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Abstract—The environment faced by organizations request
the adoption of more efficient management models and
practices in order to increase their competitiveness. In this
context, Lean philosophy, in particular Lean Manufacturing
has proven to be an extremely powerful management paradigm.

However, the Lean philosophy when is applied incorrectly
may turn out to be a failure for the organizations. In this sense
there are several factors that can hamper the correct
development of Lean Manufacturing within organizations such
as i) Lack of commitment by top management; ii) Lack of
qualified and graduates employees without know how on this
paradigm; iii) Lack of guidance on application of tools and
methodology of Lean Manufacturing.

This research shows that over the past few years, tools have
been developed within Lean Manufacturing relating it to
different types of industrial environments. However, guidelines
for implementing this paradigm “step-by-step” is missing.

Thus, this master research suggests a framework for
implementing the Lean Manufacturing in industrial
environments, in particular, Job-shop.

Index Terms— Lean Manufacturing,
Framework, Job Shop, Case Study.

Lean Philosophy,

. INTRODUCTION

Organizations with complex production processes, such
as intermittent or job shop process, report an increased
difficulty in the implementation of Lean Manufacturing
(LM). One barrier observed in different job shop industries
is the lack of a guiding tool with the objective of
implementing the lean manufacturing in this environment.
One of the difficulties faced was the difficulty to identify
where to apply a policy of continuous improvement and the
other tools of the LM. Obviously in this environment, as in
the others, a strategy is needed to implement the lean
philosophy as well as a training plan to promote the
involvement of collaborators. As a result, this sector shows
the need for a new methodology development to guide the
implementation of the LM.
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Organizations are encouraged to produce with higher
added value. However these job shop processes are
characterized by a big multiplicity of demanded products
and companies are often faced with the incapability to meet
the increased requirements, because they don’t have the right
organization to answer this need. To get over these
difficulties it is necessary rethinking and restructuring
processes, eliminate waste and activities that don’t add value
to products or services. Companies aims meet the needs of
this markets with a high internal stability [1]. Also the
companies are confronted with the need to high flexibility to
respond to an increasing fragmented demand, and at the
same time improve the productivity through reduction of
waste.

One example is the automotive industry, which is
considered a reference as it is conciliate high production
levels, quality and flexibility through innovative designs
organization models. The measures taken by this industry,
particularly by component suppliers have come to meet the
cost reduction maintaining the high quality. Some of these
measures have gone through the analysis product by
reducing costs but simultaneously improving performance in
terms of quality. Currently the quality of the components has
as a reference 20-30 low quality Parts Per Million, (PPM),
while a decade ago the goal was from 1000 to 2000 PPM
[2]. Also in the automotive industry the reduce of lot size
resulting from the variation in demand and increased
customization of products was felt significantly. To reply to
this reality innovative management models were adopted,
such as just-in-time (JIT) which has the intention of making
the production more flexible and increase quality levels,
without rupture because in this industry there are significant
economic penalties for suppliers delays [2].

The globalization, in addition to changes in market
behavior, also conditioned other significant factor the price.
While a few decades ago the price was imposed by the
producer it is now imposed by the market. As a result, in
order to maintain margins that allow it to survive, companies
force themselves to reduce the cost of production, to create
added value as a result of improvement of quality and
responsibility to customers. In resume, the global market has
forced companies to produce more quality diversifying its
offer, which led to smaller production batches, in the limit of
piece by piece production, with the delivery times shorter
and shorter. In this context, the aim of this chapter is an
exploratory way, review the application of Lean philosophy
in intermittent production system or Job shop (JS).
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Il. CLASSIFICATION OF PRODUCTION

The classification of production isn’t easy as a result of
the big number of different processes. However some
classifications have prevailed: i) by type of production; ii)
by product characteristics; iii) by production environment;
iv) by characteristics of the production flow.

In This work was adopted the classification by
characteristics of the production flow.

It is now usually accepted that the discrete manufacturing
systems can be classified according to the characteristics of
production flows of the components in the following
categories [3][4][5]: (I ) Intermittent (job shop), (ii) lots
(batch), (iii) line, this case can be divided into two sub
categories: mass and continuous production (Flow shop,
shop process).

Production of small batches of a variety of products,
especially when these have a different sequence of processes
have the Anglo-Saxon designation of Job Shop (JS). In this
environment, the equipment is arranged, habitually in work
centers according to their characteristics.

The job shop environment, JS, is characterized by the
production of different orders in different flows. Each work
order consists in a set of tasks or jobs that are processed only
one time in each machine. There are many constraints in the
operations and machinery level, namely: i) the sequence
which operations are processed can vary; ii) operations after
begin can’t be interrupted and each machine can operate
only one task at a time; iii) each task is processed in only
one machine at a time.

The batch process, Batch Shop, differ from job shop
process essentially by the way it processes the sequence of
operations. In the Batch Shop the sequence is the same for
all products.

Assembly Line, differs from Batch Shop essentially by
the size of the batch, bigger in this case.

As mentioned above, different factors have been forcing
the diversification and fragmentation of production which
accentuates the tendency of companies to develop more
complex processes as the job shop and simultaneous more
flexibles.

I1l. LEAN MANUFACTURING

The Production System developed by Toyota within the
automobile production in Japan, Toyota Production System
(TPS) is, among the known models, one of the most efficient
in the elimination of waste and production flexibility [6].
This developed working philosophy is today a case study as
an organizational model. Their success around the world,
results in a methodology that would be called "lean
production” or the Lean Manufacturing [7].

A. Lean Manufacturing in Production Processes

Some studies have been developed in order to optimize
the application of LM, in particular by establishing guiding
tools in the application of this paradigm in different
industrial environments. These tools are a guidance to solve
the deficiency skills sometimes responsible from the failures
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in the application of LM. Abdulmalek et al. (2006) in order
to orientate the implementation of LM, suggests a
classification that sets the processes according to their
suitability for the implementation of the LM [8]. However
this classification identifies few processes. Subsequently,
Rathi and Farris (2009), have continued the classification
developed by Abdulmalek, building a more complete
classification with more variables by adding features of
interest, resulting in a clearer and complete classification
model, see Table I [9]. The application of LM varies with
the industrial environment. This classification simplifies the
processes differentiation. The processes are characterized
by different variables, as can be seen in Table I. As result
are identified different approaches to the application of LM.
However, this analysis needs more intensive studies in some
types of production like the Job shop environment. Anand
and Kodali (2010) presented a study about the LM
implementation in different types of industry. We can see
that the LM has been implemented in many different
industrial environments in the last years[10]. The literature
also shows that the number of studies about LM
implementation is bigger in the automotive sector [8] [11] -
[15]. According to the literature, the auto industry continues
to be a model in the application of LM [16].

The authors report that none of the studies provides a
"step by step” or a guidance tool to the application of LM
methodology. The approach to implement the LM is
different from an industrial unit to another, from one
production system to another, so it is important to have
guiding tools early in the process of implementation and
some indicators about the major or minor appetence to
implement .Though, there are some studies that relate the
Lean tools with different waste [10].

IV. PROPOSAL TO A SUPPORT TOOL IN JOB SHOP
ENVIRONMENT

Considering the above mentioned, it is pertinent the
development of a methodology for the application of LM in
intermittent environments that go beyond the results shown.

It seems clear that it is necessary to develop a
methodology to the application of LM in intermittent
environments, particularly in the initial phase of its
implementation. The Lean philosophy includes tools aimed
to the improvement and waste elimination such as the Value
Stream Mapping (VSM). The VSM is a powerful diagnostic
tool, but in more complex production scenarios the
difficulties justifying a more detailed analysis.

Of the reasons for the failure and the difficulty in applying
the LM, one can highlight three: i) the lack of top
management commitment. The administration needs to
understand the philosophy and commit to providing all the
necessary means for its implementation. Top management
must commit itself in changes in internal paradigms, working
to become Lean and live with these principles; ii) Lack of
qualified employees; iii) Lack of guidance on the application
of LM.

The tool resulting from this work aims to improve the
third point, the lack of guidance on the application of LM,
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especially in industries with intermittent production
processes. In fig.1 we can observe the five phases of the
proposed tool.

TABLE |
Mass Batch Job Shop
production Production Production
Demand Very stable Stable Low stable
Demande volume . .

(per product) High Medium low Very low
Tvoe of production Standard Standard Personalized,
ypeotp to Stock By lots for demand

Raw materlal Low Mode_zrate to High
variety high
Finish goods variety Low Moderate High
Equipment’s SpDZCJ?!;Zt:g / Dedicated Flexible
Layout by . Layout by
Layout Product Layout Mix Process
Materials Handling Fix Flow Mix Flow Variable flow
Continuous
Materials flow Continuous to Intermittent
Intermittent
Process flexibility Low Medium High
Continuous to Medium to
Discret Latter Latter Barly
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P Cotton; Rice; Bakeries; ;
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. Future state state_
Action plan
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analysis__ von
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Fig. 1. Developed Tool Scheme

A. Step 1- Produt Analysis

In intermittent environments is more difficult to identify
where to begin the implementation of Lean practices, the
existence of many products and complex flows make it
difficult to focus, so it is inevitable that make a careful
analysis. This analysis aims to identify the most significant
products, most representatives in sales volume and the
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volume of the business.

Organizations that produce a large number of products
can’t assign the same importance to all of them, because the
costs associated with this control would be high. In this case
it is customary to utilize the Paretto analysis to identify the
most significant products. Paretto analysis can also be used
to identify the products and flows most significant in
applying the LM.

This tool has been used in numerous industries, and is one
of the seven basic tools of quality [17]. The Pareto analysis
follows the rule of 80:20, where 20% of the articles typically
represent 80% of total sales [18]. Using the Pareto analysis
in the current study should be made as follows: i) quantify
all products manufactured and record them in a table; ii)
quantify the products in sales volume; presenting the
percentage of each product in relation to the total; prepare
the cumulative percentage. The objective of this analysis is
to identify the most representative product and analyze it in
a perspective of LM philosophy. The application of LM for
all production turns impossible its implementation. The
Pareto analysis in this case is the beginning of the LM
implementation. The Paretto analysis ranks the products.
The choice must be based on the best-selling. This decision
will take into account the company's strategy, for example,
the product life cycle. The application of the LM to the
product with more sales may have very positive results for
the company, since it identifies and order the changes to
make.

The selection of a product or family of products for
implementing the Lean philosophy in intermittent
environment not against the principle of LM based on
continuous improvement. What has been examining
throughout this work is the methodology to be followed to
start the implementation of LM in intermittent production
environment.

After the product analysis phase using the Pareto analysis
is initiated the second phase.

B. Step 2- Current State Analysis

Identified the product, will be studying the value chain of
this product. The aim is to quantify the activities without
added value, waste.

The first step is to study the flow of materials in a visual
way, to understand its complexity. The use of a spaghetti
diagram is a possible method to visualize these movements
fig 2. The preparation of a spaghetti diagram is made in a
simple and intuitive way: the flow and the direction of the
raw material is represented superimposed on plant
equipment implementation [19].

The spaghetti diagram alone is not sufficient to proceed
with analyzing the actual added value.

The spaghetti diagram represents only the materials flow
throughout the process. To continue is needed analysis other
important data for the characterization and quantification of
the actual value added using other tools.

Lean presents tool for this purpose, the value stream
mapping VSM, fig 3. The VSM is a process of direct
observation of the information and material flows, by
drawing them.

WCE 2015



Proceedings of the World Congress on Engineering 2015 Vol 11
WCE 2015, July 1 - 3, 2015, London, U.K.

Presns @ [ lameges [;_]

—I_l "
voopofll

o

7

Fig. 2. Spaghetti Diagram

This tool helps the value chain visualization, highlighting This matrix cannot be seen in an inflexible way, because

the inefficiency of processes, and guiding to improve them.
The VSM helps to visualize more than one process, it allows
the visualization of the entire flow, allows also to relate the
flow of information with the flow of materials associated
[20]. The VSM is an essential part of the methodology

presented by its characteristics at diagnosis, being an TABLEII
indispensable tool for the implementation of Lean [7]. e 0w 2 B
This tool allows two views, the first, the current state, and 2 g k| é = =z % z
the second of the future state, a situation for which you want » & g F ? 2 3
to walk. At this stage, with the development of the current ©
VSM, it’s possible identify waste and its location. In step 111 Stocks 13 3 2
will analyze the tools to use to eliminate waste found, aiming Movements ) ) s
an optimized future state.
Transport 1 3
C. Step 3- Tools to be Used Quality defets 1 ) ) 3
With the current VSM prepared and analyzed, it is
necessary to find solutions to eliminate or reduce the overprocessing 2 3
different identified waste. As discussed throughout this )
paper, the LM has many tools that can be useful. Rathi and overproduction o83
Farris (2009) have a matrix that relates the waste found in Setup time 5 3 1 2
Job Order production system Lean tools.
The Table Il aims to provide a support base the decision
on the selection of tools to be applied.
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there are factors that vary from organization to organization.

To designate the degree of relationship is used a range of
3 values as follows: 1 = some relationship; 2 = moderate
relationship; 3 = high relationship;.
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Fig. 3. Value Stream Map Example

D. Step 4- Future State

The future state aims to eliminate all sources of waste,
linking all processes to the customer through a continuous
and pulled flow. The aim is to produce only what is needed
and when it is needed, eliminating all intermediate activities
that not add value to the product to the customer's point of
view.

For the preparation of the future state map has to take into
account the tack time (TT), which processes can be
integrated creating a continuous flow, which Pacemaker
process used to pull production and set the pace, that
supermarkets use, which processes need improvement [20].
In resume, the VSM future should show graphically how will
the process be after the application of the tools described in
the previous step.

E. Step 5- Apply Future State

The future status is the result of effective implementation
of the previous steps. To the future state becomes real it’s
necessary put in practice the lean tools. This implementation
must observe a detailed action plan. The fulfillment of this
plan will depend on the success of the application.

V. CONCLUSION

The adoption of Lean philosophy as a management model
for organizations requires a strong synergy of methodologies
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and tools with the culture in which the organization operates.
It also has a strong commitment from management,
clarifying business objectives of the application of lean. If
there is no commitment of management potential gains from
the implementation of this paradigm are lost or don’t even
truly be started. The focus of the work was directed to
developing a tool with the purpose of optimizing the
application of the LM in intermittent production
environments.

The developed solution passed through the creation of a
tool that gathers and organizes the tools already known
within the LM as: VSM, spaghetti diagram and Pareto
analysis. This collection of tools was made with the aim of
defining what to do in each step of this process. The
developed tool proposes a methodology, following a
sequence of steps. These steps culminate in the
implementation of the future state. This methodology aims to
help implement the lean philosophy in intermittent
environments.

This work opens the way to new research. It would be
interesting to develop a tool for application in different
industrial environments.
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