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Abstract 

 

APPLYING LEAN METHODS TO THE AUTOMOTIVE  

INDUSTRY 

 

 

Vinay Mohan, M.S.E 
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Supervisors:  William Grady 

       Anthony P. Ambler 

 

 

'Lean Manufacturing' is a production practice that aims to reduce shop floor inventory in 

a manufacturing firm. Its origins extending deep into Japanese history, manufacturing 

works on tight material control policies and aims to achieve as close to 'stockless 

production' and 'zero inventories' as possible. The goals of Lean Manufacturing or the 

seven zeroes (zero defects, setup time, breakdowns, handling, lead time and surging) 

hence all strive to achieve zero inventory by producing what is needed when needed, 

thereby eliminating storage costs and capital tied up in inventory. The history of 

manufacturing in America is explored and compared to that of far eastern societies. This 

thesis then introduces the development of JIT, Lean Manufacturing and their immediate 



 vii 

effects on the world. Techniques are explored for implementing lean methods in an 

automobile manufacturing firm – whether (and how) an automobile manufacturer can 

bring down his costs using the same and what changes will need to be done to their 

existing manufacturing processes. Advantages, disadvantages and possible setbacks one 

may encounter while attempting to implement lean methods are also explored.  
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Chapter 1: Introduction 

AIM AND CHOICE OF METHODOLOGY 

Though companies usually launch projects to implement lean manufacturing in 

their factories with enthusiasm, once a project leader is appointed and a vision of their 

future developed, it’s not uncommon for the team to begin to struggle with just where to 

begin and how to implement its future vision (Hobbs,2004). What they lack is a step-by-

step guide and a ‘how to’ methodology that explains how exactly to achieve their aim of 

a lean factory. There exists no single source for these techniques but are, rather, results of 

evolution of long existing techniques in the industry. The methods described in this thesis 

have roots in the days of Frederick Taylor and Henry Ford and reflect their work in 

assembly line balancing and documentation of results. These techniques were later (post 

world war II) improved by Japanese car manufacturers, who developed kanban material 

handling systems and were reintroduced to the western world in the 1980s with terms 

such as TPS (Toyota Production System), JIT (Just-in-time) and Kanban. Manufacturing 

has no shortage of buzzwords and catchphrases (TQM, JIT, CFM, MRP, ERP, to name a 

few) but one shouldn’t become intimated by all this heady terminology ; when the day is 

done, the aim of all manufacturing professionals is the same – gaining a larger market 

share using manufacturing as a market differential. The above buzzwords simply describe 

the choice of methodology used to achieve that goal.  
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HISTORY OF MANUFACTURING 

America started off as a vast continent that offered unparalleled resources and 

unlimited opportunities for development. Between the 1700’s and 1900’s, following the 

first industrial revolution, when America embraced the new factory system, America did 

not invent revolutionary concepts, but borrowed concepts from the old world and adapted 

it to the new, where the needs were different. The ‘scientific method’ was one of the 

cultural forces that permeated the American factory system at the time, of which a 

fundamental tenet was the ‘reductionist’ method’. By this method, systems were analyzed 

by breaking then down into subsystems or their component parts and analyzed separately, 

rather the system as a whole. This was in sharp contrast to far eastern management 

systems, that preferred a systems or holistic approach (which eventually influenced the 

development of the just in time (JIT) systems in Japan). The difference between these 

methods of analyzing manufacturing systems can be illustrated by the starkly differing 

responses taken by the Americans and Japanese to one of the problems of manufacturing 

systems, the setup time. Setup time is the time required in manufacturing industries for 

the changeover of a machine from making one product to another (changing of dies, for 

example).  For decades, setup times were regarded as constraints given (in American 

Industrial engineering literature), leading to the development of a number of 

mathematical models for determining the ‘optimal’ lot size that would balance cost/time 

wasted due to setups against inventory carrying costs (Hopp,2008). This view made 

perfect sense from the American reductionist perspective, in which setups were a given 

for a system under consideration. The Japanese, however, who viewed manufacturing 
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systems in the more holistic sense, recognized that setup times were not a given and that 

they could be reduced. Moreover, from a systems perspective, there was clear value in 

reducing setup times. Clever use of jigs, fixtures, off-cycle preparations, and the like, 

which became known as single minute exchange of die (Shingo 1985), enabled some 

Japanese factories to achieve significantly shorter setup times than those in comparable 

American plants. In particular, the Japanese automobile industry became among the most 

productive in the world ; these plants became simpler to manage and more flexible than 

their American counterparts.  

 

Prior to the first industrial revolution, production was small scale , for limited 

markets and labor-intensive, rather than capital intensive (Hopp,2008). Work was carried 

out under 2 systems – the domestic system, in which material was ‘put out’ by merchants 

to homes where people performed the necessary operations , and the craft guilds , in 

which work was passed from one shop to another. The single most important innovation 

of the industrial revolution was the steam engine, developed by James Watt in 1765 and it 

is said that Adam Smith and James Watt did more to change the world around them than 

anyone else in their period of history as it was Smith who told us why the modern factory 

system, with its division of labor was desirable, while Watt showed us how to do it. 

Vertical integration was the first step in a distinctively American style of manufacturing. 

The second and more fundamental step was the production of interchangeable parts in the 

manufacture of complex multipart products. Prior to the innovation of interchangeable 

parts, the making of a complex machine was carried out entirely by an artisan, who 
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fabricated and fitted each required piece. The American style of manufacturing , 

emphasizing mass production through vertical integration and interchangeable parts, 

started two important trends that impacted the nature of manufacturing management. 

First, the concept of interchangeable parts greatly reduced the need for specialized skills 

on the part of the workers. Second, by embedding specialization in machinery instead of 

people, the American system placed a greater premium on general intelligence than on 

specialized training.  

 

 By the beginning of the 20th century, integration , vertical and horizontal, had 

already made America the land of big business. High volume production was 

commonplace in process industries such as steel, aluminum, oil, chemicals etc. 

(Hopp,2008) Mass production of mechanical products such as sewing machines, 

typewriters and industrial machinery, based on new methods for fabricating and 

assembling interchangeable metal parts, was in full swing.  
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Figure 1.Schematic representation of vertical and horizontal integration in the automobile 

industry 

 

Dubbed the ‘industry of industries’ by Peter Drucker almost 60 years ago, 

automobile manufacturing is still the world’s largest manufacturing activity, with almost 

52,000,000 passenger vehicles produced in 2009. However, it remained for Henry Ford 

(1863-1947) to make high speed mass production of complex mechanical products 

possible with his famous innovation, the moving assembly line. After World war I , 

General Motors’ Alfred Sloan and Henry Ford moved world manufacture from centuries 
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of craft production – led by European firms – into the age of mass production. Ford 

recognized the importance of throughput velocity and in an effort to speed production, he 

abandoned the practice of skilled workers assembling substantial subassemblies and 

workers gathering around a static chassis to complete assembly. Instead, he sought to 

bring the product to the worker in a nonstop, continuous stream. After Ford, mass 

production became almost synonymous with assembly-line production. 

 

 

Figure 2. Workers on the first moving assembly line invented by Henry Ford 
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Chapter 2: Lean Production 

INTRODUCTION 

The rise of Japan to its current economic status is a result of ‘lean production’ , 

pioneered by Eiji Toyoda and Taiichi Ohno (of the Toyota Motor Company) in Japan 

after World War II. Perhaps the best way to describe this innovative production system is 

to compare it with craft production and mass production, the two other methods devised 

to make things. While craft production, which uses highly skilled workers and flexible 

tools makes exactly what the consumer wants, the problem with it is obvious – goods 

produced by the craft method (as automobiles once were) cost too much for most people 

to afford. Hence, mass production was developed as an alternative at the beginning of the 

20th century, which uses narrowly skilled professionals to design products made by 

unskilled or semi skilled workers using expensive machines. The mass producer adds 

many buffers (extra raw material, supplies, extra workers and extra space) since the 

machinery is expensive and intolerant of disruptions. Also, standard designs are kept in 

production for as long as possible because changing over to a new product costs more. 

The result is the consumer getting lower costs but at the expense of variety. (Hobbs,2004) 

 

 In contrast, the lean producer combines the advantages of both craft and mass 

production while at the same time avoiding the high cost of the former and the rigidity of 

the latter. Teams of multiskilled workers are employers and highly flexible, automated 

machines are used to produce volumes of products in large variety. Known as ‘lean’ 

because it uses half the human effort, half the manufacturing space and half the 

investment in tools, it also requires less than half the needed inventory, resulting in fewer 

defects and produces a greater variety of products.  
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 The most striking difference between lean production and mass production lies in 

their objectives. Mass production works on a limited goal – ‘good enough’ or an 

acceptable number of defects, a maximum acceptable level of inventory and a narrow 

range of standard products. On the other hand, lean producers aim at perfection – zero 

defects, zero inventories and endless product variety.  

 

      
Table 1. Craft production versus mass production in the assembly division (1913 and 

1914), minutes of effort to assembly various products and % reduction in effort. 
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THE ORIGINS OF JIT AND LEAN PRODUCTION 

The mass production techniques introduced to the world by Henry Ford were 

adopted and used by the automotive industry for half a century and eventually extended 

itself to every industrial company in North America and Europe. But now, these very 

techniques, so ingrained in the manufacturing sector are hindering efforts of many 

western companies to be competitive and move ahead to lean production.  

 

MASS PRODUCTION 

So many companies even today persist in mass production techniques. When 

introducing these techniques, Henry Ford not only adopted the interchangeable part, he 

also perfected the interchangeable worker. While skilled workers/fitters in his craft 

production plant of 1908 gathered the necessary parts by hand, obtained tools from the 

work room, repaired them if necessary and then performed the assembly/fitting job for 

the entire vehicle, the assembler on Ford’s new mass production line’s only task was to 

put two nuts on two bolts or occasionally attach a wheel to each car. He didn’t have to 

procure tools, order parts or even understand what workers on either side of him were 

doing. Of course, someone did have to figure out how all the parts came together and 

what each worker had to do – this was the task for the newly created professional – the 

industrial engineer. A production engineer arranged delivery of parts and housecleaning 

workers were usually sent around frequently to clean up work area. Skilled workmen 

repaired tools and specialists checked quality. This separation of labor had its advantages 
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– the worker required only a few minutes of training at the most and he was disciplined – 

the assembly line speeded up the slow and slowed down the speedy.  

 

THE DIFFUSION OF MASS PRODUCTION 

One of the main reasons the ‘Big 3’ American firms were losing their market 

share was the loss of competitive advantage as mass production became commonplace all 

over the world. Ford was very open in discussing his manufacturing techniques and even 

directly demonstrated all aspects of mass production in Europe. (Womack,1991) 

 

In the early days, Europe specialized in two types of cars which Americans did 

not offer at the time – compact, economy cars (eg. The Volkswagen Beetle) and sporty, 

fun-to-drive cars, such as the MG. Combined with Europe’s lower wages, these product 

variations were their competitive opening into world export markets. They also 

concentrated on introducing new product features into their automobiles such as fuel 

injection, disc brakes, front-wheel drive and so on.  Hence, they racked up success after 

success for a period of twenty five years, from the 1950s to the 1970s. However, as 

became apparent in the late 1980s, the European production systems were simply copies 

of the American systems, with less efficiency and accuracy in the factory. Eventually, 

just as it had happened in the US, the factory workers in Europe realized that their work 

in mass production was not a means to eventually sustain themselves by self employment 

back home but was, in fact, their work for life. The dead monotony of mass production 

plants suddenly began to seem unbearable and a wave of unrest followed.  
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This stagnation of mass production in the US and Europe may have continued 

indefinitely if Japan’s new motor industry had not emerged. The Japanese were 

developing an entirely new way of making things, beginning with automobiles, which we 

now call Lean Production.  

 

THE RISE OF LEAN MANUFACTURING 

APICS, or the American Production and Inventory Control Society is an 

organization for professionals working in the field of Operations Management. APICS 

defines Lean Manufacturing as  

 

“A philosophy of production that emphasizes the minimization of the amount of all the 

resources (including time) used in the various activities of the enterprise.  It involves: 

… identifying and eliminating non-value-adding activities, 

… employing teams of multi-skilled workers, 

… using highly flexible, automated machines” 

 

One of the best ways to understand what lean manufacturing is to start with its 

roots in the Toyota Production System. The best way to understand lean manufacturing is 

to start with its roots in the Toyota Production System. Toyota started its production 

methodology by following basic principles set out by Henry Ford with the moving 

assembly line. Ford had preached the importance of creating continuous material flow, 

standardizing processes, and eliminating waste and in the process, his company turned 



 12 

out millions of black Model-Ts and evolved to wasteful batch production methods of 

building up huge banks of work-in-process inventory throughout the value chain and 

pushing each product to the next stage of production, regardless of demand. Toyota did 

not have this luxury, lacking space, money, and the large volumes of one type of vehicle 

and hence, it had to (and did) develop a system that flexibly responded to customer 

demand and was efficient at the same time. 

 

In the 1970s and 1980s, while American manufacturers were learning the MRP 

(Materials Requirements Planning) system of production scheduling, something entirely 

different was under way in Japan. Similar to what the Americans had done earlier, the 

Japanese had started to evolve a distinctive style of manufacturing that eventually 

sparked a period of huge economic growth (Hopp,2008). The manufacturing techniques 

behind the success of the Japanese in this sphere have become collectively known as just-

in-time (JIT). The roots of JIT undoubtedly extend deep into Japanese cultural, 

geographic and economic history. Because of their history of living with space and 

resource limitations, the Japanese are inclined towards conservation. This has made tight 

material control policies easier to accept in Japan than in the American society. Also, as 

mentioned , eastern culture is more systems-oriented than western culture with its 

reductionist scientific roots. Policies that cut across individual workstations, such as 

cross-trained floating workers and total quality management, are more natural in this 

environment. Geography has also certainly influenced Japanese practices. Policies 

involving delivery of materials from suppliers several times per day are simply easier in 
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Japan, where industry is spatially concentrated, than in America, with its wide-open 

spaces.  

 

 

Figure 3. The Toyota Production System – Conceptual Structure 

 

The Toyota Production System (TPS) was developed to become competitive in 

world markets, particularly competing with Henry Ford, while addressing the particular 

circumstances Toyota faced in Japan. Through years of trial and error on the shop floor, 

Toyota discovered that they could simultaneously achieve high quality, low cost, and 

just-in-time delivery by “shortening the production flow by eliminating waste.” This 

simple concept is at the heart of the TPS and what distinguishes it from the older mass 
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production paradigm it supplants. The focus is always on shortening the production flow 

and waste is anything that gets in the way of a smooth flow. The theoretical ideal is 

continuous one-by-one piece flow. While this ideal is rarely realized, practitioners of TPS 

understand directionally that performance of the system will improve if the system is 

moving toward continuous flow by eliminating waste. 

 

Though it has been more than seventy years since Henry Ford introduced Ford’s 

Model A with its all-steel body, almost all motor vehicle bodies are manufactured by 

welding about three hundred metal parts stamped by sheet metal even today. These 

stampings are produced by one of two methods : 

 

1. Craft manufacturers like Aston Martin cut sheets of metal to a rough shape, 

then beat these by hand on a die to obtain the required shape.  

 

2. Mass producers which include auto makers from Porsche to General Motors 

run a large roll of sheet steel through an automated press to produce a stack of flat 

blanks that are slightly larger than the final part required. These blanks are then 

inserted into massive stamping dies which induce thousands of pounds of pressure 

on them and force the blank to take a three dimensional shape of a car fender or a 

truck door.  
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These massive and expensive western press lines were designed to operate at a 

rate that could produce a million or more of a part in a year. These dies could be changed, 

but doing so presented lots of difficulties – they were heavy and workers had to align 

them with precision. Misalignments meant wrinkled parts, or worse, led to the sheet 

metal melting in the die, leading to expensive repairs. To avoid these problems, die 

specialists were usually called in and a full day set aside for die change and alignment.  

Pioneers at the Toyota Motor Company developed ideas to develop simple die change 

techniques which would allow frequent change of dies. This was implemented by using 

rollers to move the dies in and out of position and simple alignment methods. Also, since 

these ideas were simple enough to master and production workers were usually idle 

during the die changeover time, Ohno (one of the pioneers at TMC) decided to let the 

workers perform the die changes. By the late 1950s , Ohno had reduced the time required 

to change dies from a day to an astonishing three minutes (Womack,1991). He also 

discovered that it was cheaper to produce small batches of stampings than to run off 

enormous batches. There were two reasons for this unexpected phenomenon  

1. Carrying costs of huge inventories were eliminated when small batches were 

produced.  

2. Making a few parts before assembling allowed one to catch stamping mistakes 

almost instantly.  
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These consequences made workers in the stamping shop more conscious about quality 

and it eliminated the waste of large numbers of defective parts, which were discovered 

long after manufacture.  

 

The most direct source of many of the ideas represented by JIT is the work of Taiichi 

Ohno at Toyota Motor company. The principal challenge from a production control 

standpoint was to maintain a smooth production flow in the face of a varied product mix. 

Moreover, to avoid waste, this had to be accomplished without large inventories. Taiichi 

Ohno described the system evolved at Toyota to address this challenge as resting on two 

pillars :  

1. Just- in-time, or producing only what is needed.  

2. Autonomation, or automation with a human touch.  

Ohno’s goal was to have each workstation acquire the required materials from 

upstream workstations precisely as needed, or just in time. Just-in-time requires a very 

smoothly operating system. If materials are not available when a workstation requires 

them, the entire system may be disrupted. This has serious implications for the 

production environment. To achieve Ohno’s goal of workstations acquiring materials just 

in time, a pristine production environment is necessary.  

 

Lean thinking focuses on value-added flow and the efficiency of the overall system. 

Parts sitting in piles of inventory is considered waste and the goal is to keep the product 
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moving through the assembly line and add value at each step. The focus is on the overall 

system and synchronizing operations so they are aligned and producing at a steady pace. 

Lean manufacturing is a manufacturing methodology that shortens the time between the 

customer order and the product build/shipment by eliminating sources of waste where 

waste is anything that does not contribute to transforming a part to the needs of the 

customer. Lean manufacturing takes some waste out of the value-added activity , 

shrinking it down as in the mass production approach but more importantly, it reduces the 

pure non-valued added activities, which has the largest impact on lead-time. 

 

 

Figure 4. Traditional Manufacturing versus a Lean Approach 

 (Copyright 1998, Ford Motor Company. ) 
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In the traditional view of manufacturing, the key objective was to fully utilize 

capacity so that more products were produced by fewer workers and machines. This was 

done with large queues of in-process inventory waiting at work centers. Since workers 

and machines never had to wait for a part or a batch, capacity utilization was high and 

production costs were low. The result of this type of manufacturing environment was that 

products spent most of their time in manufacturing just waiting, an arrangement that is 

unacceptable in today’s time-based competition.  

 

Figure 5. Order to delivery cycle 

 

The cases for over production are :  

1. Just-in-case logic  

2. Misuse of automation  

3. Long process setup  
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4. Unleveled scheduling  

5. Unbalanced work load  

6. Over engineered  

7. Redundant inspections  

TIME BASED COMPETITION 

These days it is not enough for firms to be high quality and low cost producers, but they 

must also be first in getting products and services to the customer. Hence, to compete in 

this new environment, the order-to-delivery cycle must be drastically reduced. JIT is the 

weapon of choice.  

 

 Though there are many synonyms of JIT which include IBM’s ‘Continuous Flow 

Manufacturing’, HP’s ‘Stockless Production’ , GE’s ‘Management by Sight’ , Motorola’s 

‘Short Cycle Manufacturing and the Japanese ‘Toyota System’, the main aim of JIT 

manufacturing is to reduce manufacturing lead times. This is primarily achieved by 

drastic reductions in the WIP (work in process) , the result being a smooth, uninterrupted 

flow of small lots of products throughout production.  
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Figure 6. Comparison of traditional manufacturing and the JIT approach in terms of 

capacity utilization and production lead time 
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Chapter 3: Elements of JIT(Just-in-time) production 

 

 

Figure 5. Components of Lean Manufacturing 

 

GOALS OF JIT 

The goals of JIT are called the seven zeroes (Hopp,2008) , which are required to 

acquire ‘zero inventories’ :  

a) Zero defects : To avoid disruption of the production process in a JIT environment 

where parts are acquired by workstations only as they are needed, it is essential 

that the parts be of good quality. Since there is no excess inventory with which to 

make up for the defective part, a defect will cause a delay. Thus, it is essential that 

every part be made correctly the first time. The only acceptable defect level is 
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zero, and it is not possible to wait for inspection points to check quality. Quality 

must occur at the source.  

b) Zero (excess) lot size : In a JIT system, the goal is to replenish stock taken by a 

downstream workstation as it is taken. Since the downstream workstations may 

take parts of many types, maximum responsiveness is maintained if each 

workstation is capable of replacing parts one at a time. If, instead, the workstation 

can produce parts only in large batches, then  it may not be possible to replenish 

the stocks of all the parts quickly enough to avoid delays. This goal is frequently 

stated as a lot size of one.  

c) Zero setups : The most common reason for large batch sizes in production 

systems is the existence of significant setup times. If it takes several hours to 

change a die on a machine to produce a different part type, then it only makes 

sense that large batches of each part will be run between setups. Small lot sizes 

would lead to frequent setups and thereby seriously degrading capacity. Hence, 

eliminating setups is a precondition for achieving lot sizes of one.  

d) Zero breakdowns : Without excess work in process (WIP) in the system to buffer 

machines against outages, breakdowns will quickly bring production to a halt 

throughout the line. Therefore, an ideal JIT environment cannot tolerate 

unplanned machine failures (or operation unavailability, for that matter).  

e) Zero handling : If parts are made exactly in the quantities and at the times 

required, then material must not be handled more than is absolutely necessary. No 

extra moves to or from storage can be tolerated. The ideal is to feed the material 
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directly from workstation to workstation with no intermediate pauses. Any 

additional handling will move the system away from just-in-time operation, since 

parts will have to be produced early to accommodate the additional time spent in 

handling.  

f) Zero lead time : When perfect just-in-time part flow occurs, a downstream 

workstation requests parts and they are provided immediately. This requires a 

zero lead time on the part of the upstream workstation. Of course, lot sizes of one 

go a long way toward reducing the effective lead time required to produce parts, 

but the actual processing time per part is also important, as is waiting time. The 

goal of zero lead time is very close to the core of the zero inventories objective.  

g) Zero surging : In a JIT environment, where parts are produced only as needed, the 

flow of material through the plant will be smooth as long as the production plan is 

smooth. If there are sudden changes (surges) in the quantities or product mix in 

the production plant, then , since no excess WIP in the system can be used to level 

these changes, the system will be forced to respond. Unless there is substantial 

excess capacity in the system, this will be impossible and the result will be 

disruptions and delays. A level production plan and a uniform product mix are 

thus important inputs to a JIT system.  

 

Obviously, these seven zeroes are no more achievable in practice than is zero 

inventory. Zero lead time with no inventory literally means instantaneous production , 



 24 

which is physically impossible. The purpose of such goals, according to the JIT 

proponents who make use of them, is to inspire an environment of continual 

improvement.  

 

Alternatively, one can view the goal of Lean Manufacturing as reducing waste. When 

we look at any manufacturing process the first question we should ask is : what does the 

customer want from this process? This defines value and we can then evaluate the steps 

needed to convert materials entering the system into what the customer wants. This 

allows us to observe a process and separate the value added steps from the non-value 

added steps. As an example, steps for a generic manual assembly operation on a truck 

chassis are given below :  

1) Delivering components to the assembly line 

2) Walking 25 feet to pick-up the component 

3) Removing cardboard to expose the components 

4) Reaching for the component 

5) Orientating the component so it can be picked-up 

6) Picking-up the component 

7) Picking-up bolts for the component 

8) Walking 25 feet back to the chassis on the assembly line 

9) Positioning the component on the chassis 

10) Walking to the power tool 

11) Reaching for power tool 
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12) Walking and pulling the power tool to the component on the chassis 

13) Pulling the power tool down to the component 

14) Placing the bolts in the component 

15) Tightening the bolts to the chassis with the power tool 

16) Return by walking 25 feet for the next component 

 

In this example, the value added steps are only steps (9) , (14) and (15). Everything else 

is considered ‘waste’ or non value added steps.  

 

If we watch an operator work there are many individual steps. But generally only a 

small number add value to the product.  There’s no doubt that some of the non-value 

added steps are necessary. For example, the operator has to walk to the power tool in 

order to fetch it. The point, however, is a need to minimize the time spent on non-value 

added services, striving to continuously improve the manufacturing system.  For 

example, positioning the material as close as possible to the point of assembly minimizes 

time required to fetch the item. Distinguishing value-added from non-value added and 

then identifying ways to reduce the non-value added time is one of the features of the 

Toyota Production System, which made famous the seven wastes in manufacturing, as 

listed below :  
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1. Over production - Producing more product than is needed or producing product 

before it is needed is one of the primary wastes in lean manufacturing. As a result, 

material stops flowing through the process and there is excess WIP in the system. 

2. Defectives - Defective products impede flow and lead to wasted time, money and 

handling.  

3. Inventory – Inventory takes up space, costs money and has risk of being damaged. 

Furthermore, problems are usually not visible.  

4. Motion - Any unnecessary handling or motion of the product through the process 

that does not add value to the product is a waste of time.  

5. Processing - Extra or unnecessary processing that is not essential to value-added 

from the customer point of view.  

6. Transportation – Moving material does not enhance the value of the product to the 

customer. 

7. Waiting – WIP or Inventory waiting is not material flowing through value-added 

operations. 

 

Waste in Organizations is usually disguised as :  

1. Lost Time/Injury Accidents 

2. Scrap/Rework 

3. Machine Setups 

4. Machine Downtime 

5. 3rd Party Inspection 
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6. Calibrations 

7. Inventory Storage 

8. Counting Inventory 

9. Supplier Lead-times 

10. Product Test 

11. Profit Reductions 

12. Falling Market Share 

 

‘Ordinarily, money put into raw materials or into finished stock is thought of as live 

money. It is money in the business, it is true, but having a stock of raw material or 

finished goods in excess of requirements is waste – which, like every other waste, turns 

up in high prices and low wages.’ – Henry Ford, Today and Tomorrow, Productivity 

Press 1928/1988, p.103. 

WAIT TIME AND CAUSES OF WAIT TIME WASTE 

 Any time that is non-value added where the operator must stop producing good 

parts and wait for: materials; instructions; Team Leader; equipment downtime. The 

causes for wait time waste are :  

1. Unbalanced work load  

2. Unplanned maintenance  

3. Long process set-up times  
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4. Misuses of automation  

5. Upstream quality problems  

6. Unleveled scheduling  

7. Poor Communication 

 The way traditional batch manufacturing worked was to separate processes by 

buffers of inventory. The figure below shows three operations with sufficient inventory 

stocked at each point. This is an example of a buffer , which is useful because each 

station can work at its own rate and breakdowns will not influence later operations until 

the inventory buffer at the stations further down the process runs out. This would be 

useful, though, only if the overall goal is to keep everybody working as much as possible, 

which would lead to high utilization or efficiency of each worker or machine.  

However, looking at Batch and Queue processing methods, certain inefficiencies are 

visible :  
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Figure 8. Batch and Queue Processing 

 

1. There are usually long lead times due to buffers of inventory.  

2. Bottlenecks are hidden because imbalances in the timing of individual operations 

are hidden.  

3. Later operations (including customers) do not provide timely feedback to earlier 

operations and as a result, when a defect is eventually discovered, it is not clear 

when, why or where is was produced.  

4. There is little motivation for improvement. 

5. When shifting to a new product (e.g., A to B), there is a large buffer of parts to be 

moved/handled.  

6. There is potential for damage of goods as there is extra handling.  
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7. More floor space is needed and the extra inventory in the system costs money – 

holding costs and capital/interest tied up in inventory.  

 

In comparison, a production line that employs a continuous flow mechanism (such as 

Ford’s moving assembly line) has several advantages over batch and queue processing. A 

work cell is a work unit larger than an individual machine or workstation but smaller than 

the usual department. Typically, it has 3-12 people and 5-15 workstations in a compact 

arrangement. An ideal cell manufactures a narrow range of highly similar products / 

information / processes. Such an ideal cell is self-contained with all necessary equipment 

and resources. 

 

Figure 9. A work cell with continuous flow 

The advantages of such a system are :  

1. The production lead times are shorter.  
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2. The bottlenecks are made apparent by the imbalances in operation times. 

Accordingly, steps can be taken to improve the bottlenecks , to help improve the 

throughput of the line.  

3. In this method, defects are immediately apparent and hence, their source and 

underlying cause can be determined easily.  

4. As problems that occur have immediate impact on production, there is motivation 

for constant improvement every step of the way.. 

5. The line can quickly switch to a new product without interrupting the flow,  each 

operation makes just what is needed when it is needed. 

6. There is minimum part handling. 

7. Inventory holding costs (floor space, capital) are minimized. 
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Table 2. Comparison of functional and cellular work cells / manufacturing based 

on a number of parameters. 

Key Element  Functional  Cellular  

Inter-department Moves  Many  Few  

Travel Distance  500'-4000'  100'-400'  

Route Structure  Variable  Fixed  

Queues  12-30  3-5  

Throughput Time  Weeks  Hours  

Response Time  Weeks  Hours  

Inventory Turns  3-10  15-60  

Supervision  Difficult  Easy  

Teamwork  Inhibits  Enhances  

Quality Feedback  Days  Minutes  

Skill Range  Narrow  Broad  

Scheduling  Complex  Simple  

Equipment Utilization  85%-95%  70%-80  
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Large batch manufacturing with huge buffers leads to sub-optimal behavior of a 

manufacturing system - one operation can be greatly improved without improving the 

overall performance of the system (Cachon,2006). It reduces the motivation to improve – 

why would one worry about preventive maintenance when working overtime to make up 

for lost production is always possible? In this scenario, when certain defects are not 

easily noticeable, it can take weeks for a bad part to work its way through the system for 

its defects to be spotted at the assembly stage. By that time, there may be weeks of bad 

parts in the process. Continuous flow processing is a much better approach for overall 

system performance, the ideal being a ‘one piece flow’ in the system. In part operations, 

‘one piece flow’ refers to a process with all operations being synchronized, hence making 

apparent where the bottleneck operation is. Efforts can then be focused on that operation. 

The effects of poor preventive maintenance impact the system immediately – quality 

problems passed on from one station to the next are discovered immediately. 

Furthermore, operators are linked together which enhances problem solving and 

teamwork.  
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THE ENVIRONMENT AS A CONTROL 

The ideals of the Just-in-time model suggest a revolutionary aspect of Japanese 

production techniques – the extent to which the Japanese have regarded their production 

environment as a control. They, rather than simply reacting to things such as machine 

setup times, vendor deliveries, quality problems, production schedules, and so forth, have 

instead proactively worked to shape that environment (Hopp,2008). By doing so, they 

have consciously made their manufacturing systems easier to manage. In contrast, 

Americans , with their scientific management roots and reductionist tendencies, have 

been prone to isolating individual aspects of the production problem and working to 

‘optimize’ them separately. Americans took setup times as fixed and tried to come up 

with optimal lot sized. The Japanese tried to eliminate, or at least reduce setups and 

thereby eliminate the lot sizing problem. Americans took due dates as exogenously 

provided and attempted to optimize the production schedule. The Japanese realized that 

due dates are negotiated with customers and worked to integrate marketing and 

manufacturing to provide production schedules that do not require precise optimization or 

abrupt changes. Americans took infrequent, expensive deliveries from vendors as given 

and tried to compute optimal order sizes. The Japanese worked to set up long term 

agreements with a few vendors to make frequent deliveries feasible. Americans took 

quality defects as given and set up elaborate inspection procedures to find them. The 

Japanese worked to ensure that both vendors outside the plant and operators inside the 

plant were aware of quality requirements and equipped with the necessary tools to 

maintain them. American manufacturing engineers got product specifications ‘thrown 
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over the wall’ from design engineers and did their best to adapt the manufacturing 

process to accommodate them. Japanese manufacturing and design engineers worked 

together to ensure designs that are practical to manufacture. In setups and many other 

areas, the Japanese have taken a holistic, systems view of manufacturing with a deep 

understanding of how these systems behave. Consequently, they have been able to 

identify policies that cut across traditional functions and to manage the interfaces 

between functions. Thus, while the specific techniques of JIT are important, the systems 

approach to transforming the manufacturing environment and the constant attention to 

detail over an extended period of time are fundamental.  
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Item Traditional 

Manufacturing 

Lean 

Manufacturing 

Scheduling Forecast – Push Customer Orders - 

Pull 

Production Stock Customer Orders 

Lead time Long Short 

Batch Size Large – Batch & 

Queue 

Small – 

Continuous Flow 

Inspection Sampling – by 

inspectors 

100% - at source 

by workers 

Layout Functional Product Flow 

Empowerment Low High 

Inventory Turns Low High 

Flexibility Low High 

COGS High and rising Low and 

decreasing 

 

Table 3. Comparison of Traditional and Lean Manufacturing based on 10 parameters.  
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Chapter 4: Implementing JIT and Lean Methods 

 

 

Figure 10. Core JIT (just-in-time) manufacturing framework.  

Source : S.Sakakibara, B.B. Flynn and R.G.Schroeder , "A just in time manufacturing framework and 

measurement instrument, ”Working paper 90-10 , Curtis L. Carlson School of Management, University of 

Minnesota, August 1990. 

 

PULL SYSTEMS AND KANBAN 

The single most important technique associated with JIT practices of the Japanese 

is the ‘pull system’ known as the ‘kanban’. Developed at Toyota, the word is Japanese 

for ‘card’ and in the Toyota system, cards were used to govern the flow of material 
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through the shop floor. The Kanban system is an example of a pull system, as compared 

to MRP, which is a classic example of a push system.  

 

In any push system, such as the MRP, work releases are scheduled. The MRP 

system computes production schedules for all levels based on forecasts of sales of end 

items. Once produced, subassemblies are pushed to next level whether needed or not. 

In a pull system, releases are authorized. JIT is the classic pull system. The basic 

mechanism is that production at one level only happens when initiated by a request at the 

higher level. That is, units are pulled through the system by request. 

 

The difference between these two systems is that schedules are prepared in 

advance, while an authorization depends on the status of the plant. Hence, a push system 

directly accommodates customer due dates, but has to be forced to respond to changes in 

the production plant.  
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Figure 11. Push versus Pull systems 

 

CLASSIC KANBAN 

In the kanban system, production begins or is triggered by demand – when a part 

is removed from an inventory point (which can be either finished goods inventory or 

intermediate stock placed before a process) , the workstation that feeds the inventory 

point is given authorization to replace the part.  

The kanban system developed at Toyota made use of two cards and is called the 

dual card kanban. One of the cards were used for the supplier process and one for the 

customer process (termed the P kanban and C kanban respectively). When a workstation 

becomes available for a new task, the operator takes the next production card from a box. 

This card tells the operator that a particular part is required at a downstream workstation. 

He or she looks to the inbound stock point for the materials required to make the part. Is 

they are there, the operator removes the move card / customer card attached to them and 
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places them in another box. If the materials are not available, the operator chooses 

another production card. Whenever the operator finds both a production card and the 

necessary materials, the operator processes the part, attaches the production card and 

places it in the outbound stock point.  

Periodically, a mover will check the box containing the move cards and will pick 

up the cards. He or she will get the materials indicated by the cards from their respective 

outbound stock points, replace their production cards with the move cards and move them 

to the appropriate inbound stock points. The removed production cards will be deposited 

in the boxes of the workstations from which they came, as signals to replenish the 

inventory in the outbound stock points.  

The sequence of actions is shown in the following diagrams. 

The following figure shows how, at an assembly point, when parts being used in 

the process go below a certain point that is defined by the Kanban card, the card is placed 

out for the Materials Handler, who goes on a circular route from the stock point to the 

assembly point, replenishing parts as needed. 
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Figure 12. Working of a Kanban System - ‘Pull’ of parts 

 In the following figure, the assembler can now use the parts provided by the 

materials handler, who now takes the C-card to the stock point to obtain more parts. At 

the stock point, there is a P-card with the parts.  

 

Figure 13. Working of a Kanban System – Movement to the stock point 

 In the following figure, the materials handler takes parts from the stock point to 

complete the requirement on the C-card. The P-card at the stock point is moved to a 

special rack to signal to the supplier cell that more of these parts are required.  Here, the 
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C-Kanban card has the same number of items on it as the matching P-Kanban card. If 

they did not match, the stock point would either run out of parts or a pile of inventory 

would build up. This is a key aspect of the ‘dual card’ kanban. 

 

Figure 14. Working of a Kanban System - Taking parts from the stock point 

 In the following figure, the supplier cell takes the P-card from the stock point and 

uses this to trigger the manufacture or assembly of parts as defined by the kanban card. If 

the stock point is next to the supplier cell, then a material handling loop here isn’t 

necessary, else it may happen.  
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Figure 15. Working of a Kanban system – Acquiring a kanban to start production of new 

parts.  

 Finally, the following figure shows how the supplier process, having completed 

the kanban order, puts the parts along with the matching P-card into the stock point, 

ready for the materials handler to pick it up in the next trip.  

 

Figure 16. Working of a Kanban system – The supplier completes the kanban order 

 The rationale behind the two card system used by Toyota is that when 

workstations are spatially distributed, it is not feasible to attain instantaneous 
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transportation of parts / raw material from one station to the next. Hence, inventory will 

have to be stored in at least two places, namely, an outbound stock point when it has just 

finished processing at a workstation and an inbound stock point, when it has been moved 

to the next workstation. The move cards serve as signals to the movers that material has 

to be moved from one workstation to the next.  

  

THE KANBAN SQUARE 

Alternatively, Kanbans don’t necessarily have to be cards or pieces of paper. One 

possible version is the Kanban square, which is a rectangle or square painted on a factory 

floor. It being empty is a signal to re-fill it with parts. This is typically used for large 

items – ones that need to be moved with a fork-lift truck, for example.  

 

THE KANBAN CONTAINER 

A similar concept to the Kanban square, the kanban container is a moveable 

container that is often shaped to contain a fixed number of parts. For example, a kanban 

container for simple spindles may be a block of wood drilled with 12 holes, thus limiting 

it to contain a dozen parts. This may have a slot in it for the kanban card, or the kanban 

instructions may be attached to the side of the container. 



 45 

JIT is more than a system of frequent materials delivery or the use of kanban to 

control work releases. At the heart of the manufacturing systems developed by Toyota 

and other Japanese firms is a careful restructuring of the production environment. Only 

when environmental changes have been made can the specific JIT techniques be 

effective.  

 

PRODUCTION ENVIRONMENT 

Some of the environmental issues that must be addressed in order to implement JIT are :  

 

PRODUCTION SMOOTHING 

JIT requires zero surging which in turn requires a smooth production plan. 

Workstations will find it very difficult to keep up and replenish stock in time if either the 

demand volume or product mix/variety of products changes a lot with time (Hopp,2008). 

If all customers of a particular supermarket decide to do their shopping on the same day 

or if they all decide to buy the same item at the same time, stock outs would be very 

likely. However, since customers are usually spread over time and buy different products 

, the supermarket is usually able to avoid stock outs by replenishing the shelves a little at 

a time.  In a manufacturing system, though the requirements or the production schedule is 

generated by customer demand, the order in which products are manufactured need not 

necessarily match the sequence in which they will be purchased by customer. Also, this is 

usually not even possible since customer demand is not completely known by the 

manufacturer in advance. Manufacturing plants instead make use of a ‘master production 
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schedule’ (MPS) that specifies the products and quantities to be produced in each time 

interval. MRP systems, known as Material Resource Planning Systems are a type of 

application software system used to schedule and monitor the use of components and 

other materials in a manufacturing operation. These systems typically use time intervals 

(buckets of days/weeks or months) for their master production schedule. Hence, one of 

the aims of JIT should be to make the MPS reasonably level over time.  However, even a 

smoothed production schedule that specifies weekly or monthly requirements may allow 

surges within the week or month that exceed the ability of the system to meet these 

changes in demand in a timely manner. Hence, most JIT systems including the Toyota 

system employ the use of a final assembly schedule (FAS) which specifies daily (and 

sometimes even hourly) requirements.  

 

Developing a level assembly schedule from the MPS involves two steps :  

a) Smoothing aggregate production requirements.  

b) Sequencing final assembly 

Let’s say the production schedule calls for a monthly production of 10,000 units and 

there are 20 working days in a month. When we smooth aggregate production, the FAS 

will call for 500 units of production per day. If there are two shifts in the plant, 250 units 

per shift per day are required. Each shift being 480 minutes long, the average time 

between outputs will have to be 480/250 = 1.92 minutes per part. This kind of a system in 

which discrete parts are produced at a fairly steady rate is called a repetitive 
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manufacturing environment. Kanban systems are well suited only to these repetitive 

manufacturing environments. Though in reality , a plant may not be able to produce 

exactly one part every 1.92 minutes, small deviations are fine as a production line can 

usually catch up. However, corrective action is typically required if the system departs 

from the specified production rate over a long period of time – a shift or a day, for 

example.  A JIT system can consistently meet customer demand and due dates only by 

maintaining a steady, predictable output flow and hence, generally include measures to 

promote the maintenance of a steady flow through the plant , eg : incentives for meeting 

production quotas.   

 

After aggregate requirements of the master production schedule have been translated 

to daily rates, product specific requirements are translated to a particular production 

sequence. This is done by proportioning the daily requirements according to the product 

quantities needed. For example, if the 10,000 if the 10,000 units to be produced during 

the month consist of 50 percent (5,000 units) of a ‘Product A’, 25 percent (2,500 units) of 

a ‘Product B’ and 25 percent (2,500 units) of a ‘Product C’ , then the daily production of 

500 units should consist of 250 units of ‘A’ , along with 125 units of ‘B’ and ‘C’. 

Furthermore, for reasons like avoiding inventory pileup, the parts should be sequenced on 

the production line such that products A,B and C are manufactured in the following 

sequence :  

A – B – A – C – A – B – A – C – A – B – A – C – A – B – A – C  
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This series will maintain a 50-25-25 mix of A, B, and C over time. This requires a 

manufacturing line that is flexible enough to support this type of mixed model 

production, which in turn requires nonexistent or short setup and lead times. Furthermore, 

since the production rate is one unit every 1.92 minutes, this sequence implies that the 

times between outputs of product A will be 2 x 1.92 = 3.84 minutes. Times between 

outputs of products Band C will be 4 x 1.92 = 7.68 minutes. Hence, both the plant and the 

manufacturing line need to be physically capable of handling these time requirements.  

 

Though production requirements will not always allow simple sequences like the 

one above, it is reasonably to form a rough sequence and spread leftover units as evenly 

as possible across the sequence. The objective remains to have as level a flow as possible, 

which is in sharp contrast to the traditional western objective of producing a large batch 

of one product before shifting to the next, attaining production quotas only at the end of 

every month.  

 

CAPACITY BUFFERS 

JIT systems find it hard to cope with unexpected disruptions, such as machine 

failures or order cancellations by customer (Hopp,2008). An MRP system can respond to 

these changes by regenerating their MPS, expediting orders and similar measures. If 

production falls behind due to a machine failure, the netting operation will include unmet 

production in the next cycle. Great pains have been taken in a JIT system, however, to 

ensure a constant flow and with its level production quotas, this type of system has no 
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intrinsic way to respond to such changes, especially shortages. However, this rigidity in 

production applied only to an ‘ideal’ JIT system which works only in an ideal 

environment. Real-world systems are never ideal and out of these necessities, contain 

measures for dealing with unanticipated disruptions in the schedule. One such approach 

used is a capacity buffer. By scheduling a plant to less than its production capacity, the 

line can be made to catch up if it falls behind quotas – workers can be sent home if 

production gets ahead of the desired rate and the extra time can be used in the form of 

extra shifts when problems in the line occur or changes in the demand. This is usually 

achieved by a method known as ‘two-shifting’, in which two shifts are scheduled every 

day, with a ‘down’ period in between which can be used either for preventive 

maintenance or to catch up with the quota. A popular approach used to schedule shifts is 

the ‘4-8-4-8’ in which two eight hour shifts are separated by four-hour down periods. 

This capacity buffer in JIT systems serves as an alternative to the in-process inventory in 

most MRP systems, which prevent workstations from starving when unexpected 

occurrences such as machine breakdowns take place that cause production to lag at one or 

more workstations on the assembly line.  
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SETUP REDUCTION 

Production of a varied model mix or work sequences like that suggested earlier 

(A-B-A-C-A-B-A-C-A-B-A-C) won’t be efficient if there are significant setup times 

involved during each changeover (Hopp,2008). For example, if products ‘A’, ‘B’ and ‘C’ 

require different dies that each take a number of hours to set up , the desired daily rate of 

500 units using the sequence described above would be impossible. Traditionally, setups 

were considered a given and large lot sizes were used as a way to limit the number of 

setups/changeovers. However, Toyota strived to reduce setup times and Ohno reported in 

1971 that setups were reduced to three minutes (from three hours back in 1945). Some 

general principles that can be employed to reduce setup times are listed below.  

 

One of the keys to a general approach to setup reduction is to distinguish between 

‘internal’ and ‘external’ setups , where internal setups are those tasks for which the 

machine has to be stopped, in order to be performed and external setups are tasks that can 

be completed while the machine is still running.  

 

Internal setup , eg : Removing a die 

External setup , eg : Collecting the necessary tools to remove the die 

 

Internal setups disrupt the production process and hence need to be minimized.  
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Some basic concepts for setup reduction are :   

1. Distinguishing between internal and external setups 

Tasks currently being done when the machine is not running does not necessarily 

mean the machine has to be stopped for it to be performed.  

2. Convert as much as possible of the internal setup to the external setup 

 If some parts can be pre-assembled before shutting down the machine or if a die 

casting can be preheated before installing it, the internal setup time can be 

reduced.  

3. Eliminate the adjustment process  

Adjustments frequently account for 50 to 70 percent of the total internal setup 

time and hence it is critical that this be minimized. Jigs, fixtures, or sensors can 

greatly speed or eliminate adjustments. 

4. Abolish the setup itself  

Uniform product designs or producing various parts at the same time (e.g. 

stamping parts A and B in a single stroke and separating them later, or by 

maintaining parallel machines each set up for a different product) can abolish 

setups in a plant altogether. A host of techniques exist, ranging from ranging from 

quick-release bolts, to standardized tools, procedures and parallel operations (e.g., 

two workers performing the setup in parallel).  
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CROSS-TRAINING AND PLANT LAYOUT.  

 

Productivity improvements are vital for a JIT system to work. However, to ensure 

smooth material flow with no excess in-process inventory, productivity improvements 

cannot be achieved by having workers produce large lots on individual machines 

(Hopp,2008). A JIT system is better served by multifunctional workers who can move 

between workstations to maintain the flow required. Also, having multiple skilled 

workers adds flexibility to the system, greatly increasing its ability to copy with product 

mix changes and other unexpected occurrences. This can be done in two ways – 

employing a worker rotation system and adopting U-cells on the factory floor.  

 

There are two types of rotations that can be employed in a worker rotation system  - - ---- 

- Workers can be rotated through the various jobs in the plant and trained in a number of    

   operations.  

- Once a sufficient number of workers are cross-trained, rotations on a daily basis can be  

   started.  

 

 

Daily rotations serve the following functions: 

1. They keep multiple skills of workers sharp.  

2. Boredom and fatigue on the part of the workers is reduced. 

3. Fosters an appreciation for the overall picture on the part of everyone. 
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4.  Increases the potential for generation of new ideas, as more people will be 

thinking about each job.  

 

Cross-training efforts, like those listed above, did indeed help the Japanese catch up 

with the western industry in terms of labor productivity , but also fostered flexibility in 

operations, which the western world found difficult to obtain.  

 

U SHAPED CELL 

Cross training and autonomation enable a single worker to operate several 

machines at once – loading a part into a machine, starting it and moving on to another 

machine while processing takes place. Since it is important to keep parts flowing in a JIT 

system, it is not practical to have a worker staffing a number of machines that perform 

the same operation as there will not be enough WIP to feed such a process. A more 

effective layout is to have machines that perform successive operations located close to 

each other , and close to the worker. This helps products flow easily from one to another. 

Traditionally, American facilities have used a linear arrangement of machines, which 

accommodates product flow well but is not well suited to workers tending multiple 

machines as they will need to walk long distances from machine to machine on the 

assembly line. To facilitate material flow and reduce walking time, U-shaped cells are 

advantageous.  
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Figure 17. A U-shaped cell - example 

 

U-shaped cells have a number of advantages over the traditional linear assembly line, 

namely : 

1. One worker can see and attend many machines with minimal walking.  

2. U-shaped cells are flexible in the number of workers they can accommodate, 

which allows adjustments to respond to changed in production requirements. 

3. A single worker can monitor work entering and leaving the cell to ensure that it 

remains constant, thereby facilitating just-in-time flow. 

4. Unbalanced operations and other problems that may arise can be sorted out by 

workers conveniently.  
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Manufacturing environments in the United States started employing cellular layouts 

in the 1980s and cellular manufacturing is now present in a variety of production 

environments.  
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Chapter 5: Summary, Conclusions and Future Work 

SUMMARY  

This thesis explored the history of manufacturing in America, compared past and present 

differences in manufacturing between the western world and eastern societies and 

introduced the just-in-time method – its origins, development and how the practices made 

their way to the United States. The evolution of Lean Manufacturing from JIT and the 

Toyota Production system was then introduced and its elements and goals explored. 

Comparisons were made between traditional manufacturing and the lean manufacturing 

method across a range of parameters. Finally, changes that need to be made to a 

manufacturer’s production processes and techniques for implementing lean methods in an 

automobile manufacturing firm were explored , namely those applied to shaping a 

manufacturing environment, such as production smoothing, buffering of production 

capacity, reduction in setup time, cross training and re-designing the layout of the plant.  

CONCLUSIONS 

The main goal of this thesis was to present lean manufacturing as a system of production. 

Lean manufacturing requires an enterprise-level view of the value stream—from raw 

materials to the finished vehicle delivered to the customer and operational details matter 

strategically. While JIT/Lean may not by itself offer comprehensive policies for 

managing a production facility, companies such as Toyota have demonstrated excellence 

in providing creative solutions to specific problems, such as controlling the production 

environment and work-in-process, emphasizing the importance of flexibility, cross 
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training workers, redesigning the plant layout and stressing the importance of quality and 

continual improvement. These ideas, when implemented, will help an automobile 

manufacturer improve 

1. Quality 

2. Product Variety 

and reduce  

1. Costs – Inventory holding cost, cost of capital and cost of re-work. 

2. Time – Setup time and production time. 

Many of the examples included are from Toyota© and Ford©.  

FUTURE WORK 

Future work includes applying these methods to a different industry, such as the 

shipbuilding industry or aircraft manufacturing. Analyses may be performed to compare 

costs (and reduced costs) of these industries and reasons for difference(s) found, if any.  

Alternate techniques may need to be explored and applied, though concepts from the 

Toyota Production system and the JIT method of manufacturing will hold good in most 

manufacturing settings, to a large extent.  
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