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Abstract- The work is the result of research on lean manufacturing and a case study of the application of its main tool that 
helps the visualization and analysis of lean production flow. The main objective is to demonstrate the application of a 
mapping technique, trying to represent the current state and the projection (target) of a future state entered into a Just-in-time 
environment. This tool is called value stream mapping, and is to obtain information such as cycle times, tool change time, 
among others. From this information, one can design the "current state map" and from its analysis becomes possible to 
propose improvements and design the "future state map". Gains were many significant as the inventory reduction of 61.47% 
in process and increased productivity 47.01%, among other gains. 
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I. INTRODUCTION 
 
1.1 Lean manufacturing 
After the end of Second World War, a new 
production system would emerge from the Japanese 
scene, the car factory. Japan devastated skirt the war, 
did not have resources to conduct large investments 
required for the implementation of mass production, 
which characterized the system implemented by 
Henry Ford and General Motors. In Japan there were 
still other problems, its domestic market was small 
and demanded a wide variety of vehicles: luxury cars 
for officials, small cars to the crowded cities, small 
and large trucks to farmers and industries. The native 
labor force of Japan was organized forming strong 
unions demanding greater guarantees of employment, 
getting enough restrict the rights of companies to 
dismiss employees, which occurred frequently in 
mass production. 
 
The mass production system practiced by General 
Motors (in 1920), and later by Volkswagen, Fiat and 
Renault (end of 1950), which is still characterized 
today, uses various skills specific enough 
professionals to design products that are constructed 
by professional machines operating expensive and 
capable of performing a single task type. The 
machines produce standard products and in large 
volume. Due to the high cost of machine downtime, 
the mass production system works with many 
reservations: suppliers, workers and extra spaces to 
ensure continued production, generating enough 
waste. Another issue raised is that due to 
overproduction, produces little variety, not 
satisfactorily serving customers. 
 
After being presented several restrictions by Japan, 
Eiji Toyota (Japanese engineer who visited the Ford  

 
plant) along with Taiichi Ohno, concluded that mass 
production would never work in Japan. From there 
was born the Toyota production system, called lean 
production. The fundamental objectives of this new 
system is characterized by quality and process 
flexibility, increasing its ability to produce and 
compete on the international stage. 
 
This new system compared to the traditional 
production system mass stands out for its use of half 
the human effort, half the manufacturing space, half 
the investment in tools and half the engineering hours 
to develop a new product in half the time. 
 
1.2 Lean production 
The Lean Production System is a management 
philosophy that seeks to optimize the company in 
order to eliminate waste wherever they are and make 
the customer receives what he wants, the quantity 
ordered, as soon as possible, with high quality and 
lower cost [1, 2]. 
The Lean Production System is generally referred to 
in the literature as the Toyota Production System – 
TPS [3, 4], or as Production System with Zero stock – 
PSZS [5]. 
The Lean Production has emerged as a manufacturing 
system, which aims to improve the processes and 
procedures through continuous reduction of waste, 
for example, excess inventory between workstations 
and high wait times. Its fundamental goals are quality 
and process flexibility, expanding its capacity to 
produce and compete in this global scenario [6]. 
 
1.3 The seven key losses – That lean production 
system measures 
Womack & Jones [7], point out that Shigeo Shingo 
for the Toyota Production System identified seven 
types of waste: 
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1.3.1 Damage by overproduction: 
Produce excessively or too early, resulting in a poor 
flow of parts and information, or excess inventory. 
 
1.3.2 Damage by wait: 
Long periods of idle people, parts and information, 
resulting in a poor flow as well as long lead times. 
 
1.3.3 Damage by transport: 
Excessive movement of people, information or parts 
resulting in unnecessary expenditure of capital, time 
and energy. 
 
1.3.4 Damage by processing itself: 
Using the wrong set of tools, systems or procedures, 
usually when a simpler approach can be more 
effective. 
 
1.3.5 Damage by stocks: 
Excessive storage and lack of information or products 
resulting in excessive costs and low customer service 
performance. 
 
1.3.6 Damage by dislocation: 
Clutter the desktop, resulting poor performance of 
ergonomics and frequent loss of items. 
 
1.3.7 Damage by defects: 
Frequent problems in the process of letters, product 
quality problems or poor performance in delivery. 
 
1.4-Mentality lean 
Within the principles of lean production system, we 
can define as lean thinking, fundamental to pics in the 
elimination of losses: 
 Specify: activity that creates value only at 
the customer's perspective; 
 Identify: all the steps required to design, 
order and produce products throughout the value 
stream to highlight the losses without value; 
 Doing actions that create value stream 
without interruption, detours, setbacks, delays or 
waste; 
 Only produce what is "pulled" by the 
customer at the right time; 
 Pursue perfection by the continued 
elimination of losses. 
 
1.5 Features lean production system 
The main features of lean production system are: 
- The production line starts to work based on real 
market demand and not because of market forecasts 
made by internal departments. Thus, only the models 
for which there is demand produced. 
- New production methods allow great flexibility of 
assembly line with reduced machine set-up times and 
tool changes. 
- The number of purchased from third parts increases 
while the number of suppliers decreases. The 

relationship between manufacturers and suppliers 
becomes partnership and long-term. 
- Employees are made aware through training 
programs and begin to always seek the best quality, 
which allows reducing the number of indirect 
workers as supervisors and quality inspectors, and 
significantly increase the level of product quality, 
reducing rates of waste, complaints and rework. 
- Works with the Just-in-time system, in order to 
eliminate the stock. 
The method depends on empty boxes of parts that 
leaves the factory and arrive vendor indicating how 
many items should be provided. 
The supplier adjusts its production to the automaker 
and makes products in small batches. 
- Inventories are reduced practically to zero and 
suppliers start to produce and deliver on the assembly 
line small batches of parts. 
- The engineering factory and manufacturing are 
incorporated by engineering products making tools, 
machines and manufacturing processes can be 
defined and designed in parallel with product design, 
reducing the total time of design and development of 
a new product. 
- The main goal of lean production is to meet the 
needs of consumers. 
In the case of the manufacturing system of the Toyota 
plant, they were set up huge databases on the 
Japanese and American consumers, their homes and 
their shopping preferences. 
 
II. VALUE FLOWMAPPING 
 
2.1. What is the value flow mapping 
According Rother & Shook [8], consider the value 
stream perspective means considering the whole 
system, not just individual process; improve the 
whole, not just optimizing parties. Is it really 
necessary to look at the whole and go all the way, 
from the entry of obtaining the raw materials to the 
consumer; It must therefore follow the value stream 
of a product by various companies and even other 
production units, as shown in "Fig. 1". 
 

 
 
The value stream mapping is a tool that can use only 
paper and pencil and helps visualize and understand 
the flow of material and information, in that the 
product is the following flow value. Among the 
several advantages of value stream mapping, Rother 
& Shook [8] suggested that the mapping: 
- Helps to view more than just the individual case, for 
example fitting, welding, etc. Helps visualize the 
flow. 
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- Helps to identify more than waste, identifying the 
sources of waste in the value stream. Providing a 
common language to address the manufacturing 
processes and make decisions about the visible flows, 
so that you can discuss them.  
- Associates concepts and lean techniques, which 
helps prevent the implementation of some techniques 
alone. Forms the basis of an implementation plan. To 
help design as the total flow door-to-door should 
operate - a part missing in many lean efforts - the 
value stream maps become reference for the lean 
implementation. 
- Shows the relationship between the flow 
information and the flow of material. 
The main point of becoming lean is not just "map", 
which is only a technique. The most important is to 
implement a stream that adds value. To create this 
stream you must have a "vision" of the flow. Map 
view and helps to focus the stream with the ideal state 
vision, or at least improved, thus proposed [8]. 
 
2.2 Material flow and information 
Whereas the production flow, as shown in "Fig. 2", 
which usually comes to mind is the material flow 
inside the factory. However, there is another stream - 
the information - that says for every process, which 
manufacture or do next. The material and information 
flows should be mapped together [8]. 
 
In lean production, the flow of information should be 
treated with as much importance as the material flow. 
Among the various information systems, we can 
mention the Kanban system. According Ohno [3], the 
Kanban is a piece of paper within a rectangular vinyl 
envelope, on which information can be divided into 
three categories: (1) data collection, (2) information 
transfer, and (3) production of information. The 
Kanban carries the vertical and lateral information 
within the Toyota and between the Toyota and the 
collaborating companies. 
 

 
Fig. 2. Flow material and information [8] 

 
According Ohno [3], just in time means that, in a 
flow process, the correct parts required for assembly 
reaches the assembly line when they are needed and 
only to the extent necessary. A company that 
establish this flow can fully get to zero stock. 
Hutchins [9] proposed that the Just-in-time indicates 
that a process is able to respond instantly to demand, 

without requiring any additional stock, either in 
anticipation of future demand, whether because of 
inefficiency in the process. The Just-in-time is a goal 
and that goal is the total elimination of inventories, 
maintaining minimum work in process. 
For the value stream mapping should be followed the 
following steps: 

(1) Set the product family, it is easier and simpler 
to understand than to map each product 
individually. 

(2) Draw the current state map, describing how the 
company is right now. At this stage, it must 
first be make the representation (drawing) of 
the client, at the top right of the sheet. Next 
comes the representation of processes. After 
the representation of the process should 
represent the supplier of raw materials, then 
the flow of information and finally adding the 
lead-time of each process in the bottom of the 
sheet. 

(3) Design the future state map, a representation of 
how can be found all waste disposed. 

(4) Make a work plan divided into stages, with the 
purpose of each, targets and dates to achieve 
the future state [8]. 

As soon as the future state map becomes reality, the 
mapping process is repeated, it is always necessary to 
a future state, according to "Fig. 3". 
 

 
Fig. 3. Mapping cycle [8] 

 
III. RESULTS  
 
3.1. Case study in a manufacturing company  
The case study was conducted in amanufacturing 
company located in Alagoa Nova – Paraiba, is a 
company of the shoes area. Its manufacturing system 
is the thrust type. 
For the study suggested by the plant manager of this 
company, that the study was performed on the 
product family (Platform), as these have a significant 
monetary return for the corporation. 
 

 
Fig. 4: Flow of information andmaterials 
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For the study suggested by the plant manager of this 
company, that the study was performed on the 
product family (Platform), as these have a significant 
monetary return for the corporation. After setting the 
family of products would be mapped to obtain some 
information was needed. 
From the "Fig. 4"can describe that: 
Customer: the customer is the warehouse of finished 
products; the quantities offered in the packages are 12 
pairs; 
Supplier: Layout is the leading provider of 
components that provides the substrates; delivery of 
these materials are made three times a week; the 
stock that the company maintains are 4 days. 
 
Information System: Customer requests are made to 
the Sales Department via information management 
system. Moreover, through this entire MRP is 
generated, all materials necessary for the production. 
From there the PPC (Planning and Production 
Control), generates what to produce, when to 
produce. According Lubben [10], MRP is a planning 
system based on the burst structure of the products in 
order to control the material requirements. 
 
This was the first part of the collection of 
information; the second part was the collection of 
information within the company. In the second part, it 
was first necessary to know the products that are 
delivered to the customer and then know the process 
route thereof. 
 
In the current state map "Fig. 5", it was necessary to 
obtain the following information: the number of 
people working in the cell, the product cycle time 
within each cell, the changeover time and inventory 
time between cells. In determining the cycle time, 
study time was necessary, which was done according 
to the procedures of the company. 
 
Each product had thirty timed samples, as follows: 
once a product was placed in their final packaging the 
timer was triggered, then as soon as the next product 
was placed in packaging the timer was turned off. 
From these times was calculated average cycle time 
for all products. In addition, it had to time the time of 
changeover. 

In the current state map "Fig. 5" weren´t shown all 
the "arrows" linking PPC cells, to facilitate 
understanding thereof, leaving clear that all cells are 
scheduled by the PPC. 
To evaluate the methodology employed in this work, 
the eight steps proposed by ROTHER & SHOOK [8] 
were followed. 
Step 1: Determine the takt time: According Rother & 
Shook [8], "takt time" is the time when you should 
produce a part or product, based on the pace of sales, 
to meet customer demand. The takt time is calculated 
by dividing the volume of customer demand (units) 
per turn as the available working time (in seconds) 
per shift. The total pairs demanded to the warehouse 
is 4,400 pairs. The treadmill works in two shifts, 
totaling 16.0 hours, or 57600 seconds. After given the 
time available, to determine the takt time is necessary 
to divide the time available for the daily demand. As 
the daily demand is 4,400 pairs. Therefore, the takt 
time will be eq. (1): 
푡푎푘푡	푡푖푚푒 = 	 = 13.09	푠푒푔푢푛푑푠            (1) 
Looking at the current state map, you can see that 
every job have a cycle time below the time takt time, 
production will be answered. 
Step 2: Determine whether the final products will be 
arranged in supermarkets or produced directly for 
shipment: The products are already produced directly 
for the expedition with a small stock of 3.0 days. 
Step 3: Identify the processes that have the next cycle 
time and can be placed in a continuous flow: the fork 
mounting operations were verified; apply glue soles 
and wedge; adjust fork; union and sand components. 
Step 4: Establish be used where the drawn system, 
usually with the use of supermarkets and withdrawal 
Kanban: This system is implemented between the 
packer and the warehouse. Once a packaging parts is 
placed in the warehouse, it generates counter space, 
indicating that it must produce that amount has been 
delivered to the warehouse. 
Step 5: Determine which will handle the process: 
With the implementation of Kanban Production 
System, the process will handle the packer job. 
Step 6: Make levelingproduction mix: With the 
implementation ofKanbanProduction System, 
levelingwill be done byproductionbatchof12 pairs. 
 

 

 
Fig. 5: Current state map 
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Table 1- Legendof Fig. 5 

 
 
Step 7: Determine the pitch(production verification 
interval): It can be performed depending on the  
leveledlots: According Rother & Shook [8], the pitch 
is the increment of work and is of ten calculated 
based on the number of pieces per pack. Therefore, 
the pitch will be eq. (2): 
풑풊풕풄풉 = 풕풂풄풌	풕풊풎풆	풙	퐩퐚퐜퐤퐚퐠퐞	퐬퐢퐳퐞	 
푝푖푡푐ℎ = 13.09	푥	12 = 157.0	푠푒푐표푛푑푠                   (2)                                             
 
The value found for the pitch that is every 157 
seconds is necessary to instruct the pulling process to 
produce the same quantity in each package. 
 
 
 

 
Step 8: The necessary improvements to achieve the 
future state: For line balancing, there should be a 
study of times and methods, combined with an 
ergonomic analysis of the work. 
Once the line is balanced, it will be easier to level the 
production mix, also using an appropriate 
methodology to deal with the difficulties encountered 
(five whys, cause-effect diagram, etc.). We can now 
draw of the future state map "Fig. 6” with a simpler 
information flow, and a level production. 
As can be seen in the future state map, "Fig. 6", the 
stock has decreased by 61.47%, as it is a goal of the 
company as to reduce the stock by half with the 
deployment of cells. 
 

 
Fig. 6: Future state map 

 
Table 2- Legendof Fig. 6 

 
 
CONCLUSION 
 
The work aimed to demonstrate the application of a 
mapping technique [8], seeking to represent the 
current state and the projection (target) of a future 
state entered into a Just-in-time environment. 

 
The future state map "Fig. 6" was developed based on 
the following business goals: 
 
- Reduce the current inventory in half with the 
creation of supermarkets. 
- Deploy lean system. 
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- Reduce waste operations. 
- Continuous improvement. 
- And especially the involvement of staff. 
Comparing "Fig. 5" and "Fig. 6" can clearly see that 
we obtained: 
• Employee Capital reduction: 
- Inventory reductioninprocess of 714 pairs to 298 
pairs, gain of 61.47%. 
- Reduction of the Manufacturing area required of 
130.2 m2 to 62.88 m2, gain of 51.70%. 
- Reduced need for working capital and financial 
cycle. 
- Elimination of unnecessary equipment. 
- Equipment efficiency increase, and in some cases, 
reliability. 
- Reduction of corrective maintenance, unscheduled 
stops and other losses. 
- Reduction Lead-time of the process from 9346.2” to 
3900.8", gain of 61.47%. 
• Increased productivity: 
- Increased yield processes from 11.00 
pars/person/hour to 16.18 pars/person/hour, earning 
47.01%. 
- Reduction of losses in the process and waste in 
general. 
- Greater efficiency in resource allocation. 
- Percentage Reduction manufactured defective 
products. 
- Percentage of reduction of deliveries late. 
When looking at the current state map "Fig. 6" is 
noted that all cells have the time below the cycle time 
of takt time, then they can meet the demand. 
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