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ABSTRACT 
 
This research presents the data obtained in a metalurgical company, from the implementation 
of VSM - Value Stream Mapping tool - in agreement with the Lean Manufacturing - LM 
system. Through a quali-quantitative approach, and the research-action method was used as a 
research strategy. The starting point was based on a bibliographical survey, it was sought to 
identify concepts to develop and implement VSM in a manufacturing unit located in the 
industrial district of Guarulhos (Brazil). The participation of employees and researchers, we 
test the hypothesis that with the VSM method implementation is possible to obtain a 
productivity gain without investment in assets. The results demonstrated an improvement in 
productivity, increasing the man, hour, machine (hhm) ratio by 26.74%, a 21% reduction in 
processing time (PT) and 31.5% in Lead Time (LT). Was concluded that with the application 
of the VSM tool an improvement of the planning, programming and production control 
(PPCP) management is obtained, resulting in actions that lead to the productivity gain. This 
study contributes to demonstrate that managing the production based on real data structured in 
mathematical tools is as relevant as the improvement of the productive infrastructure of the 
factory; leading to the effective reduction of waste, to improving productivity and increasing 
the competitiveness. 
 
Keywords: Value Stream Mapping – VSM. Lean Manufacturing. Action Research. Lead 
Time. Production Management. 
 
RESUMO 
 
Esta pesquisa apresenta os dados obtidos em uma empresa metalúrgica, a partir da 
implementação da ferramenta VSM – Mapeamento de fluxo de valor - em concordância com 
o sistema Lean Manufacturing - LM. Por meio de uma abordagem quali-quantitativa, o 
método de pesquisa-ação foi utilizado como estratégia de pesquisa. O ponto de partida foi 
baseado em uma pesquisa bibliográfica, buscou-se identificar conceitos para desenvolver e 
implementar o VSM em uma unidade fabril localizada no distrito industrial de Guarulhos 
(Brasil). Com a participação de funcionários e pesquisadores, testamos a hipótese de que, com 
a implementação do método VSM, é possível obter ganhos de produtividade sem 
investimento em ativos. Os resultados demonstraram melhorias de produtividade, aumentando 
a proporção homem, hora, máquina (hhm) em 26,74%, redução de 21% no tempo de 
processamento (TP) e 31,5% no lead time (LT). Concluiu-se que, com a aplicação da 
ferramenta VSM, é obtida uma melhoria no gerenciamento do planejamento, programação e 
controle de produção (PPCP), resultando em ações que levam ao ganho de produtividade. Este 
estudo contribui para demonstrar que o gerenciamento da produção com base em dados reais 
estruturados em ferramentas matemáticas é tão relevante quanto a melhoria da infraestrutura 
produtiva da fábrica; levando à redução efetiva de resíduos, melhorando a produtividade e 
aumentando a competitividade. 
 
Palavras-chave: Mapeamento do Fluxo de Valor. Manufatura. Pesquisa-Ação. Tempo de 
Atravessamento. Gerenciamento de Produção. 
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1 NTRODUCTION 

 

Currently Brazilian market is characterized by the predominance of companies that 

coexist in an environment with fierce competition. These organizations seek insertion into a 

globalized market where there are customers and consumers’ high demand for products with 

adequate quality and lower costs and suppliers’ need to be agile and adaptable to meet the 

tight delivery deadlines. 

In this way, companies have been striving to consolidate themselves in the current 

highly competitive market scenario, where managing productive activities requires a 

combination of skills and processes. The necessary skills are: entrepreneurial vision, 

intellectual boldness and competence regarding the use of resources needed in production. In 

relation to process, so that the management of productive activities becomes feasible, it is 

necessary to have programming, planning, mapping and operational control, which require 

reliable flow of information. 

According to Tubino (2007) it is necessary that the companies comprehend, within 

their limits, what are their abilities and strengths when effecting the necessary relationship 

with the environment; creating competitive advantages that bring them gains from the market 

situations. This vision, at the strategic level, will enable the tactical and operational levels to 

take correct actions to make productive units effective through operations performed with a 

high level of efficiency. 

Corporate sustainability is seen not only by the bias of the tripartite relationship 

among company, clientele and investors, but also includes the consolidation of attitudes 

considered ethical - in the sense of observation and respect for the standards and for the set of 

laws and regulations needed to be compliant with the guidelines and policies of the enterprise 

– face to local legal devices. 

 Within this concept, the corporate sustainability will present consistency from the 

effective action permeated by transparent dialogues, consistent flow of information and, 

fundamentally, the practices that make possible the valorization of the brand, customer 

loyalty, commitment and the establishment of alliances with partners. This effective action 

consolidates the strengthening of both the company, from the institutional point of view, and 

the network that supports it. 

By maintaining these practices, it meets the interests of the organization or the 

business unit (BU), the stakeholders’ expectations, as well as the return and the necessary 

maximization of profit margins, allowing the creation of a favorable scenario to the existence 
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and the strengthening of an organism capable of establishing vigorous social bonds and 

providing the longevity of the BU, the enterprise or the company.  

According to Marinardes, Alves, Raposo and Domingues (2011), this classification 

presents simplicity and coherence, differing from the classification proposed in the 

Stakeholder Salience model presented by Mitchell, Agle and Wood (1997), which establishes 

three factors - power, legitimacy and urgency - to classify by importance the stakeholders of 

the BU.  

An operational definition for efficiency can be established by the relation between 

expected consumption of resources and actual consumption of resources.  Brito and Mariotto 

(2013) emphasizes the importance of managers seeking efficiency and effectiveness in their 

productive processes; but highlights the danger of the company in pursuing efficiency alone. 

The development of this work included a bibliographic research on cost management, 

production function, productive systems, Lean Manufacturing (LM) and Value Stream 

Mapping (VSM). It should be noted that the current research, due to its exploratory bias and 

its goal of generating knowledge for practical application, is classified as being of an applied 

nature; the approach is qualitative-quantitative, according to Gil’s concepts (2008). In relation 

to the method, it can be classified as action research, which according to Thiollent (2011) is 

the one which implies action on the part of people or groups involved in the observed issue, in 

the case of this research, to identify, develop and implement VSM based on the current state 

map and the principles of LM. This article was structured in the following way: the first 

session presents the introduction of the research, the definition of the problem and the 

methodological approach; in the second one, the theoretical referential is described; in the 

third one, the application of the action research is presented and finally the conclusion of the 

research is described in the fourth session. 

 

2 THEORETICAL FRAMEWORK 
 

 
In order to set up the theoretical methodological framework of this research, a 

bibliographical research was carried out on: Research Methodology, Production Planning and 

Control, Lean Manufacturing, and Value Stream Mapping (VSM). According to Torres 

(2014), the relevance of bibliographic research "Is in the fact, among others, that the theory 

makes possible in every way the reading and interpretation of different texts with which we 

discover new texts, or not, in search of new senses. In addition, above all, to its unity with the 

practice that allows us to see the object from the concrete reality, since, for the 
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accomplishment of a research work, there is to be made several articulations between theory 

and practice, respecting their autonomy and dependence on the foundation of the object and 

field investigated" (p. 43). 

In this way, the present research articulates the theory and the practice to answer 

whether it is possible to obtain a productivity gain without any investment in assets, only with 

the implementation of the VSM tool. 

 

2.1 Managing costs: the production function and the production systems 

 

Seeking to control and reduce as well as ensure and maintain the profit margins of 

productive activities, managing costs is fundamental for the company to remain sustainable 

and competitive; even more facing the globalized market. Traditional cost apportionment 

systems that involve direct (DC) and indirect (IC) costs synergistically linked to fixed (FC) 

and variable (VC) costs require special attention.  The indirect costs are particularly 

pernicious, since their growth is vertiginous, especially in the case of the demand to be 

suppressed. The direct costs, however, require a proper mapping of direct labor that must have 

adequate productivity. On the other hand, productive systems, involving the production of 

goods and services, are dependent on a well-structured PPCP sector. The Taylorist-Fordist 

paradigm, has the concept of a reorder point and minimum lot which aim to push the 

production, always looking at inventories and linking purchase orders to production orders, as 

shown in Figure 1. 

 
Figure 1 - PPCP under the conventional view. Source: Authors 

 
 

Orders in Purchase �  PPCP  � Orders in Production 
 
 

 

Linke, Chaves, Espinha, Tsukuda, and Narciso (2013) argue that the PPCP is the 

sector responsible for both the coordination and the adequate application of productive 

resources so that the plans previously established by the company are efficiently met. The 

PPCP sector is structured to simplify activities and to eliminate unnecessary time and 

activities.Planning presupposes designing and formalizing future activities and aspirations, 

therefore keeping control and adopting eventual corrections are essential so that the plans can 

be concretized and confirmed. Thus, the operations carried out must be profitable and depend 

on the efficient management of production systems; in such a way that the number of units 
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produced (as a function of the installed operational capacity - IOC) is able to surpass the 

equilibrium point required by the production unit, as shown in Figure 2. They should add 

value at each stage. 

The segment O � B translates the behavior of the total revenues obtained from the 

sales prospects to be carried out by the company. The segment A � C represents the way in 

which the company's expenses are incurred, considering the production costs involved as a 

function of the number of units produced and which has in the segment A � A the reference 

to identify the level of fixed costs (FC). 

As the segment O � B exceeds the segment A � C profit will be obtained; the 

opposite condition will lead to loss and, if total revenue covers total expenditure, we will 

achieve stability of the system through the break-even point. As for costs, one must 

understand the business as a whole and in a detailed and formal way. The VSM tool presents 

a challenge for the company regarding the understanding of the entire production process and 

of which phase of the process is able to deliver value to the customer without impacting costs.  

 

Figure 2 - The profitability of operations. Revenues, expenses and units produced. 
Source: Authors 

 

 

 
 
As shown in figure 3, currently, the production function account resources (labor, 

capital, energy, raw materials, other inputs) through innumerable entry ports, making the 

production unit dependent on social demands (goods and services) arising from the external 

environment. Therefore, this function seeks to consolidate itself in the face of a market 

subject to high amplitude oscillations and it should behave in accordance with the profit 

zone shown in the figure 2. 
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Figure 3 - The production function with the necessary efficiency: to add value and 
eliminate costs. Source: Authors 

 

 

2.2 Lean Manufacturing  

 

By constantly seeking to eliminate waste and excluding what does not add value, in 

addition to providing speed to the company, the foundations of the Lean Manufacturing 

concept are at the heart of the discussions. Werkema (2006) defends the idea that Lean can 

be applied to all kinds of work a more appropriate denomination is Lean Operations or Lean 

Enterprise. The origins of Lean Manufacturing go back to the Toyota Production System 

(also known as Lean Manufacturing or Just in Time Production - JIT).  Taichi Ohno in 

Japan, as well as Orlich in the US, have shifted paradigms from pushed to pulled production 

whose main element, JIT, shows that inventory is one of the wastes within companies. Ohno 

contemplates some elements, which until then was not seen in manufacturing, such as the 

cell lay out, the multifunctional worker, the quick tool change, and especially the total 

quality throughout the company and the Kanban information control system. He also 

considers the elimination of the seven wastes (Muda): 

I. Production of products with defects; 

II. existence of overproduction not required by the clientele; 

III. maintenance of stocks awaiting processing; 

IV. remanufacturing and / or reprocessing; 

V. unnecessary movement of employees and inadequate jobs; 

VI. unnecessary transportation and handling of goods; 
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VII. long set-up, process and / or machine with discontinuities waiting to complete 

processing, employees with interrupted functions and / or waiting to return to work. 

 
The approach adopted for what is generally understood as manufacturing, as described 

by Monden (2012), is that lean production can’t, nor should be considered a change of the 

Scientific Administration, but an evolution of this. Lean production means doing more with 

less, affirming the concept that over-activity is unnecessary and costly, reducing long lead 

times, applying the just-in-time principle on production lines, reducing overall costs, 

improving the relationship between customers and suppliers and implementing an efficient 

quality management system as well. According to Rajenthirakumar and Shankar (2011) "the 

main contribution of lean production is that these practices can function synergistically to 

create a simplified, high quality system that produces finished products at the pace of 

customer demand with little or no waste." However, it should be emphasized that the success 

of implementing any specific management practices often depends on the organizational 

characteristics, so the same set of practices can’t be implemented in all organizations at 

random. (Galbraith (1977), Pepper & Spedding (2010), Shah & Ward (2002)). Companies, 

which are increasingly integrated today, depend on actions that add value to them, eliminating 

wastes; thus, according De Souza et al. (2015), lean production may also be considered as an 

extended JIT mechanism that includes the participation of all parties involved in the supply 

chain, intra and inter companies. 

 

2.3 Value Stream Mapping 

 

Value Stream Mapping (VSM) seeks to systematize the flow of information and 

materials in productive organizations. The stage of mapping the current state of the VSM is 

essential to identify wastes so that one can strategically take the necessary attitudes for the 

implementation of the value map of the future state. A value map is the representation of 

flows from the moment of receipt of the production order to the delivery of the final product.  

Womack and Jones (1998) argue that in the value stream mapping those steps 

considered as non-adding value are correctly specified and timely eliminated. They also state 

that the value in the processing walks throughout the entire system in a continuous and 

constant manner, under the proper management of three managerial tasks, namely: 

- Information management; 

- physical transformation; 

- troubleshooting. 
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Rother and Shook (2003) understand that value stream flow is all the actions 

currently required to bring a product through the main flows essential to every product. 

Sullivan, Mcdonald & Van Akem (2002) highlight that VSM, by providing a common basis 

for the production process, creates conditions for more elaborate decision making in order to 

improve the flow of value. In this way it can be inferred that VSM is applied as a way to 

move towards lean manufacturing and as a formula to lead improvement activities. (Sullivan 

et al., 2002), Sahoo, Singh, Shankar & Tiwari (2008)). With respect to competitiveness, 

Rother and Shook (2003) state that VSM provides companies with a competitive gain, 

avoiding dispersion in punctual improvements, which in most cases provide little end result 

and little support over time.  

The main focus of mapping the value chain is to demonstrate the material and 

information flows in the various phases of production, providing the necessary subsidies to 

choose Lean tools. In the present study, the concept of value is understood as the acceptance 

index that product (or process) presents against the expectation demonstrated by the client. 

Thus, as the value of one product (or process) is higher than that of another, the greater the 

chance that the product (or process) will exceed that offered by its competitor. As shown in 

Figure 4, for the application of the VSM tool, four steps must be accomplished before the 

plan is implemented: Product family selection, Current-state drawing, Future-state drawing 

and Planning and implementation of the Action plan (Rother & Shook, 2003). 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 - Steps for deploying the value stream mapping. 
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Source: Adapted from Rother, M. and Shook, J.: Learning to See: Mapping the Value Stream 
to Add Value and Eliminate Waste. São Paulo: Lean Institute of Brazil, 2003. 

 

According to the authors, the "most important point of the future state 

implementation plan is not to think of it as the introduction of a series of techniques, but to 

regard it as a process of building a series of connected flows for a product family" (Rother & 

Shook, 2003, p. 86). It is observed that in figure 4 the arrows between the present and the 

future states have a double direction, indicating that the development of the present and 

future states are overlapping efforts.  

The first step in the construction of VSM is to choose a product family, "composed of 

a group of products that pass through similar processing steps and over common equipment 

in your downstream processes"; selected the product family the next step is to map (draw) 

the current state "by gathering information on the shop floor.  

This provides the information you need to develop a future state". The construction 

of the third stage - drawing the future state - begins with the ideas that are usually raised in 

the mapping of the current state. Likewise, when drawing the future state important 

information about the current state will be pointed out, which often went unnoticed.  

The fourth step – Action Plan - should describe how to plan this transition from the current 

state to the future state; and its implementation should take place as soon as possible. Then 

as soon as the future state comes true, the mapping process repeats itself. That is nothing 

more than applying the concept of continuous improvement at the value flow level. (Roth & 

Shook, 2003), Guimarães, Medeiros, SANTANA, & Pereira (2015)).  
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Bercaw (2012) states that the technique employed in the VSM tool allows those 

involved (led by a manager) to identify and analyze both the processes and the infrastructure 

for decision making to improve them and reduce waste throughout the flow. Thus, an action 

plan for the future state can / should add value to the production system.  

The following diagram (Figure 5) shows the symbology used in this work to draw the 

current-state and the future-state flow maps for the implementation. 

 

Figure 5 - Symbols used for VS 

 
Figure 5 - Symbols used for VS 

 
Source: Adapted from Rother, M. and Shook, J.: Learning to See: Mapping Value Flow to 
Add Value and Eliminate Waste (2003). 
 
 
 
 
 
 
 
 
3. THE STUDY 
 
3.1 Research Methodology 
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In order to lay the foundations for this research, to develop the study and to validate 

it, we sought support in the Action Research method (AR), according to Thiollent’s concepts 

(2011).  

Among the aspects highlighted by this author, there is the statement that a systemic 

perspective is presented in AR, dealing with the whole and the parts, improving the 

approximation with complexity, factors that have proved important to this research. 

Through AR, researchers take positions and make decisions about transformative actions. In 

this scenario, the actors have the role of becoming articulators and facilitators of the 

researchers involved, allowing information sharing, feedback to stakeholders and 

implementation with concrete initiatives.  

The planning of the research was carried out considering the demands of the 

production unit due to the need to obtain greater productivity, to reduce waste and to 

effectively introduce a quality standard. Thus, having defined the family of product and the 

necessary data collection, it was proposed the elaboration of the activities for the 

construction of the VSM according to Figure 5, already presented. This is applied 

exploratory research and a qualitative and quantitative character. 

 

3.2 The company and the product 
 
 

For the development of the research some field activities were carried out in a 

transformation factory that operates in the metal-mechanical industry, located in the 

industrial park of Guarulhos / SP. One of the seven products, made on a large scale, was 

chosen. The chosen item is seen as a family item, as it has twelve color options and three 

packaging formats. According to Slack, Chambers and Johnston (2009), the production 

system is characterized as Make to Stock (MTS); high volume and low variety (high 

standardization). The activities for the development of the present study are described below, 

in accordance with the steps presented in Figures 6 and 7.  

 

Customer’s profile and requirements: 
• Network = 21 stores. 

• Demand = 86,400 pieces / month 

• Requirement = 21,600 pieces / week in 3 or 4 shipments per week delivered to the 

distribution center (DC) 

 
 

Table1: Operating manufacturing process 
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 INFORMATION COLLECTED REGARDING TO THE PRODUCTION PROCESS 

 LAMINATION STAMPING INJECTION ASSEMBLY PACKING 

Process Semi-automatic 
Semi-

automatic 
Automatic 

process 
Semi-

automatic 
Semi-automatic 

Quantity of 
operators 

02 01 01 01 02 

CT ¹ 
Cycle Time 
(seconds) 

0.23 1.33 (80gpm) 1.0 2.0 0.21 

OT (Operating 
Time) (seconds) 

480 sec / reel - - - 
50 (computed for 
boxes with 240 

pieces) 
UT 2 (Up 

Time) 
79% 41% 53% 71% 68% 

written stock ³ 
(pieces) 

12 reels (*) 
~24,684 pieces. 

3.5 days 
2,300 48,000 19,470 6,190 

 
Sources: Authors 

 
 (*) a reel equal to 2,057 pieces 
¹ Cycle time (CT) is the time required to execute a production activity. CT is understood as the time elapsed between the 
repetition of the operation, from start to finish. CT is the beat time. 
² Up time (UT) is understood in this article as the availability of the equipment on the machine in view of its necessary 
effectiveness against the production requirements. 
3 Written stock refers to inventory observed prior to daily supply. 
 
Company PPCP Activities: 1) Receive the monthly forecast. 2) Feed the production system 

(MRP). 3) Acquire the inputs through orders for steel and plasticizer. 4) Weekly Schedule 

each of the processes of the production function, namely: lamination, stamping, injection, 

assembly and packaging. 

Working time data of the manufacturing company: 

� The current operational availability is:  

• 20 days / month; 

• 8h / day; 

• 2 work shifts; 

• 2 intervals / day.  

 
 
 
 

 

Figure 6: Value Stream Mapping (VSM) - hhm Current State.  Sources: Authors 
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Calculation of current state productivity � hhm: considering 7 operators � 
[(3,600/4.74)/7] = 108.50 un/hhm (unit/man hour machine worked).  
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Figure 7 – Value Stream Mapping - VSM – Future State.  Sources: Authors 
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To perform the calculations, referring to the case on screen, we used the following 

equations from Tubino (2015) and Rother & Shook (2003): 

 

TAKT TIME  (TKT ) = Effective time of operation of a process (per shift)          
         Quantity of the pieces required by customer (per shift) 

Equation 1: Calculating Takt Time (1) 

 

The takt time is a function related to the effective production time considering the 

number of parts ordered. 

 

• TKT = 55,200 / 5,400 = 10.22 sec /piece. 

 Demand (D) � 21,600 in 4 shipments = 5,400 / shipment. 

 
4. CONCLUSIONS 

 
The work presented the development of some articulated techniques to effect the 

VSM and, in this way, make it possible to extend the production planning and control of the 

unit. Managing based on real data structured in mathematical tools is as relevant as the 

improvement of the factory’s productive infrastructure; leading to the effective reduction of 

waste, improving productivity and increasing the competitiveness of the company. Another 

fact worth mentioning has been the consolidation of a base for the implementation of the 

Lean philosophy that requires commitment, discipline and assertive direction.  

These facts were able to guide the organizational culture so that the concept, in the 

operational scope, could allow due alignment of the processes in the sense of adding value. 

As a result, Process Time (P) was reduced by 21% and Lead Time (LT) by 31.5%. The Up 

Time (UT) of machines and equipment was increased in several phases of the process, as it 

is verified by the maps of VSM (current and future). It was verified an improvement in 

productivity raising the MHM (Man, hour, Machine) ratio by 26.74%. In addition to the 

aforementioned, a dialectic was established between the actors of the productive 

organization and the researchers; so that, through the mapping of the material flow and the 

effective coordination of the information, it was possible to increase the visibility that 

allowed greater clarity regarding the production process, improvement of the cleaning, the 

environment as well as the layout, which also helps to eliminate waste. 

As far as transport is concerned, it has become necessary to carry out an additional 

delivery to the network of stores, which at first may seem cost increase. However, this fact 

did not cause losses, because the company always has vehicles in the region; since there are 
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daily deliveries to the metropolitan area of São Paulo city that concentrates other customers 

of the company. As for the method used to carry out this study, it is possible to conclude that 

through the use of Action Research (AR), there was a conversion of scientific facts into 

practical actions, allowing intense interaction between the actors who acted proactively 

intra-organizationally and also between the company partners. With the study, it was 

possible to apply VSM concepts, to enable those involved to learn to identify and solve 

problems collectively, with observation and due action on the problems pointed out. 

With regard to literature, titles where consulted that instrumented the actors with 

tools capable of meeting the demands of the company and the researchers in order to give 

reliability to the process. At the same time, benefits have been incorporated to maintain the 

price-term-quality trinomial making the production function more efficient, contributing to 

the effectiveness of the organization. Finally, considering the descriptive nature of this 

research, since facts and phenomena occurred in an environment where data extraction was 

systematic and practical, it is feasible to classify the study as being of an applied nature. The 

approach is understood as qualitative and quantitative. The researchers are grateful for the 

welcome given by the companies involved, which allowed us to lay the foundations for this 

study, as well as to the evaluation members of the editorial staff of this well-known journal. 
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