demonstrated. This systemizes and organically organizes the new SQC operation by combining information technology (IT) with SQC. 

Thus, divisions are linked organically as shown in Fig. 3 below. We believe that this linkage contributes to further growth and development of the three core elements of New JIT, and general solutions have to be approached by clarifying the gaps that exist in theory, testing, calculation and 
actual application. For further  details of “Science SQC” with four principles (Scientific SQC, SQC Technical Methods, Integrated SQC Network and Management SQC). 

3.4.2. Three subsystems of New JIT

3.4.2.1. TMS: The first principle
The expectations and role of the first principle, TMS, as shown in Fig. 4 include the following: 
Market creation  through the gathering and use of customer information.
Improvement of product value by understanding the elements essential to raising merchandize value.

Establishment of hardware and software   marketing systems to form ties with customers.

Realization of the necessary elements  for adopting a corporate attitude (behavioral norm) of enhancing customer value and developing customer satisfaction (CS), customer delight (CD), customer retention (CR), and networks.
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Fig.4. Schematic  drawing of TMS.

The practical application of “Science SQC,” the effectiveness  of which was demonstrated by the author in establishing TMS in the sales division as well as contributing to business through product planning departments, is termed “Marketing SQC”. In order to scientifically conduct market surveys not confined only to readily apparent sales, recognize the importance of “Marketing SQC,” which contributes to future development, and carry out customer-oriented global marketing, the implementation of “Customer Science” is becoming more and more important, not least in terms of properly linking TMS, TDS, and TPS. 

3.4.2.2. TDS: The second principle

The expectations and role of the second principle, TDS, as shown in Fig. 5, is the systemization of a design management method which is capable of clarifying the following: 

· Collection and analysis of updated internal and external information that emphasizes the importance of design philosophy.

· Development design process.

· Design method that incorporates enhanced design technology for obtaining general solutions.

· Design guidelines for designer development (theory, action, decision-making).
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Fig 5. Schematic drawing of TDS.

The application of “Science SQC” to improve the process quality of design work in order to realize these criteria is called “Design SQC”. To create the latest technology in response to technological evolution, it is important to implement “Design SQC” so that it may contribute to the development of proprietary technology, its continuation, and its further advancement. The important thing is to 
establish general technological solutions, rather than particular solutions, by building up partial solutions. The true objective of establishing TDS is to create technologies through optimum design brought about by information sharing. 

3.4.2.3. TPS: The third principle

The expectations and new role of the third principle, TPS, as shown in, comprise the following: 

· Customer-oriented production control systems that place the first priority on internal and external quality information.

· Creation and management of a rational production process organization.

· QCD activities using advanced production technology.

· Creation of active workshops capable of implementing partnership.
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Fig.6. Schematic  drawing of TPS.
The application of “Science SQC” to strengthen the overall production organization to achieve these objectives is called “Production SQC”. One of the objectives of TPS implemented through the application of “Production SQC” is to solve bottleneck technical problems at the production engineering (preparation) and production stages. The second objective is to establish a rational, scientific process control method for achieving a highly reliable production system.
                                                  UNIT-4
KANBAN
4.1.  INTRODUCTION
Kanban (in kanji also in katakana  where "kan " means visual, and "ban " means card or board) is a concept related to the Lean or Just In Time (JIT) production, but these two concepts are not the same thing. (The Chinese word "kanban" is a common everyday term meaning "sign" or "card" and utterly lacks the specialized meaning which this loanword has acquired in English.) According to Taiichi Ohno, the man credited with developing JIT, kanban is the means through which JIT is managed.

Kanban is a signaling system. As its name suggests, Kanban uses cards to signal the need for an item. Other devices such as plastic markers (Kanban squares) or balls (often golf balls) can also be used to trigger the movement, production, or supply of a unit in a factory.

For example, in the production of a widget, the operator has two shelves, one on either side of the workplace. The raw materials arrive on one shelf and the finished article on the other. These shelves act as kanbans. The outgoing kanban signals the customer's need so that when it is empty, the operator must produce one more widget.

The Kanban is sized so that it can only hold however many the customer needs (usually one). When the operator begins work, he takes the raw material from the incoming kanban, thus signalling to the supplier that he needs more.

Kanban is frequently known as a "pull" system, as everything is pulled in response to past demand. Demand forecasts are not used in kanban systems. This is the opposite of the traditional "push" manufacturing philosophy, in which everything is made to forecasted future needs.

With this in mind, it is not surprising that an important determinant of the relative merits of "push" and "pull" is the quality of the demand forecast. If forecasts are good, then the kanban system will effectively waste useful information, whereas a good "push" system will produce just the right quantities at the right times. In contexts where demand is difficult to forecast, on the other hand, the best one can do is to quickly respond to observed demand. This is exactly what a kanban system does, as a demand signal immediately propagates through the entire chain. "Push" systems often encounter serious difficulties when demand forecasts turn out to be inaccurate.

The Kanban system might be visualised as a "Three bin system" for the brought out parts ( where there is no inhouse manufacturing)- one bin on the factory floor, one bin in the factory store and one 
bin at the Suppliers' store. The bins usually have a removable card that contains the product details and other relevant information - the Kanban card. When the bin on the shop floor is empty, the Kanban card is removed and given to the store. The store then replaces the bin on the factory floor with a full bin which also contains a removable Kanban card. The store then contacts the Supplier and indicates the need to replenish the Kanban card. The product also containing a Kanban card is delivered into the factory store completing the final step to the system. So it will never run out of product, providing of course, the cards are reliably collected from empty containers. It is a perfect "push-pull" that could also be described as a "loop", providing the exact amount required, with only "one" spare so there will never be an issue of "over-supply". The secret to a good Kanban system is to calculate how many Kanban cards are required for each product. Most factories use the coloured board system (Heijunka Box). This consists of a board created especially for the purpose of holding the Kanban cards.
In many high-tech manufacturing enterprises, the just-in-time (JIT) philosophy has been adopted widely in their production system to minimize the level of inventory. Prior to making any comments on the pros and cons of the application of JIT theory in manufacturing situations, it should be defined clearly. The American Production and Inventory Control Society (APICS) defines JIT as “In broad sense, an approach to achieving excellence in a manufacturing company based on the continuing elimination of waste (waste being considered as those things which do not add value to the product). In the narrow sense, JIT refers to the movement of material at the necessary place at the necessary time. The implication is that each operation is closely synchronized with the subsequent ones to make that possible”. 

From the narrow sense, the underlying principle of JIT manufacturing philosophy is to produce the right quantity at the right time with the right quality level. To produce the desired quantity that both internal and external customers demand, at the time that they demand it, the kanban manufacturing system would be the most appropriate. “Kanban” is the Japanese word meaning for a card. In JIT, production is triggered by a kanban signal, which usually comes from the customer order or the master production schedule, the signal then flowing backwards via each work centre. Each work-in-progress (WIP) container is attached with a kanban, specifying the details of 
that particular WIP such as product name, part code, card number, batch number, lot size, due date, etc. By implementing JIT concepts in manufacturing, many of the practitioners experience advantages such as shorter lead times, fewer inventories, and higher quality. 

4.2. Literature review

Several studies agreed with Toyota’s equation for computing the optimal number of kanbans required for production. The optimal number of kanbans, n, can be expressed generally by the following equation:
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where dave is the average daily demand, tw the waiting time, tpc the processing time per container, s the safety factor, and k the container size. 

In a high variety/low volume manufacturing environment, difficulties are encountered with the implementation of a kanban system. Stockton and Lindley [11] highlighted the limitations of traditional approaches in applying group technology in the captioned environment. A process sequence cells algorithm was proposed to balance the production of each working cell. The layout of equipment was generated, which enabled the appreciation of kanban signal to control the material movement. 

Anwar and Nagi [15] proposed a different point of view to the common belief of best JIT strategy. In their paper, they found that the product makespan and the production cost could be reduced further if efficient lot grouping combined with scheduling is adopted. Parameters such as due dates, number of units to be produced, processing time, set-up time and successor operations were taken into considerations. The scheduling problem was solved by integrated mathematical programming and heuristic algorithm techniques. The overall reduction in cost after suitable grouping of products is mainly due to the advantage coming from the shared operation set-up times and better material handling. 
4.3. ROLE OF KANBAN IN Just-in-time manufacturing    system

4.3.1. General description
There are two type of manufacturing system Pull-type and the Hybrid-type manufacturing systems. Both of the JIT manufacturing systems are modelled as a six-station flow line model. For the Pull-type manufacturing system, it is scheduled that station k withdraws materials from the previous station k−1. After completing the process required on station k, the WIP from this station are send forward to the downstream station k+1, at the same time the kanban card will be sending backward to the upstream station k−1, which actuates the production of the next container of material. Moreover, station k−1 will trigger the production process when it receives both the kanban signal from station k and the required material from k−2 station. Fig. 1 shows the mechanism of material and message flow in the Pull-type manufacturing system. In other words, every station will not start the production process unless both a kanban signal and the relevant input material are present. 
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Fig. 1 . Mechanism of the material and message  flow in a Pull-type manufacturing system.
The Hybrid manufacturing system is a combination of the Push- and Pull-type modes. For the one studied in this paper, the raw materials are pushed from station 1 to station k, until the last 
production station. This type of manufacturing system differs from Pull-type manufacturing in the flow of the message. The kanban signal, instead of flowing backwards from station k to station k−1, flows from the last station directly back to the first station to actuate the production activities in station 1. Sometimes this mode of operations is defined by other researchers as a long-Pull manufacturing system. Fig. 2 shows the mechanism of material and message flow in the Hybrid-type manufacturing system. 
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Fig. 2. Mechanism of the material and  message flow in a Hybrid-type manufacturing system.
4.3.2. Role of  Kanban size in the just-in-time manufacturing system
Most of time we  use single-card kanban manufacturing system. Experiments are carried out by varying the kanban size from 5 units to 100 units, applied to the following cases: (i) single product Pull-type manufacture; (ii) single product Hybrid-type manufacture; and (iii) multi-products Hybrid-type manufacture. 

It is commonly believed and has been proven that kanban size is a critical factor in providing better customer service. The control of kanban is a kind of inventory control strategy since kanban authorizes the production of any product at a suitable time. Consequently, the number of kanbans and the size of kanbans should be determined prudently to optimize the manufacturing conditions 
(e.g. less overtimes, higher machine utilization, fewer rush orders), as well as to maximize economical benefits. 
4.3.3. Towards better customer service

In order to achieve better customer service, manufacturers should be able to fulfil their customer needs JIT. If the aim is to produce as many products as possible in the shortest time, then a large kanban size would be adopted to minimize the set-up time. Less time spent for set-up implies more time for production; however, the product variety would have to reduce. On the other hand, if the production of a variety of products is a necessity, a smaller kanban size would have to be adopted to provide a much better product mix pattern. In other words, better product mixture but at a much lower production volume. Moreover, a manufacturing system with a large kanban size leads to the creation of an excessive inventory, which consumes resources but generates no immediate return from sales revenues. Furthermore, an inventory conceals many problems in the manufacturing systems, some of which are as follows: (i) a high machine breakdown rate; (ii) poor quality leading to a high defect rate; (iii) shortage of raw material; (iv) high employee absenteeism; (v) imbalance of the workload along the production line; (vi) an excessive long set-up time; and (vii) an inefficient material handling system. As a consequence, a balance must be achieved between kanban size, production volume and product variety. 

4.4 DETERMINING SIZE OF KANBAN
4.4.1. Methodology

Fig. 3 shows the flow diagram employed in determining the kanban size for production . From the first step, i.e., “Create the material arrival schedule”, down to the step “Try all kanban size for various products?” are the steps involved in the simulation phase. The remaining steps demonstrate how to determine the feasible kanban size for production. 
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Fig. 3. A flow diagram used to determine the kanban size.

4.4.2. Simulation models

To test the effect of the kanban size on different types of JIT manufacturing systems, two simulation models are developed using the SIMPROCESS simulation package. 

There are basically two simulation models; Fig. 4 and Fig. 5 show the systems built in the SIMPROCESS environment. The figures show both the flow paths of materials and kanban cards. Six sequential production stations are built in the simulation model, between each of which a WIP 
buffer is allocated. Another type of buffer will be used to model the collection of kanban signals in the Pull-type manufacturing system, i.e., the kanban signal buffers. It is worth stressing here that these kanban signal buffers are not physical buffers, but are not modelled here only for the simulation purposes. In each experiment, the kanban size can be varied by changing the capacity of the WIP buffer. This buffer is of finite capacity so that the maximum level of the WIP is equal to the kanban size. 
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Fig.4.  Simulation model of the Pull-type manufacturing system.
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Fig.5.  Simulation model of the Hybrid-type manufacturing system.
Fig. 4 shows a Pull-type manufacturing system where there are two types of buffers placed between the workstations, one for WIP, i.e., WP1,WP2,…,WP6, and the other one for kanban signal, i.e., m1,m2,…,m5. Fig. 5 shows a Hybrid-type manufacturing system where only a WIP buffer was placed between workstations, since there is only material flow between them but no kanban signal flow except for station 1. Therefore, only one kanban signal buffer, i.e., message, is used for receiving the feedback signal from station 6 to station 1. In fact, this signal is used to authorize the production at station 1. 

4.4.2.1. Assumptions

The simulation models have been developed with the following assumptions: (1) the machines are all reliable; (2) the first station will never starve for materials; (3) finished goods are being checked out at the end of each period; (4) the travelling time of the kanban signal is negligible; (5) the travelling time of the WIP between stations is insignificant when compared to the processing time; (6) the machine can perform only one type of operation at a time; (7) the due date and the demand sizes of all parts are known; (8) a virtual message is available at the beginning of the simulation to initiate the first production run in the Hybrid system; and (9) six virtual messages are available at the beginning of the simulation to initiate the first production run in the Pull system.
UNIT-5

OTHER TOOLS OF LEAN MANUFACTURIN SYSTEM

5.1 JIDOKA
Jidoka (a.k.a. autonomation) a term used in lean manufacturing meaning “automation with a human touch.”.It is a quality control process used in the toyota production system which applies the following four princples:

· Detect the abnormality.

· Stop.

· Fix or correct the immediate condition.

· Investigate the root cause  and install a countermeasure.

Jidoka  involves the automatic detection of errors or defects during production. When a defect is detected the halting of production forces immediate attention to the problem.

The halting causes slowed production but it is belived that this help to detect a problem earlier and avoid the spread of bad practices.
5.2 POKA – YOKE (Mistake Proofing) 

             

Poka Yoke is a quality management concept developed by a Matsushita manufacturing engineer named Shigeo Shingo to prevent human errors from occurring in the production line. Poka yoke (pronounced “poh-kah yoh-kay”) comes from two Japanese words – “yokeru” which means “to avoid”, and “poka” which means “inadvertent errors.” Thus, poka yoke more or less translates to “avoiding inadvertent errors”. The main objective of poke yoke is to achieve zero defects. In fact, it is just one of the many components of Shingo’s Zero Quality Control (ZQC) system, the goal of which is to eliminate defective products. 
POKA-YOKE means designing the process in such a way that specific errors are prevented from causing major problems to the customers. That is, designing the process to be error- free through “error proofing”.

A widely used form of error proofing is the design of the machines and tools so as to make human error impossible.
Poka yoke is more of a concept than a procedure.  Thus, its implementation is governed by what people think they can do to prevent errors in their workplace, and not by a set of step-by-step instructions on how they should do their job. 

    

Poka yoke is implemented by using simple objects like fixtures, jigs, gadgets, warning devices, paper systems, and the like to prevent people from committing mistakes, even if they try to! These objects, known as poka yoke devices, are usually used to stop the machine and alert the operator if something is about to go wrong. 

 

Anybody can and should practice poka yoke in the workplace. Poke yoke does not entail any rocket science - sometimes it just needs common sense and the appropriate poka yoke device. Poka yoke devices should have the following characteristics: 1) useable by all workers; 2) simple to install; 3) does not require continuous attention from the operator (ideally, it should work even if the operator is not aware of it); 4) low-cost; 5) provides instantaneous feedback, prevention, or correction.  A lot of Shingo's poka yoke devices cost less than $50!

 

Of course, error-proofing can be achieved by extensive automation and computerization. However, this approach is expensive and complicated, and may not be practical for small operations.  Besides, it defeats the original purpose of poka yoke, which is to reduce defects from mistakes through the simplest and lowest-cost manner possible.

 

Poka yoke is at its best when it prevents mistakes, not when it merely catches them. Since human errors usually stem from people who get distracted, tired, confused, or demotivated, a good poka yoke solution is one that requires no attention from the operator. Such a poka yoke device will prevent the occurrence of mistake even if the operator loses focus in what she is doing.

 

Examples of 'attention-free' Poke Yoke solutions:
1) A jig that prevents a part from being misoriented during loading

2) Non-symmetrical screw hole locations that would prevent a plate from being screwed down incorrectly

3) Electrical plugs that can only be inserted into the correct outlets

4) Notches on boards that only allow correct insertion into edge connectors

5) A flip-type cover over a button that will prevent the button from being accidentally pressed

    

Three levels of Poka-Yoke:
1) Elimination of spills, leaks, losses at the source or prevention of a mistake from being committed

2) Detection of a loss or mistake as it occurs, allowing correction before it becomes a problem

3) Detection of a loss or mistake after it has occurred, just in time before it blows up into a major issue (least effective)

  Poka yoke is sometimes referred to in English by some people as “fool-proofing”.  However, this doesn’t sound politically correct if applied to employees, so the English equivalent used by Shingo was "error avoidance." Other variants like “mistake proofing” or “fail-safe operation” have likewise become popular.  
Tools may be designed to sense the presence and correctness of prior operations automatically or to stop the process on sensing depletion of the material supply. For example, in the textile industry a break in a thread releases a spring loaded devices which stop the machine. Protective system e.g. fire detection, can be designed to be “fail safe” and to sound alarms as well as all clear signals.

The second major form of error proofing is the redundancy requiring multiple improbable events to occur simultaneously before a defect can be created or can escape. Automated 100 percent inspection may be superimposed on the process control so that, if abnormalities occur, then immediate feedback will be provided and action can be taken.A third approach helps human beings to reduce their own fallibility. For example, use of programmed indexing fixture, optical magnification, viewing through closed circuit television, simultaneous signals to multiple senses. 
	PRINCIPLE


	OBJECTIVE
	EXAMPLE

	Elimination
	Eliminating the possibility of

Error
	Redesigning the process or product so that the task is no longer necessary.

	Replacement
	Substituting the more reliable

process for the worker
	Using robotics      (e.g. in welding or painting, filling )



	Facilitation
	Make the work easier to perform

	Color coding parts, using fixtures.

	Detection
	Detecting the error before further processing

	Developing computer software which notifies the worker when wrong entry is made

	Mitigation

(lessening)
	Minimizing the effect of error

	Utilizing fuses for overload circuits.


5.3 Cellular Manufacturing (CM)

           
Cellular Manufacturing (CM) refers to a manufacturing system wherein the equipment and workstations are arranged in an efficient sequence that allows a continuous and smooth movement of inventories and materials to produce products from start to finish in a single process flow, while incurring minimal transport or waiting time, or any delay for that matter.  CM is an important ingredient of lean manufacturing.

                In order to set up a single process flow (or single product flow) line, it is necessary to locate all the different equipment needed to manufacture the product together in the same production area.  This is in contrast with the traditional 'batch and queue' set-up wherein only similar equipment are put in the same area.  Under a 'batch and queue' set-up, products that need to undergo processing under a certain equipment need to be transported to the area where the equipment are located. There they are queued for processing in batches. Such a system sometimes results in transport and batching delays.  In a single process flow set-up, the products simply transfer from one equipment to the next along the same production line in a free-flowing manner, avoiding transport and batching delays.

The single process flow set-up described above is an example of a 'work cell'.  A work cell is defined as a collection of equipment and workstations arranged in a single area that allows a product or group of similar products to be processed completely from start to finish.  It is, in essence, a self-contained mini-production line that caters to a group of products that undergo the same production process. Cellular manufacturing involves the use of work 'cells', which is how it got its name.

                       

Since differently-processed products need different work cells, a large company with diversified products needs to build several, different work cells if single process flows are desired.  Given enough volume of products to work with, work cells have been proven by experience to be faster and more efficient in manufacturing than 'batch and queue' systems. 

    

Because of the free flow of materials in cellular manufacturing, it has the ability to produce products just in time. This means that every unit processed at one station will get processed in the next station. As such, no inventories that have already undergone processing at one station will be left unprocessed in another station.  This prevents the build-up of non-moving inventories, which are 
products that have already incurred some production costs but can not generate revenues because they are stuck somewhere along the process. Aside from preventing non-moving inventories, process issues are immediately detected by just-in-time production, since defective products are seen earlier than if products are manufactured in large batches and queued.

    

One technique that cellular manufacturing can use to achieve 'just-in-time' production is the 'pull system', wherein required inventories and materials are requested or 'pulled in' by each station from the station preceding it.  This 'pull' can originate from the end customer itself, thereby ensuring that the products manufactured are only those needed to satisfy a customer order. This prevents wastes from products not being sold.  

          

It is not enough to simply arrange different equipment in sequence to make cellular manufacturing really work.  Bottlenecks along the single process flow must be eliminated, usually by balancing the equipment capacities with each other.  If bottlenecks exist, then the higher-capacity equipment within the line will be underutilized. Balancing equipment capacities may mean: 1) choosing 'right-sized' equipment that match each other; and/or 2) combining two or more  smaller capacity equipment to match one larger-capacity equipment. 3) reduced inventory levels; 4) optimized use of floor space; 5) shorter production cycle times; 6) higher effective manufacturing capacity; and 7) improved customer response time. As a result, the over-all production cost becomes lower and profits become greater.
5.4 KAIZEN
Kaizen (“change for better” or “improvement”  “continuous improvement” or “continual improvement”.) is an approach to productivity improvement.

The goals of kaizen include the elimination of waste (defined as “activities that add cost but not value”).
Kaizen is a daily activity whose purpose goes beyond improvement. It is also a process that, when done correctly, humanizes the work place, eliminates hard work (both mental & physical).

Cycle of kaizen activity can be defined as: standardize an operation->measure the standardized operation (find cycle time & amount of in-process inventory) ->gauge measurements against requirements->innovate to meet requirement &increase productivity-> standardize the new, improved operation->continue cycle. This is also known as Deming cycle, or PDCA.
5S is a reference to five Japanese words:

· Seiri: tidiness, organization. Refer to the practice of sorting through all the tools, materials, etc.; in the work area and keeping only essential items. Everything else is stored or discarded. This lead to fewer hazards & less clutter to interfere with productive work.

· Seiton: orderliness. Focuses on the need for an orderly workplace. Tools, equipment, & materials must be systematically arranged for the easiest & most efficient access. There must be place for every thing, & everything must be in its place.
· Seiso: cleanliness. Indicates the need to keep the workplace clean as well as neat. Cleaning in Japanese companies is a daily activity. At the end of each shift, the work area is cleaned up and everything is restored to its place.

· Seiketsu: standards. Allows for control and consistency. Basic housekeeping standards apply everywhere in the facility. Everyone knows exactly what his or her responsibilities are. House keeping duties are part of regular work routines.

· Shitsuke: sustaining discipline. Refers to maintaining standards and keeping the facility in safe and efficient order day after day, year after year.   
5.5 Total Productive Maintenance (TPM)

          

Total Productive Maintenance (TPM) refers to a management system for optimizing the productivity of manufacturing equipment through systematic equipment maintenance involving employees at all levels.  Under TPM, everyone is involved in keeping the equipment in good working order to minimize production losses from equipment repairs, assists, set-ups, and the like.

         

In the 1950’s, equipment maintenance is not practiced to be preventive, and predominantly involves just the act of repairing a piece of equipment after it breaks down (breakdown maintenance).  Factory managers eventually realized the importance of preventing equipment breakdowns in order to boost productivity. Thus, systems for subjecting equipment to scheduled maintenance activities in order to prevent unforeseen breakdowns (preventive maintenance) became popular. Under this scheme, equipment maintenance is the sole responsibility of technical personnel.
In the 1970’s, the concept of ‘productive maintenance’ emerged, rolling into one system the following: preventive maintenance, equipment reliability engineering, equipment maintainability engineering, and equipment engineering economics. Under this system, the technical or engineering group still has the main responsibility for equipment maintenance.

     

The concept of ‘true’ TPM wherein everyone from the operator to top management owns equipment maintenance came about shortly after. TPM embraces various disciplines to create a manufacturing environment wherein everyone feels that it is his or her responsibility to keep the equipment running and productive.  

     

Under TPM, operators no longer limit themselves to simply using the machine and calling the technician when a breakdown occurs.  Operators can inspect, clean, lubricate, adjust, and even perform simple calibrations on their respective equipment. This frees the technical workforce for higher-level preventive maintenance activities that require more of their technical expertise. Management should also show interest in data concerning equipment uptime, utilization, and efficiency. In short, everyone understands that zero breakdowns, maximum productivity, and zero defects are goals to be shared by everyone under TPM.

       

Aside from eliminating equipment downtimes,  improving equipment productivity, and zeroing out defects, TPM has the following goals: improvement of personnel effectiveness and sense of ownership, reduction of operational costs, reduction of throughput times, and customer satisfaction down the road. 

    

TPM can not be implemented overnight. Normally it takes an organization at least two years to set an effective TPM system in place. TPM activities are carried out in small teams with specific tasks. Every level in the over-all organization must be represented by a team or more.  

         

TPM has 8 key strategies:  1) Focused Improvements (Kaizen);  2) Autonomous Maintenance;  3) Planned Maintenance;  4) Technical Training;  5) Early Equipment Management;  6) Quality Maintenance;  7) Administrative and Support Functions Management; 8) Safety and Environmental Management.

        

TPM eliminates 6 big losses:  1) Breakdowns, which can result in long, expensive repairs;  2) Set-ups, conversions, and changeovers;  3) Idling and minor stoppages;  4) Reduced equipment speed;  5) Defects and Rework;  6) Start-up Losses.

      

TPM requires the mastery of 4 equipment maintenance techniques:  1) Preventive Maintenance to prevent breakdowns;  2) Corrective Maintenance to modify or improve an equipment for increased reliability and easier maintenance;  3) Maintenance Prevention to design and install equipment that are maintenance-free; and  4) Breakdown Maintenance to repair equipment quickly after they break down.

     

                               UNIT-6
A CASE STUDY OF IMPLEMENTATION OF LEAN(TOYOTA) PRODUCTION SYSTEM IN

 MINDA RIKA Pvt. Ltd. 

Mindarika and Minda Group






MINDA GROUP

Minda – The Group on the move

Minda Group is India’s foremost manufacturer of a range of automotive components. The Group has an annual turnover of US $ 121 million (Rs.545 Crore) and is a leading supplier to Original Equipment Manufacturers.

The Minda Group product profile comprises of:

Switches – 2 / 3 wheelers
Switches – 4 wheelers
Lighting
Horns
Alternate Fuel Kits - LPG / CNG Fuel Kits

We have joined hands with global leaders to constantly fine-tune our offerings and have some of the most reputed automotive component manufacturers as our joint-venture partners such as: 
Tokai Rika Co. Ltd., Japan
Fiamm S.P.A, Italy
The Key Mantras that have propelled our growth story are: 

	Relentless pursuit for excellence

	Benchmarking ourselves against the best 

	Focus on developing world-class facilities

	Emphasis on providing innovative design solutions

	Continuous thrust on product improvement

	Constant up gradation of skill sets in the workforce


CORPORATE OUTLINE

Established: 1958 

Chief Executive: Mr. NK Minda, Managing Director
Number of Employees: 2500
Annual Turnover: Over US $ 121 million (Rs. 545 Crore) 
	Corporate Office: 
Minda Industries Limited 
Vill. Nawada Fatehpur, 
P.O. Sikanderpur Badda, 
Manesar
Distt. Gurgaon
Haryana – 122004
	Registered Office:
B-73, Wazirpur Industrial Area
Delhi - 110052 


Minda Group is a specialized automotive components manufacturer that provides products
and solutions to automobile companies across the globe.

 
The Group comprises of the following companies:
	Minda Industries Limited

Minda Industries Limited is the flagship company of the Minda Group and looks after the design, development and manufacturing of 2/3 wheeler and off-road vehicles' switches. The company employs over 1200 people and has manufacturing facilities in Gurgaon, Pune, Delhi, Hosur and Aurangabad.


	Mindarika Pvt. Ltd.

Mindarika Pvt. Ltd. is a Joint Venture between Minda Industries Limited, Tokai Rika Company Limited, Japan and Sumitomo Corporation, Japan to produce automotive switches for four-wheeler vehicles. The company has a manufacturing facility at Gurgaon and employs 400 people. 
 

	Minda TYC Automotive Limited

Minda TYC Automotive Limited is a Joint Venture between Minda Industries Limited and TYC Brother Industrial Company Limited, Taiwan to produce automotive lighting. 
The company has manufacturing facilities in Sonepat, Gurgaon and Pune and employs around 400 people. 
 

	Minda Fiamm Acoustic Limited

Minda Fiamm Acoustic Limited is a Joint Venture between Minda Industries Limited and Fiamm S.p.A, Italy to produce 2/3 wheeler automotive horns. The company has manufacturing facilities in Delhi & Gurgaon and employs around 250 people. 
 

	Fiamm Minda Automotive Limited

Fiamm Minda Automotive Limited is a Joint Venture between Fiamm S.p.A Italy and Minda Industries Limited to produce four-wheeler automotive horns.
 

	Minda Impco Limited

Minda Impco Limited is a Joint Venture between Minda Industries and Impco Technologies Inc., USA to offer alternate fuel products and solutions to customers. The company has its facility in Gurgaon and employs around 70 people.
 

	PT Minda ASEAN Automotive

PT Minda ASEAN Automotive is a new company set up by the Minda Group in Indonesia to cater to the needs of 2 wheeler manufacturers in the ASEAN region. This facility is likely to be operational by the end of 2005.


MINDA RIKA
MINDARIKA PVT. LTD. - 4 WHEELER SWITCH DIVISIONS
Mindarika Pvt. Ltd., with Rs. 843.7 million (US $ 19.62 million) in revenue, is India’s largest four wheeler automotive switch manufacturer. 

Mindarika has consciously evolved into a complete design and development centre for four wheeler automotive switches. It offers customized solutions to the automotive industry in the realm of product improvisation and new product development and has very strong localization capabilities.

The core strengths at Mindarika are skilled manpower, adherence to the highest quality standards and providing cost effective solutions.

ABOUT TOKAI RIKA (JOINT VENTURE PARTNER)
Established in 1948, Tokai Rika Company Limited is the foremost player in the world when it comes to automotive switches. The main product lines are Human Interface Systems and Controls, Security Systems, Safety Systems, Exterior Components and Electrical Appliances & Devices. It has 20 subsidiaries and joint venture companies that span the world.

With pioneering work on Human Interface Technologies which help cars communicate better with people and makes driving more interactive, the endeavour at Tokai Rika is to make the car feels an extension of human senses and impulses and make driving as any other natural human function. 

These "Human Interface" technologies enable Tokai Rika to produce automobile control systems and components that accurately relay human commands, as well as security devices that prevent unauthorized entry and safety systems that protect human lives. 
Mindarika is consistently winning accolades across categories of products in the automotive switches segment. The belief is to offer innovative solutions for clients’ problems and to serve them better through customer-centric solutions.

LEVER COMBINATION SWITCHES
	Light Switch

	Dimmer & Passing Switch

	Wiper Switch

	Washer Switch

	Hazard Switch


Besides these, on offer are additional features like:
	Intermittent Time Control

	RR Washer / Wiper Switches

	Horn Switch


BOARD OF DIRECTORS

	Name
	Designation

	Shri. SL Minda
	Chairman

	Shri. Nirmal K Minda 
	Managing Director

	Shri. Ashok Minda
	Director

	Shri. B.R.Agarwal 
	Director

	Shri. Raja Ram Gupta 
	Director

	Shri. Subhash Lakhotia
	Director

	Shri. S.K. Arya 
	Director


Customer Name :

HINDUSTAN MOTORS LTD.

TATA MOTORS LTD.

EICHER MOTORS LTD.

FIAT INDIA AUTOMOBILES LTD.

FORD INDIA LTD.

GENERAL MOTORS INDIA LTD.

HONDA SIEL CARS INDIA LTD.

MAHINDRA AND MAHINDRA LTD.

MARUTI UDYOG LTD.

TOYOTA KIRLOSKAR MOTORS LTD.
6.2 The Toyota Production System: 

6.2.1Introduction 

The Toyota Production System is a manufacturing process is a manufacturing process model developed by Toyota that led to their dominance in the auto industry. This production approach enabled Toyota as well as many other companies to achieve major improvements in productivity and quality.

The Toyota Production System was built on three key factors that differentiated it from practices being employed by their competitors in the auto industry:

1. Reduced lot sizes, leading to production flexibility.

2. Controlling parts required in production to enable them to be provide

    When and where they are needed for specific tasks.

3. Arranging production equipment in the order that people work and value 

    is added instead of grouping by equipment function.      
This system has been so successful that its methods are frequently imitated, and the approach has been applied in the areas of product development, service delivery, and business management systems.

6.2.1 Basic idea and Framework

The Toyota production system is a technology of comprehensive production management the Japanese invented a hundred years after opening up to the modern world. The basic idea of this system is to maintain a continuous flow of products in factories in order to flexibly adapt to demand changes. The realization of such production flow is called Just-in-time production, which means producing only necessary units in a necessary quantity at a necessary time. As a result, the excess inventories and the excess work-force will be naturally diminished, thereby achieving the purposes of increased productivity and cost reduction.

The basic principle of Just-in-time production is rational; that is, the Toyota production system has been developed by steadily pursuing the orthodox way of production management. With the realization of this concept, unnecessary intermediate and finished product inventories would be eliminated. However, although cost reduction is the system's most important goal, it must achieve three other sub-goals in order to achieve its primary objective. They include:

1. Quantity control, which enables the system to adapt to daily and monthly fluctuations in demand in terms of quantities and variety;
2. Quality assurance, which assures that each process will supply only good units to the subsequent processes; 
3. Respect-for-humanity, which must be cultivated while the system utilises the human resource to attain its cost objectives.

It should be emphasised here that these three goals cannot exist independently or be achieved independently without influencing each other or the primary goal of cost reduction. All goals are output of the same system; with productivity as the ultimate purpose and guiding concept, the Toyota production system strives to realise each of the goals for which it has been designed. Before discussing the contents of the Toyota production system in detail, an overview of this system is in order. The outputs or result side as well as the inputs or constituent side of the production system are depicted. A continuous flow of production, or adapting to demand changes in quantities and variety, is created by achieving two key concepts: Just-in-time and Autonamation. These two concepts are the pillars of the Toyota production system.
Just-in-time basically means to produce the necessary units in the necessary quantities at the necessary time. 
Autonamation ("Jidoka" in Japanese) may be loosely interpreted as autonomous defects control. It supports Just-in-time by never allowing defective units from the preceding process to flow into and disrupt a subsequent process. Two concepts also key to the Toyota production system include
 Flexible work force ("Shojinka" in Japanese) which means varying the number of workers to demand changes, and
 Creative thinking or inventive ideas ("soikufu"), or capitalising on workers suggestions.
To realize these four concepts, Toyota has established the following systems and methods: 

1. Kanban system to maintain Just-in-time production

2. Production smoothing method to adapt to demand changes

3. Shortening of set-up time for reducing the production lead time

4. Standardisation of operations to attain line balancing

5. Machine layout and the multi-function worker for flexible work force

6. Improvement activities by small groups and the suggestion system to reduce the work force

and increase the worker's morale.

7. Visual control system to achieve the Autonamation concept

8. Functional Management system to promote company-wide quality control
6.2.2 Just-in-time production

The idea of producing the necessary units in the necessary quantities at the necessary time is described by the short term Just-in-time. Just-in-time means, for example, that in the process of assembling the parts to build a car, the necessary kind of sub-assemblies of the preceding processes should arrive at the product line at the time needed in the necessary quantities. If Just-in-time is realised in the entire firm, then unnecessary inventories in the factory will be completely eliminated, making stores or warehouses unnecessary. The inventory carrying costs will be diminished, and the ratio of capital turnover will be increased.

However, to rely solely on the central planning approach which instructs the production schedules to all processes simultaneously, it is very difficult to realise Just-in-time in all the processes for a product like an automobile, which consists of thousands of parts. Therefore, in Toyota system, it is necessary to look at the production flow conversely; in other words, the people of a certain process go to the preceding process to withdraw the necessary units in the necessary quantities at the necessary time. Then what the preceding process has to do is produce only enough quantities of units to replace those that have been withdrawn.

6.2.3 Kanban system

Many people think the Toyota production system a Kanban system: this is incorrect. The Toyota production system is a way to make products, whereas the Kanban system is the way to manage the Just-in-time production method. In short, the kanban system is an information system to harmoniously control the production quantities in every process. It is a tool to achieve just-in-time production. In this system what kind of units and how many units needed are written on a tag-like card called Kanban. The Kanban is sent to the people of the preceding process from the subsequent process. As a result, many processes in a plant are connected with each other. This connecting of processes in a factory allows for better control of necessary quantities for various products. The Kanban system is supported by the following:
· Smoothing of production

· Reduction of set-up time design of machine layout Standardizations of jobs

· Improvement activities

· Autonamation.
 A kanban is usually a card put in a rectangular vinyl envelope. Two kinds are mainly used: Withdrawal Kanban and Production-ordering Kanban.  

Suppose we are making products A, B, and C in an assembly line. The parts necessary to produce these products are a and b which are produced by the preceding machining line(fig A). Parts a and b

produced by the machining line are stored behind this line, and the production-ordering Kanbans of the line are attached to these parts. The carrier from the assembly line making product A will go to the machining line to withdraw the necessary part a with a withdrawal kanban. Then, at store, he picks up as many boxes of this part as his withdrawal kanbans and he detaches the production-ordering kanban attached to these boxes. He then brings these boxes back to his assembly line, again with withdrawal kanbans. At this time, the production-ordering Kanbans are left at store a of the machining line showing the number of units withdrawn. These Kanbans will be the dispatching information to the machining line. Part a is then produced in the quantity directed by that number of Kanbans. In this machining line, actually, parts a and b are both withdrawn, but these parts are produced according to the detached order of the production-ordering Kanbans.
6.2.3.1 Aim Of Kanban System
A production control system for just-in-time production and making full use of workers' capabilities is the Kanban System. Utilizing Kanban System, workshops of Toyota have no longer'relied upon an electronic computer. It is shown in Fig. 1. The reasons to have employed Kanban System instead of computerized systems are as follows:

(1) Reduction of cost processing information. It calls for huge cost to implement a system that provides production schedule to all the processes and suppliers as well as its alterations and adjustments by real time control.
(2) Rapid and precise acquisition of facts. Using Kanban itself managers of workshops may perceive such continuosly changing facts as production capacity, operating rate, and man power without help of a computer. Hence, data of schedules corresponding to the change are accurate, which urge workshops to found responsibilty systems and to promote activities for spontaneous improvements.
(3) Limiting surplus capacity of preceding shops. Since an automotive industry consists of multistage processes, generally the demand for the item (the part) becomes progressively more erratic the further the process point is removed from the point of the original demand for finished goods. Preceding processes become required to have surplus capacity, and it is more liable to have waste of over-producing.
6.2.3.2 Description of Kanban system
 (1) In the Kanban system, a form of order card called Kanban is .used. These come in two kinds, one ... which is called 'conveyance Kanban', that is carried when going from one process to the preceding proc( The other is called 'production Kanban' and is used to order production of the portion withdrawn by subsequent process. These two kinds of Kanban are always attached to the containers holding parts.
(2) When content of a container begins to be used, conveyance Kanban is removed from the container. A worker takes this conveyance Kanban and goes to the stock point of the preceding process to pick up this part. He then attaches this conveyance Kanban to the container holding this part.
(3) Then, the 'production Kanban' attached to the container is removed and becomes a dispatching information for the process. They produce the part to replenish it withdrawn as early as possible.

(4) Thus, the production activities of the final assembly line are connected in a manner like a chain to the preceding processes or to the subcontractors and materialize the just-in-time production of the entire processes. The equation for calculating the number of Kanban that play the most important part in this. 
System is as follows:
Let,   

Y= Number of Kanban.

D= Demand per unit time
Tw=Waiting time of Kanban.

Tp=Processing time.

a=Container capacity (not more than 10% of daily requirement).

α = Policy variable (not over 10%).

  Then,                                           y =           a/ D(Tw + Tp)(l +α) 
Notable points of operations of Kanban System - meaning of the equation computing number of Kanban.

​
[image: image23]
In order to materialize Toyota Production System through Kanban improvements System, we do not accept each factor as a given condition, but we attach importance to modify each by means of positive

(1) A is a policy variable, which is determined according to workshop's capability to manage external interference. 
(2) D is determined with a smoothed demand.
(3) Value of y is rather fixed despite variation of D.  Therefore, when D increases, it is required to reduce the    value of (Tw + Tp), that is a lead-time. At a workshop with insufficient capability of improvement, they cannot avoid overtime for a while. They might even cause line-stops. However, the ultimate objective of Toyota Production System is to visualize such wastes as overtime and line​ stop, and to urge each workshop to become capable in improvement. Incapable shops might have to cope with the situation by means of increasing a, that is, number of Kanban for the time being. Hence, the top managers consider the value of a as an indicator of shop capability in improvement.
(4) In the case that demands decreases, the lead-time becomes relatively larger.Consequently waste of increasing idleness becomes visibleWhich is an object of improvement called "Syojinka" - to Decrease the number of workers as demand (production) Decreases.

(5) Work-in-process inventory could become much less by conducting an improvement to reduce the value of a, a, and

 (Tp + Tw).

What Toyota considers as a goal through Kanban system related above is total conveyor line production system connecting all the external and internal processes with invisible conveyor lines. Because, a set of values of a, a, and Tw is 0, 1, and 0, respectively, which means nothing but attribute of a conveyor line. All the parts that constitute a vehicle are processed and assembled on a conveyor line, raising its added value. Finally they come out as a completed vehicle one-by-one. On occurrence of troubles, the whole line may stop, but it begins to move again immediately. Toyota Production System is a scheme seeking realization of such an ideal conveyor line system, and Kanban is a conveyer connecting all the processes.

Expansion of just-in-time production by reduction of set-up times of pressing dies
In applying the concept of just-in-time production for reduction of lead times and work-in​process inventory, we faced difficulty in press shops practising lot production. After discussing a solution of this difficulty in lot production, we concluded that lead-time was proportional to set-up times using the following illustration.
Let,

T
=
Operation time a day or 480 minutes

S
=
Total set-up time for all products, assuming that S is independent of sequence of products.
tmi
=
Unit processing time for the ith product.

di
=
Demand for the ith product per day

x
=
Lead time for all products (in number of days).

Qi        =
Lot size for the ith product

Lead time is proportional to set-up times for a given set of tmi and di for all i= 1, 2, ..., n. Lot size for each product Qi is; Qi = di . x for all i= 1, 2, ..., n.
T.X= S+ L tmi.di x 
( T-L tmi.di )x = S 

X= S/ T- L. tmi.di

Improvements in production engineering have been made so as to reduce set-up times since 1971. We have succeeded in reducing set-up time down to 10 min at 800 ton-line pressing hood, fender and others, while it used to take 1 hour. (Under the present condition of western countries, 4 to 6 hours as shown in Table 1.)

The result = the present condition of Toyota

As related above, Toyota has built up a unique production system through its history of more than 20years. 

 The results are as follows:

(1)Labour productivity is the highest among automotive industries of major countries. (Table 2.)

(2)Turnover rate of working asset is also extremely high.(Table 3)
(3) Number of proposals and rate of acceptance in a proposal system shows the condition that workers positively participate in improvement. (Table 4.)
	
	Toyota
	A (U.S.A)
	B (Sweden)
	C (W. Germany)

	
	
	
	

	Set-up time (hour)
	0.2
	6
	4
	4

	Number of set-ups a day
	3
	1
	-
	0.5

	Lot size
	1 day-uset
	10 days-use
	1 month-use
	

	Strokes per day
	500-550
	300
	
	


Table 1. Press plant productivity characteristics (hood and fender).
For less demanded products (below 1000 units per month), as large as 7 days-use.
	
	Takaoka plant

of Toyota
	A (U.S.A)
	B (Sweden)
	C (W. Germany)

	Number of employees
	4300
	3800
	4700
	9200

	Number of outputs a
	2700
	1000
	1000
	3400

	day
	
	
	
	

	Man-hours

for
	1.6
	3.8
	4.7
	2.7

	completion of vehicle
	
	
	
	


Table 2. Man-hours for completion of a vehicle in automotive assembly plants of major countries.
	
	Toyota
	A (Japan)
	B (U.S.A)
	C (U.S.A)

	1960
	41
	13
	7
	8

	1965
	66
	13
	5
	5

	1970
	63
	13
	6
	6

	Table 3. Turnover rate of working assets in automotive companies of major countries.


	Year

	Total Number of proposals
	Number of proposals per capita
	Acceptance Rate

	1965
	9000
	1.0
	

	1970
	40000
	2.5
	70

	1973
	2647000
	12.2
	76

	1976
	380000
	15.3
	83


Table 4. Transition of number of annual proposals per capita and acceptance rate.
6.2.4 Autonamation-Jidoka
In order to realize Just-in-time perfectly, 100 per cent good units must flow to the prior process, and this flow must be rhythmic without interruption. Therefore, quality control is so important that it must coexist with the Just-in-time operation throughout the Kanban system. Autonamation means to build in a mechanism a means to prevent mass-production of defective work in machines or product lines. Autonamation is not automation, but the autonomous check of abnormality in the process.
The autonomous machine is a machine to which an automatic stopping device is attached. In Toyota factories, almost all the machines are autonomous, so that mass-production of defects can be prevented and machine breakdowns are automatically checked.
· Jidoka
The term 'Jidoka' as used at Toyota means 'to make the equipment or operation stop whenever an abnormal or defective condition arises'. In short, its distinctive feature lies in the fact that when an equipment trouble or machining defect happens, the equipment or entire line stops, and any line with workers can be stopped by them.

The reasons for 'Jidoka' being so important are as follows:
1. To prevent making too much. If the equipment is made to stop when the required amount is produced , making too much cannot arise. Consequently , the just- intime production can be accurately carried out.
2. Control  of abnormality becomes easy . It will only be necessary to make improvements by directing attention to the stopped equipment  and the worker who did the stopping. This is an important requirement when making up the system of ‘full utilization of workers capabilities’ related next.Toyota has made countless number of improvements to realize ‘Jidoka’. 
6.2.5 Andon System
The idea of autonamation is also expanded to the product lines of manual works. If something abnormal happens in a product line, the worker pushes  STOP button, thereby stopping is whole line for the purpose of detecting troubles in each process, an electric light board called ANDON, indicating a line stop, is hung so high in a factory that it can easily be seen by everyone. 
UNIT-7 
PRODUCT STUDY

7. Product Study

7.1 Switch introduction 

	Product  Name 
	Lever Combination Switch

	Product Function
	To control Turn Signal Light/ Dimmer wiper function and Hazard Function 


[image: image24.jpg]Model Name WAGON-R,ALTO,VERSA
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7.2. PRESENT CONDITION OF ASSY. LINE (Nov.’2005)
	Customer Requirement


	1200 Switch per shift



	Lead time
	279 hrs

	Value added time

	8.083 hrs

	Production  per Shift 

	812 switches 


7.3 Main draw -back before modifications:
· Material was kept stock at every shop on floor-area.
· WIP inventory was lying on shop floor area in wait for next operations in every shop.
· Long queue at final inspection due to only one station.
· Long wait for mock test due to only one test Rig.
· Flow of material is not uniform. Items are produced in advance to supply on time, lot of storage of WIP & Finish goods.
· Gang ways were blocked due to material lying on floor-area (wait for next operation).
· Assembly line was not having conveyer line leads to slow movement.
· Push system of production
· High stock of  inventory
· High stock of WIP inventory 
· Higher lead time
· Less value added time
· Less flexibility
· Higher rate of rejection 
· Less inspired workers 
· Increase in production volumes is difficult

7.4 REQUIREMENT Vs CAPACITY CHART
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7.5 SOURCES OF INSPIRATION FOR CHANGE TO LEAN
· Increase in customer demand

· Benefits of lean system

· Motivation from collaboration company

· Management commitment
7.6 ACTION PLAN

· STUDY OF CURRENT CONDITION
· TRAINING OF HIGH-LEVEL STAFF

· TRAINING OF WORKERS

· UNDERSTANDING VALUE STREAM MAPPING

· CURRENT MAP STATE 

· FUTURE MAP STATE 

· MAP RESULTS & STUDY EFFECTS
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7.7 METHODOLOGY & TECHNIQUES

· TOOLS OF LEAN MANUFACTURING

· SUPER MARKET CONCEPT
· PULL SYSTEM
· VALUE STREAM MAPPING
· CURRENT STATE MAP
· FUTURE STATE MAP
7.8 VALUE STREAM MAPPING
A value stream is a collection of all actions (value-added as well as non-value-added) that are required to bring a product (or a group of products that use the same resources) through the main flows, starting with raw material and ending with the customer .These actions consider the flow of both information and materials within the overall supply chain. The ultimate goal of VSM is to identify all types of waste in the value stream and to take steps to try and eliminate these .While researchers have developed a number of tools to optimize individual operations within a supply chain, most of these tools fall short in linking and visualizing the nature of the material and information flow throughout the company’s entire supply chain. Taking the value stream viewpoint means working on the big picture and not individual processes. VSM creates a common basis for the production process, thus facilitating more thoughtful decisions to improve the value stream .VSM is a pencil and paper tool, which is created using a predefined set of standardized icons .The first step is to choose a particular product or product family as the target for improvement. The next step is to draw a current state map that is essentially a snapshot capturing how things are currently being done. This is accomplished while walking along the actual process, and provides one with a basis for analyzing the system and identifying its weaknesses. The third step in VSM is to create the future state map, which is a picture of how the system should look after the inefficiencies in it have been removed. Creating a future state map is done by answering a set of questions on issues related to efficiency, and on technical implementation related to the use of lean tools. This map then becomes the basis for making the necessary changes to the system.
· What is the takt time?

‘‘Takt time’’ refers to the rate at which customers are buying products from the production line; i.e., the unit production rate that is needed to match customer requirements. It is calculated by dividing the total available time per day by the daily customer demand. 
As per requirement of 1500 pcs. in 8 hr shift
Total time available is 480 min
Takt comes out is =  480/1500=19.2 sec
7.9 VALUE STREAM MAP (CURRENT)
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7.10 FUTURE VALUE STREAM MAP
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7.11 IMPROVEMENT AREA   IDENTIFICATION

BOTTLE NECK  OPERATION 

(1) FINAL TESTING PROCESS

(2) CANCELLATION TESTING PROCESS

7.11.1 IMPROVEMENT 1 (BOTTLE NECK -1)

ACTION- in house designed and PLC BASED dual CAVITY CANCELLATION TESTING M/c WITH TOUCH SCREEN
[image: image29.png]



RESULT: TWO SWITCHES TESTING AT THE SAME TIME RESULTING INTO TIME REDUCTION.                                                                                 
7.11.2 IMPROVEMENT 2 (BOTTLE NECK -2)

 ONLINE CONDITION (BEFORE)          ONLINE CONDITION (AFTER) [image: image30.png]


                                                             

7.11.3 IMPROVEMENT 3 (PRODUCTIVITY)

ACTION :- CHANGE IN ASSEMBLY LINE LAYOUT

[image: image31.png]



RESULT :- REDUCTION IN OPERATOR MOVEMENT

7.11.4 IMPROVEMENT 4 (QUALITY)

ACTION:- SPECIAL TRAY FOR CONTACT HOLDERS

[image: image32.png]



RESULT:- NO CHANCE OF CONTACT DAMAGE

7.11.5 IMPROVEMENT 5 (PRODUCTIVITY)

ACTION :- INSTALLATION OF CONVEYER ON LINE

[image: image33.png]



RESULT : ONE PIECE FLOW AND LOADING, UNLOADING TIME SAVED

7.11.6 IMPROVEMENT  6 (PRODUCTIVITY)

ACTION :- BODY GREASING IN SINGLE FIXTURE
[image: image34.png]



RESULT:- BOTH SIDE BODY GREASING IN SINGLE STROKE REDUCTION  CYCLE TIME 

7.11.7 IMPROVEMENT 7 (QUALITY)

ACTION:- OVERHANGING MAGNIFYING GLASS
[image: image35.png]



RESULT:- NO DEFECT FLOW OUT TO NEXT OPERATION 
7.11.8 IMPROVEMENT 8 (QUALITY)
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PROXIMITY SENSOR WITH REFLECTOR

RESULT :- NO CHANCES OF MORE THAN ONE BALL ASSY

7.11.9 IMPROVEMENT  9 (QUALITY)

ACTION: - MOCK UP POSITION NEAR TO THE LINE

[image: image37.png]



RESULT: NO TRANSPORTATION OF THE SWITCHES
7.11.10 IMPROVEMENT  10 (SAFETY)

ACTION:- INSTALLATION OF BRUSHLESS ELACTRIC SCREW DRIVER TIGHTENING
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       BEFORE                                                                        AFTER

7.11.11 IMPROVEMENT  11 ( QUALITY)

ACTION:- SINGLE PIECE AT ANY POINT OF TIME

[image: image39.png]



RESULT :- SINGLE PIECE FLOW ON ASSEMBLY LINE 
7.11.12 OVERALL VIEW ( AFTER)
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8. CONCLUSION

Indian  organizations  should  adopt  a  suitable  operational  strategy  to  suit  the  Indian  working

Environment to become a world class organization. By this way they will be in a position to take the advantage of opportunities available in today.s global market. To make this dream true an organization has to improve upon the its weaknesses The Indian Industries have to work hard to achieve the goals by using proper tools and techniques, which are suitable to their work culture, conditions and available infrastructure.

 All over the world, Lean Manufacturing System is a well-accepted manufacturing philosophy. LMS is suitable in Indian context also. Its simplicity and use of common industrial engineering tools make it suitable for Indian context. But the same time top management commitment,

employees and suppliers/ vendors Participation is very essential. 

The above case study and empirical study prove that Lean Manufacturing Systems are suitable operational philosophy for Indian industries to satisfy the customers by delivery of improved quality products at competitive price.
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		IN-CHARGE:  DHRAMBIR ROHILLA &ABSHIEK KR.

		S. No.		Activity		Month / Year		Status

		Nov-05		Dec-05		Jan-06		Feb-06		MAR-06		Apr-06

		1		Understanding the current condition		 		 		 		 		 		 		Completed

		2		Training of Lean Mfg. For Officer / Staff 		 		 		 		 		 		 

		3		Training of Workmen of  Mfg.		 		 		 		 		 		 		Completed

		4		Understanding of Value stream Mapping		 		 		 		 		 		 		Completed

		5		Capture current state Map		 		 		 		 		 		 		Completed

		6		Draw Future State Map		 		 		 		 		 		 		Completed

		7		Action Plan with Status & Resp.		 		 		 		 		 		 		Completed

		8		Capturing Results / Benefits		 		 		 		 		 		 		CONTINUED












































































