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Abstract
This work is a case study of an industry of products for the automotive and white-goods sector, located in the state of
São Paulo, Brazil, which is implementing lean manufacturing. The value stream mapping was used to identify all the
actions that were in progress and what is the current state of the sector, based on one of its products. Due to the high
complexity, the company decided to focus on actions that would bring financial and productive gains, therefore was
selected the product family with the most representative sales. It was made a mapping of the current and future status
and two significant improvements were identified. The study was supported by Lean Six Sigma tools, 3D simulation
software and financial analysis to improve the results and reduce risks. Three scenarios with different improvements
were created, the one with greater financial return in less time, productivity gain and alignment with the company's
strategic planning has be chosen.
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1. Introduction
Currently, there are many methodologies that industries adopt to improve their processes and
products, including Lean Six Sigma. Lean methodology born from Toyota's lean production
concepts, and Six Sigma, originally used by Motorola, came together and today it is practiced
strongly in industries (QUINTANEIRO, 2014), highlighting the automotive.
Among all the tools known in the LSS, this research focuses on VSM (Value Stream Mapping),
which according to Invernizzi (2006), aims to map the entire value chain of a product, allowing a
macro view of all activities that are needed.
In this context, an industry in the implementation phase of the “Lean” culture that saw in its
strategic planning the need to create a sector of continuous improvement to support the processes,
will be the object of study in this work, which intends to answer the following question: How
implement Lean Six Sigma, aiming to reduce costs, improve quality and eliminate everything that
does not add value to customers.
Therefore, through the tools of the Lean Six Sigma methodology and the multidisciplinary
knowledge of everyone involved in the manufacture of this product, this research explores the
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possibilities of investments and improvements, proposing the future state for the factory using the
value stream mapping tool.
2. Literature Review
2.2 VSM (Value Stream Mapping)

The Value Stream Mapping can be explained as: “follow the production path of products’family inside the plant, from
the consumer to the supplier, and carefully draw a map of the current state of their material and information flows”
(QUEIROZ, RENTES E ARAUJO, 2004, p.2). Queiroz, Rentes and Araujo (2004) state that, after understanding the
current state, the future state must be elaborated thinking about how the material should flow after the improvements.

2.3 7 wastes

According to Shingo (1996), waste is related and easily overlooked, so it must be analyzed for effective cost reduction.
The seven categories of waste are:
1. Overproduction: Losses are associated with quantitative and anticipated factors, that is, making more products than
will be consumed and making products before it is necessary.
2. Waiting: It’s related with the times of machines and / or devices stop due to inefficiencies in the process or breaks,
generating waiting for factory resources.
3. Transport: Losses with transport are related to time and material movements that do not add value and generate
costs.
4. Processing: It is related to the processes that are made and can be removed or minimized without affecting the
quality of the products.
5. Movement: Can be generated by poorly planned layout and incorrect flow, resulting on unnecessary movements.
6. Defective Products: Relates to manufactured products that are out of the determined requirements regarding the
quality of the products.
7. Inventories: Strongly linked to all other wastes, being a consequence of those mentioned.

2.4 Financial analysis

“Understanding the relevance of financial analysis depends, firstly, on realizing what it is, what it is for and what it
focuses on” (FERNANDES CARLA, 2016, p. 25). The financial analysis according to Soares (2015, p. 25) is “the
technique that supports decision making regarding the implementation of an investment, based on the determination
of the magnitude relationship between the expected costs and benefits. That is the technique that allows to assess the
economic and financial viability”. That’s why it can use different methods to optimize results. Its purpose is to evaluate
the cash flow that will be generated by the selected investment, projecting the net cash value (disregarding depreciation
and amortization) and adding the costs of fixed investments. In addition, other risk assessment methods can be used,
such as calculating the discounted payback on the investment and calculating the internal rate of return to verify if it
exceeds the minimum rate of return used for the investment.

2.5 Simulation evaluation

The simulation is in continuous evolution because it follows the technology itself, which is something that changes
continuously and daily. Its presentation is directly linked to the technology of the time, but there were specific
moments of these changes that we classified until we reach the current one that is in type 4.
Type I is linked to the first simulation tools, where philosophers used mathematical models and models on an enlarged
or reduced scale to observe the structure and characteristic of some studied physical event and possibly predict
reactions once they understood how the system worked.
Type II comes with increased competitiveness and the need to polish continuous efficiency. With the creation of the
first computers and programming languages (pascal, C, etc.), which were used as command macros for the creation
of simulation models to test possible changes in the system and predict the result this would generate.
Type III is related to the speed evaluation of computer processors and memory and, as previously mentioned,
simulation follows the technology, that means there was a very concrete evolution in the scope of simulation which
began to create simulators of a specific character, an example of this was a simulator created for training train drivers.
Finally, the Type IV simulation, the tool that was used in this study, is a simulation loaded with visual resources,
interactive and intelligent simulators, with a network of virtual reality resources and even expanded with artificial
intelligence.
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3. Method
This research is characterized as an action research that, according to Vergara (1990), is a tool that
is based on studying and participating on some actions in the social sphere and interfering on them.
In addition, this research also has an applied nature, which according to Vergara (1990), is a
systematic study motivated by the mediated or not need for problem solving. It is also admitted
that it may adopt an interventionist character, if the proposals for improvements are accepted and
put into practice, because, according to Vergara (1990), the interventionist difference from the
applied one, is that in the first one the improvements aren’t just proposes, but also applied in
practice.
Related to the data collection, this research is qualitative and quantitative type, because, according
to Dalfovo, Lana and Silveira (2008, p. 6), quantitative research is “everything that can be
measured in numbers, classified and analyzed. it uses statistical techniques” and qualitative
research is that one which is not translated into numbers “in which it intends to verify the
relationship between reality and the object of study, obtaining various interpretations of an
inductive analysis by the researcher”.
The research will be based on the value stream mapping carried out in the entire chain of the
studied company, from the entry of raw material to external suppliers to the billing of the finished
product. It was possible to collect detailed information on these processes and describe, through
the lean six sigma tool, the mapping of the value flow, in order to see all existing waste and
inefficiencies.
Due to the high complexity and extension evidenced, the company's management, together with
the continuous improvement sector, will give guidance on which processes will be focused on the
research, since it is not possible to attack the entire chain at once. This way, the actions that will
bring the greatest gains to the company in financial terms, lead time, productivity, decrease in
inventories and increase in quality will be the focus of the work.
4. Actual State
The study will focus on just one family of products, and to reach the process of assembling this
product, production depends on other sectors of the factory and external suppliers, because the
structure of the company in question is a verticalized manufacture with several different processes
and expertise.
To be able to deliver the product to customers that produce stoves, it is necessary to have several
internal and external suppliers that are responsible for delivering all components and raw materials.
Among the company's main production processes, some are component suppliers.
One of the most important supplier sectors of the company is the electronic, since this sector
assembles the electronic boards that are sent to the final assembly sector. In addition to the
assembly of electronic boards, it is worth mentioning that the added value in this component is
quite significant for the final cost of the product, in addition to its quality interfering strongly in
the functionality of the product.
4.2 Study Process

The company has a vertical profile and among the main production processes of the factory, which can cause injection
of thermoplastic parts, stamping of metal components, making molds for injection of thermoplastics and mold tools,
in addition to various assembly processes. Serving several automotive customers, white goods and aftermarket.
The base product for the research, it is one of the company's flagships, having an average demand of 310,000 pieces
per month, this product is supplied to stove manufacturers in Brazil and in several countries around the world. This
family of products was chosen to be the target of this work, because it is very representative in terms of the company's
revenue, with great projections in the market that are aligned with the company's strategic planning.
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The studied process focus on the assembly sector, which relies on pre-assemblies until reaching the final assembly
line. The technical concept of assemblies and pre-assemblies will not be changed at first, since the work focuses on
increasing productivity and quality, reducing waste and decreasing the Lead Time, being linked to the rearrangement
of the layout and flow.
The study sector, treated by “Machining”, currently begins its process in the winders, where after receiving the spool,
the copper wire is wound and sent to the welding machine that welds the wire at the terminals and forms one of the
coils. Then, two mirrored pre-assembly lines pre-assemble, sending the product for a preheating before receiving the
resin that is on the coil.
After the semi-finished product stays in the oven for 5 hours to cure the resin, it is sent to the final assembly line,
together with the electronic board, the board is assembled in the electronics sector fully prepared with anti-aesthetic
environment, in this assembly line that is also mirrored, is where the product will be assembled, tested and packaged,
ready to deliver to customers.

5. Improvements Identified
VSM requires a good survey of information to understand the entire flow of the factory and more
than that to be able to identify processes and activities that do not add value to customers and make
the product more expensive. Thus, already in the VSM of the current state, it is possible to identify
opportunities for improvement, which will then be the direction of activities, improvements and
projects.
5.1 Crimping Machine

In the current state of the factory, to make the spool, the stamping sector makes the terminals and sends them to the
hydration sector, where drumming will be carried out to guarantee the quality of the terminals, eliminating burrs.
When the terminals are drummed, they are sent to suppliers who are responsible for the termical treatment of the
terminals.
Parallel to the process of making the terminals, the reels are injected in the plastic injection sector and as soon as the
terminals that are already heat treated arrive again at the factory, the two components are sent to another supplier so
that the terminals can be driven into the spool. Upon receiving the spool with the spiked terminals, they are directed
to the machining sector to be wound and welded to form one of the intermediate products.
As a result of the high number of parts in the buffers that are made to guarantee the supply of processes carried out by
external suppliers, such as the thermal treatment of the terminals and the crimping of the terminals on the reels, a long
lead time is generated, which in turn impacts negatively in the company's results because it makes planning in
production difficult and generates “holes” in the cash flow, since the raw material is purchased, manufactured and
only after approximately 4 months are invoiced.
The proposed future state tries to solve the problems resulting from the excess of movements made for the manufacture
of the product, for this purpose a crimping machine for the terminals on the reel will be integrated into the machining
process, which will make the PI cheaper, will bring a significant gain in lead time and intermediate stocks.

5.2 Electronic Assembly

In the current state of the factory presents, among the internal and external suppliers is the electronics sector, every
production made in the electronics sector represents the production planned for the next day of the plant, the electronics
sector makes its schedule ahead of its client one day, in this case, the machining assembly sector.
The sector has a structure prepared for mounting the plates with anti-aesthetic floor, all employees or visitors who
have access to the production line must wear anti-aesthetic jackets and boots, operators connected to the workbenches
must use anti-static bracelets, all to ensure quality in assembly and do not burn the components.

5.2.1 Kaizen Electronic Assembly

In the current electronic assembly process, automatic assembly starts with a machine that insert components on
electronic boards, being possible to insert only part of the components that make up the board. In the next step of the
process, the workforce finishes inserting the components that the machine does not insert and sends them to the
welding process, according to the layout.
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Figure 1: Layout Electronic Assembly
The first thing to do is to understand the current state of the line in question, and for that it is necessary to do a
chronoanalysis, which means going to the factory floor and time all the processes. To guarantee a more reliable time,
the times should be done several times.
After arriving at all cycle times, the ideal is to transpose the numbers in graphs to make easier to observe the times
and the synchronization of the operators, since it is very important to determine the work rate, known as takt time.
In addition to the takt time, it is possible to know what is the number of labors that will be needed in the process by
taking the sum of cycle times and dividing by the value of the takt time, we have the number that manpower that
serves as a north to be followed. It is important to note that not all calculations are possible to meet exactly the amount
of labor determined.
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 =

(7,98ℎ𝑟𝑟𝑟𝑟20𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑3600) − (0,17ℎ𝑟𝑟𝑟𝑟20𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑3600)
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
𝑠𝑠𝑠𝑠𝑠𝑠
=
= 1,86
𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷
𝑝𝑝
302.000 𝑝𝑝/𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ
𝑁𝑁° 𝑀𝑀𝑀𝑀𝑀𝑀 =

𝛴𝛴 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡
23,33
=
= 12,54 ≅ 13 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇
1,86

Line balancing enters on this stage of the Kaizen to balance all the times of the operators and ensure that everyone
does the operations within a maximum time interval, always worrying about getting the takt time. When any of the
processes are not below the takt time, the operations must be merged in order to try to divide a little of each operation
to each of the stations or operators.
When the division of an operation is not possible, the solution is to add operators to perform the same processes,
because this way, the time is divided by the number of operators that perform the same function up to a value that is
below the takt time.
Table 1: Value addition

After understanding the entire process flow and calculating the takt time and the number of operators, considering the
basic calculations for directing the work, the analysis of the values begins to propose future states considered ideas by
the research team.
For the future state of the assembly of electronic boards, in addition to reduce the time of operations by eliminating
some activities that do not add value, it is necessary to propose a new layout to meet the desired configuration, since
the previous configuration of the assembly does not meet the needs estimated by the team. Figure 2 illustrates in an
illustrative way the proper layout configuration to meet the requirements estimated by the team.
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Figure 2: Layout proposal

6. Financial Analysis
The first change is the purchase of the crimping machine, it will not impact the final production
line, but it is an investment that can reduce the costs of both the product and the company's
logistics, in addition to reducing inventories in the area of reel injection.
The current cost of the part until the crimping process is R$1.63, making the proposed change that
includes the purchase of the crimping machine for the factory and thus eliminating the logistical
processes from the external supplier, this cost would drop to R$1.51. The investment in the
crimping machine, taking into account its purchase, installation and training is R $ 2,000,000.00.
In addition to the internalization of the crimping machine, the proposal is also to change the layout
of the electronic sector (MOE) and take it to where the Assembly and Machining (MUS) is today.
The following figure shows how the integrated layout of MOE with MUS would look.

Figure 3: Final layout proposal

The following investments are required to apply the change in the MOE sector: Hiring a company
to change internal machines; Hiring a company to analyze the electrical network for the new
installations; Buy antistatic floors; Installation of antistatic floors; Purchase and install protective
walls in the area of the new MOE.
These investments have the following costs: R$ 7,100.00 for internal movement of the machines,
R$ 244,972.161 for the installation of the electrical network, R$ 19,350.00 for the purchase and
installation of antistatic floors and R$ 19,600.00 for the purchase and assembly of the partitions.
Totaling an investment of R $ 291,022,161 for the change as a whole.
In addition it was possible to reduce 8 manpower in the process of this change (information from
the VSM Proposed)
The reductions made after the changes and the total investment are shown in the table below:
Table 2: Costs and investments from final changes proposal
Unitary

Total

Fixed cost
Building rent
Factory security
Electrical energy
Maintenance
Supplier payment

R$110.000,00
R$50.000,00
R$300.000,00
R$50.000,00
R$1.050.000,00
R$1.560.000,00

Variable cost
Raw Material
Packaging

R$5,28
R$0,50
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Labor (35)
Logistic cost
R$6,28

R$119.999,00
R$35.868,36
R$154.868,36

Expenses
Administrative payment
Investments
Depreciation
Selling price
Factory demand

R$200.000,00
R$2.291.022,16
R$ 30.000,00
R$14,50
310.000 (month)

First is necessary to calculate de Cash Flow:
𝐶𝐶𝐶𝐶𝐶𝐶ℎ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸
𝐶𝐶𝐶𝐶𝐶𝐶ℎ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = (14,50 ∗ 310.000) − (6,26 ∗ 310.000 + 230.000 + 1.560.000)
𝐶𝐶𝐶𝐶𝐶𝐶ℎ 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 = 758.331,64

To calculate the Payback of these investments, taking into account the gains that were shown
previously, it is possible to make an accumulated cash flow, to discount the investments. For this
we will also use the NAV calculation to bring the cash flow to the values corresponding to real
time, a TMA = 5% will be used. The Discounted Payback accounts are shown in the table below:
Table 3: Discounted payback calculation
Years

Cash Flow

Discounted Cash Flow

Accumulated Cash Flow

0

-R$ 2.291.022,16

-R$ 2.291.022,16

-R$ 2.291.022,16

1

R$ 758.331,64

R$ 722.220,61

-R$ 1.568.801,55

2

R$ 758.331,64

R$ 687.829,15

-R$ 880.972,40

3

R$ 758.331,64

R$ 655.075,38

-R$ 225.897,02

4

R$ 758.331,64

R$ 623.881,32

R$ 397.984,30

To take better conclusions, it’s possible to calculate the internal rate of return (IRR) as seen bellow,
where CF is the discounted cash flow in the correspondent year:
𝐶𝐶𝐶𝐶1
𝐶𝐶𝐶𝐶2
𝐶𝐶𝐶𝐶𝑛𝑛
+
+ ⋯+
(1 + 𝐼𝐼𝐼𝐼𝐼𝐼)1 (1 + 𝐼𝐼𝐼𝐼𝐼𝐼)2
(1 + 𝐼𝐼𝐼𝐼𝐼𝐼)𝑛𝑛
722.220,61 687.829,15 655.075,38 623.881,32
0 = −2.291.022,16 +
+
+
+
(1 + 𝐼𝐼𝐼𝐼𝐼𝐼)1 (1 + 𝐼𝐼𝐼𝐼𝐼𝐼)2 (1 + 𝐼𝐼𝐼𝐼𝐼𝐼)3 (1 + 𝐼𝐼𝐼𝐼𝐼𝐼)4
0 = 𝐶𝐶𝐶𝐶0 +

This equation was solved by putting the values in an excel table, and the value of IRR was
6,909%
It is expected that the result of the actions will reduce approximately 25 days of production lead
time, in addition to reducing resources and improving the quality of the products, since electronic
products must be stored, transported or handled with suitable equipment.
Table 4: Value addition after changes
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7. Conclusion
VSM (Value Stream Mapping) is a tool that allows you to have a macro view of all operations that
are carried out to produce a certain product. Often, top management does not have the same vision
and when a mapping is done, it is possible to transmit and demonstrate in practice all activities that
do not add value.
There are several challenges when implementing and disseminating a culture in a company, as
management support which has the biggest importance. Everyone must have the knowledge and
believe that Kaizen works, and Six Sigma projects bring results for the company. Using VSM is
an excellent tool to convince when the culture change initiative isn’t top down.
Just as the Value Stream Mapping is a tool to have a vision of the whole process and with it is
possible to propose reductions and improvements, in this action research, it was possible to see the
tool from a different angle, because, in addition to all the potentials improvements and,
consequently, financial gains identified to the company, it was used to manage activities and make
strategic decisions together with a s financial analysis study and finally a simulation in 3D software
of the chosen final scenario.
Analyzing the results obtained, it is possible to see the changes as viable or not for the company
to implement. Payback criteria and internal rate of return were taken into account, where for the
project to be viable needs to have a payback lower than 5 years and the IRR must be greater than
the TMA (in this study used as 5%), or at least both must equal in value. If only one of the
statements above is true, the investment cannot be considered 100% safe for the company.
The scenario proposed was taking the two changes and both needed to prove to be a safe and viable
investments. The results obtained were a payback of 3 years and 5 months, acceptable in the
established standards, and an internal rate of return of 6.909%, higher than the TMA of 5%.
With the studies done, it is possible to analyze that, among the impact scenarios analyzed to
implement the changes proposed in the value flow map presented by the company, what will bring
the greatest financial advantage for the company is just making the Kaizen change.
However, not only should the financial advantage be analyzed, as the first change proposed has
already been emphasized, it is important for operations and billing since it has a great impact on
inventories and production lead time, becoming a critical process.
Therefore, the final scenario contains financial advantage change and the change that solves one
of the major billing problems in one of the company's main products. In addition to the results of
payback and internal rate of return analysis being positive, this scenario proves that the investment
is safe to the company and the most strategically advantageous. The treated information was also
proven in the simulation performed in the Flexsim software.
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