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Abstract: In the age of globalization and disposable consumerism, the demands of global markets 

and consumers are pressing companies, particularly in the industrial sector, to look for production systems 

that can quickly and efficiently adapt to this new reality. It was in response to this need that Lean 

Manufacturing emerged, with methodologies and tools that aim to eliminate waste and increase productive 

efficiency and therefore add value to organizations. 

This thesis, carried out in a company of the injection moulding industry, has precisely as objective, the 

application of Lean Manufacturing tools aiming at the continuous improvement. 

In performing the diagnosis done to the company's injection unit, the Lean tool VSM was used in order to 

map the value stream of three distinct production systems, identifying several critical aspects related not 

only to material waste, but mainly due to times without increased value. The following step of this work was 

the execution of a diagnosis now focused on the most sensitive areas, such as the raw material 

warehouse, the setup operations and the layout of the injection unit. Solutions were developed in order 

to solve the critical aspects detected, and a new system of identification and storage of raw materials was 

developed in the warehouse, using Visual Management and 5S. Focused on the improvement of 

mould change operations, solutions were developed, by applying SMED methodology creating a standard 

procedure. For the alternatives to the current layout, the solutions aim to improve material flows, aiming at 

the elimination of WIP, as well as reducing transport and weighing times of final products.  

Some developed solutions were implemented allowing to verify the effectiveness of the Lean tools used. 

Keywords: Lean Manufacturing, Injection moulding industry, VSM, SMED, Visual Management, 5S. 

1 Introduction 

The current industrial competitive context has been 

defined by an increased raising in accessibility and 

services offered, where the consumers became more 

demanding, in order to obtain high quality customized 

products with high performances at a low price. 

Therefore, companies had to develop quick 

responsive productive systems, ready to accept new 

challenges. 

Nowadays industries are constantly seeking to 

innovate in order to remain competitive, to reduce 

their waste and consequent costs associated with 

their production processes, increasingly seeking the 

implementation of the Lean philosophy in their 

organizations. However, in some companies, this has 

been implemented superficially, since they focus on 

the massive application of the tools, without 

understanding that the Lean is a system that must be 

transversal to the entire culture of the organization. 

The injection moulding company where this work was 

carried out, was precisely intended to start this way 

of responding to this need to produce what the 

customer wants, with the least associated waste, 

aiming at competitiveness and increasing production 

efficiency. 

2 Bibliographic research 

The Lean Manufacturing concept was introduced for 

the first time when in 1990, Womack, Jones and 

Roos published the book called “The machine that 

changed the world [1].  

Lean Manufacturing was developed with the purpose 

of creating value by maximizing resource utilization 

and reducing waste. So, Taiichi Ohno proposed 

seven types of waste (MUDA), on his book, "Toyota 

Production System. Beyond Large-Scale Production” 

[2]: 
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• Overproduction; 

• Inventory; 

• Waiting  

• Motion; 

• Transport; 

• Rework or over-processing; 

• Defects. 

In 1990 lots of companies wanted to implement the 

Lean production practices, but despite the book "The 

Machine That Changed the World" in which they 

were inspired, they did not reach the desired results, 

since it did not present a methodology that could be 

followed. In this way, the authors Womack and Jones 

published in 1996 the book "Lean Thinking", that tried 

to fill that gap in which they introduced the 

fundamental concepts for the application of the Lean 

philosophy [3]. 

1. Specify what creates value from the 

customers perspective; 

2. Define the process chain; 

3. Create processes flow; 

4. Make only what is pulled by the customer; 

5. Aim for perfection by continually removing 

wastes. 

Aiming to waste elimination, Lean Manufacturing has 

various tools and techniques, whose implementation 

requires the intervention of various participants from 

the production system.  

In this case study, three of the Lean Manufacturing 

tools were used: 

VSM – Is a Lean tool used to visualize the flow of a 

product or service. This tool consists of representing 

in a flow diagram a certain process so that critical 

operations with wastages are identified. 

In addition to helping to find the wastes and their 

causes, it creates a link between the flows of 

information and material [4]. 

 

SMED – This method consists in a set of techniques 

that improve the tool change process, allowing a 

significant reduction in the time the machine is 

stopped, with the goal being to reach a time of less 

than 10 minutes, hence the term "Single Minute" 

Single digit [5]. 

 

 

 

 

5S - The 5S methodology is based on the 

organization logic of the workstation. It aims to 

reduce waste and improve the performance of people 

and processes using organizational techniques that 

aim to improve the visual control of the workplace 

while aiming to achieve good safety practices [6]. 

 

Other tools and techniques were applied during this 

work, such as Taylor’s Time and Motion Study 

presented on his book “Shop Management” in 1903. 

This one played a fundamental role in the 

familiarization and characterization of the existing 

processes in the factory.  

Visual Management techniques were also applied in 

this work case and aim to create a work place with 

visual communication that allows to control the entire 

surrounding environment. 

In order to apply all these tools aiming problems 

solving, and show their potential to all members in a 

company it is needed to organize meetings called 

Kaizen Events. That way, different talents from the 

production system are combined, and the different 

perspectives create an improving mechanism, aiming 

the waste elimination and a raise in production 

efficiency. 

3 Case study and methodology 

To perform this work, an internship in an injection 

moulding company was realized. The company is 

dedicated to the production of high quality plastic 

components for the most varied industries, such as 

automotive, pharmaceutical, food, etc. 

To carry out this work it was necessary the 

elaboration of an applying methodology, as shown in 

Figure 1. 

First, three production lines considered significant in 

the company were diagnosed, applying motion and 

time studies, and collecting information that allowed 

the construction of the respective VSM. With the data 

obtained during this phase, it was noticed that raw 

material warehouse and setup operations needed 

special attention. Later, the opportunity to develop a 

new layout to the injection moulding unit emerged 

and the characterization of all productive system was 

made. So, the focused diagnosis made in these 

areas allowed to identify the existence of some 

wastes. Then, based on Lean tools and principles, 

solutions were developed, in order to eliminate the 

wastes considered in need of a more urgent care. 
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4 Diagnosis 

In order to characterize the company’s productive 

system, the three most representative production 

lines, with higher production rates, were selected. 

These productions work 24 hours per day 

continuously to satisfy clients demands. After a 

careful data analysis, the value and flow of these 

productions were identified, and finally the value 

stream map was made. 

The information obtained during the VSM conception 

allowed the acknowledgement of various wastes and 

improving opportunities. Knowing that productive 

Lead Time includes production times, as well as 

waits and transports, table 1 shows that the ratios 

between waiting times and transport and productive 

lead time have high values, showing that these 

categories have a very significant weight, reaching 

92,4% in LP2 (productive line 2). 

 

 

 

 

Considering TVA as the time of the operations that 

add value to the process, by the client’s eyes, these 

situations become even more critical when this time 

is compared to Real Lead time as shown on table 2. 

The reduced values of 1,7%, 0,42% and 1,69% 

obtained for the evaluated lines, indicate the 

presence of raw material that is waiting to go for 

production. Also, the results obtained in the ratio 

productive time / real lead time have real low values, 

meaning waits between productions and 

warehouses. These results inducted this work to a 

focused analysis on raw material warehouse. 

Another situation detected on VSM analysis was the 

high values for setup operations around 2 hours of 

non-production time on injection machines. For this 

reason, a detailed study was made to understand 

what was going wrong with this necessary operation. 

 

 

 

Figure 1- Scheme of the applied methodology 



Página 4 de 9 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The study of the setup work was carried out in 

several injection machines. For each setup, the 

dozens of tasks were classified as eight big 

operations, according to SID tool [7]: 

1. Cleaning; 

2. Operator movement; 

3. Transport; 

4. Tools and devices 

5. Positioning and Assembly; 

6. Material change; 

7. Programming; 

8. Adjustments. 

The main results obtained are shown in Figure 2. 

These results allowed the identification of critical 

operations, as operator movement, transports or 

positioning and assembly. 

 

 

For example, setup 1 and setup 3, the 

transportation times go from zero (ideal situation) 

to 16 minutes. 

The operator movement was from 4 minutes on 

setup 2, up to 36 minutes on setup 3, equivalent 

to 4% and 30% of total time of each setup. Those 

tasks are considered external and must be done 

while the machine is still working. On the internal 

tasks like positioning and assembly, long times 

were detected as well. For example on setups 1 

and 4, his operation took around 30 and 44 

minutes respectively, equivalent to 30% of total 

time in both setups.  

The big disparity of times between similar works 

and the high time values observed in the external 

activities, suggest a lack of a standard procedure. 

 

Table 2 – TVA/Real Lead Time and Productive Time/ Real Lead Time ratios. 

Figure 2 - Time analysis - Setups. 

Table 1 – Weights of production time and non-productive time in productive lead time. 
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The diagnosis made to the raw material 

warehouse showed a big lack on identification 

system, with several plates broken, as well as 

materials stored in wrong places or without proper 

identification. The main problem identified due to 

these situations was the raw material waste, 

quantified in 700 Kg per month. 

The opportunity to develop a new layout was due 

to the change of two big production lines to new 

facilities. A Kaizen event was made with the 

participation of the main director as well as each 

department managers, from production to 

logistics and industrial management sections. 

With the value information and suggestions taken 

in this meeting, the next step was the 

characterization of the production system, 

differentiating the types of injection machines, by 

diary production cadences and resources 

consumed. 

Three types of productions were identified: 

a) Per weight – need to weight all boxes 

of final product; 

b) Per parts quantity – specific number of 

parts in a box of final product; 

c) Big clients – most representative 

productions (two identified). 

Some results taken in this analysis are presented 

in table 3, related to productions per weight. The 

table shows the times of the tasks related to this 

process and the related percentages. Finally the 

occupation rate of each machine is presented and 

it was calculated with the expression below. 

𝑜𝑐𝑐𝑢𝑝𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒

=  100% – (%𝑂𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝑚𝑜𝑣𝑒𝑚𝑒𝑛𝑡 𝑡𝑖𝑚𝑒

+  %𝑊𝑒𝑖𝑔ℎ𝑖𝑛𝑔 𝑡𝑖𝑚𝑒 +  %𝐷𝑖𝑠𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠) 

The occupation rate estimated, 70,2%, show a 

big margin of improvement opportunity. 

 

 

 

 

 

 

 

 

 

Another aspect identified on layout 

characterization was the presence of several 

pallets on the shop floor, containing the final 

product boxes (around 20 m2 of total floor area). 

However, even when full, most of the time pallets 

were left on the injection unit instead of being 

stored in the warehouse, causing movement 

limitations and blocked paths. 

5 Solutions 

After identifying the potential causes for waste, 

this work proceeded with the development of 

solutions, aiming their elimination. 

 

5.1 Raw material warehouse identification 

system 

 

As diagnosed, identification system wasn´t being 

used mainly because of its degradation. So, using 

the lean tool 5S, a new one was developed. The 

first step was to reunite the warehouse managers 

on a kaizen event to debate how material should 

be stored, and properly identified. It was decided 

that material should be sorted by consumption 

rate, the ones more daily consumed were stored 

on the front corridor of the warehouse near the 

feeding channels of injection machines, and the 

others on the back. Applying 5S,  new plant was 

made, as well as new identification system and 

corridors identification, where each cell was 

named with a letter and a number defining store 

spaces positions. Also, a cleaning scale was 

defined, and a white board was designed with 

important information like material wastes 

registered per month, cleaning scale sheet, and 

arrivals times of the raw material from the 

supplier. After partial implementation of these 

solutions, the material wastes due to mistakes or 

accidents dropped to 150Kg/month. 

 

 

 

 

 

 

 

 

 

Table 3 - Production per weight characterization 
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5.2 Defining a standard procedure for 

setup operations 

 

The diagnosis revealed a big amount of external 

activities conducted during setup, and several 

difficulties performing the internal ones. So, it was 

considered critical the definition of a standard 

procedure. 

To define the procedure, first, the big operations 

classified according to SID tool were assorted as 

internal and external. Then, with all big operations 

partial timed, it was possible to predict an 

expected time for each one, if all the external 

operations were removed, according to solution 1 

of SMED and the causal situations removed from 

time registration according to solution 0 of SMED. 

Figure 3 shows the time reduction estimated with 

these actions. 

 

The most important part of this solution was the 

participation of the operators in procedure 

development. This was accomplished with the 

organization of a Kaizen Event, where everyone 

involved helped in characterization of setup tasks. 

Without telling them what they should do or the 

techniques to do it, the operators were inducted 

to apply SID and organized the dozens of tasks 

they do everyday in big operations defined 

previously with this tool. Then, it was told them to 

choose which tasks might be done with the 

machine still working, again using a tool (SMED), 

without being aware of it. That way, they felt 

motivated and being part of the solutions for the 

problems they felt everyday. After that step, it was 

presented the idea of monitoring the setups and, 

that way, visualize the improvements achieved 

each month. This idea was enthusiastically 

accepted.  

In order to start monitoring the setup, the 

operators were also asked to start recording 

these work times in a table. The final procedures 

were then elaborated, one for external tasks, and 

another to internal ones.  

5.2.1 Setups monitoring 

 

With the goal of ensuring the conduction of 

external activities before the machine stops, and 

aiming SMED’s solution 3, a schedule to prioritize 

setups for the week and a visual alert system 

(Andon) was suggested. Andon is shown in figure 

4, where: 

• Text screen: indicates the machine for 

the next setup; 

• No lights on: more than an hour for the 

next setup; 

• Green light on: one hour for the next 

setup – ideal time to do the external 

tasks procedure; 

• Yellow light on: 30 minutes for the next 

setup - start immediately the external 

tasks procedure; 

• Red light on: 10 minutes for the next 

setup - not enough time to accomplish 

the procedure before the machine stops. 

 

 

Figure 4 - Andon system proposed 

5.2.2 Solutions results – estimates and 

implementation 

 

Although not all the proposed solutions have 

been implemented until the end of the internship, 

it was measured one setup applying the 

procedure developed. 

All the tools and needed equipment were 

collected before the machine stopped, as well as 

the mould, which allowed to verify the impact of 

solution 1, shown in table 4. 

For solution 2, regarding improvement of internal 

tasks, usually an investment is needed, normally 

in fixing devices or water connections. It was 

company´s intent just to focus this work on 

continuous improvement culture and operator’s 

performance. However, a simulation of time 

reduction with implementation of this kind of 

solutions was conducted to realize the impact on 

positioning and assembly operation that was 

diagnosed as critical. In table 5, is shown the 

Figure 3 - SMED's solutions 0 and 1 . Impact 
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impact estimated by the application of solutions 1 

and 2 of SMED on setup 3 (diagnosed) as an 

example.  

 

Table 4 - Implementation results 

 

Table 5 - Estimated impact for solutions 1 and 2 

 

In spite of the setup time reduction for 

implementation (4,5%) being about 5 times lower 

than the estimated reduction (19,4%), it was 

guaranteed the effectiveness of the external tasks 

procedure with total elimination of these 

operations on setup time, and noticing that it was 

the first attempt doing this procedure.  

Later, the company provided registers of setup 

times after full implementation. The results 

obtained are shown in table 6, and although they 

just show total setup time, those times (77 

minutes in average) represent a 36% reduction 

compared to diagnosed setups (120 minutes in 

average). 

 

Table 6 - Setup times register measured by the 
company 

 

 

5.3 New Layout options 

 

From the Kaizen Event made with the managers 

from different areas, 3 suggestions for possible 

layouts were made. With that in mind, and with 

data collected from the diagnosis, the first 

solution presented is the ideal workstation 

concepts (shown in figure 5). Both options reunite 

all needed resources and devices next to the 

injection machine but only the second one has the 

exclusive moulds next to the machine (rectangles 

with the letter M on centre). With the 

implementation of this concept, transports and 

movements are highly reduced. 

 

During the 

development of this work, the three options 

suggested on the Kaizen Event became two, 

containing all the criteria used. 

One of the main characteristics intended was the 

creation of client islands, consisting in putting the 

machines together, as well as support packing 

stations.   

5.3.1 Blue option – maximization of 

production flow 

 

To accomplish this option objective, maximization 

of production flow: the client islands were created 

(identified by red rectangles) and a supply/ 

collection route was designed (mizusumashi), 

identified by the green arrows. Also, the ideal 

workstation concept was replicated all over the 

shop floor on machines identified with the letter 

(P), sided by scales (B) belonging to production 

per weight type. The figure 6 shows the layout 

proposed. 

Figure 5 - Ideal workstation concepts 
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Figure 6 - Blue Layout Option 

From the data collected on diagnosis, the 

mizusumashi route was planned by the different 

production rates. 

The client island improvement gains are shown in 

table 7 for client A (machines 37, 38 and 39), 

where ideal workstation concept was 

implemented. It shows the time percentage 

reduction obtained. 

Table 7 - Client A estimated improvements 

 

The impact of this implementation is highly 

demonstrated by the difference between operator 

availability in diagnosis and implementation: 

𝑜𝑝𝑒𝑟𝑎𝑡𝑜𝑟 𝑎𝑣𝑎𝑖𝑙𝑎𝑏𝑖𝑙𝑖𝑡𝑦

=  100% −  %𝑇𝑟𝑎𝑛𝑠𝑝𝑜𝑟𝑡𝑠 

−  %𝑤𝑒𝑖𝑔ℎ𝑖𝑛𝑔𝑠 

−  %𝐷𝑖𝑠𝑡𝑟𝑎𝑐𝑡𝑖𝑜𝑛𝑠 

𝑫𝒊𝒂𝒈𝒏𝒐𝒔𝒊𝒔 =  100 –  9 –  15 –  5 =  𝟕𝟏% 

𝑰𝒅𝒆𝒂𝒍 𝒘𝒐𝒓𝒌𝒔𝒕𝒂𝒕𝒊𝒐𝒏 =  100 –  1.25 –  6.25 –  0 

=  𝟗𝟐. 𝟓% 

In table 8, for client B, (machines 11 and 13 and 

respective packing stations) is shown the 

advantages of this client islands concept for 

creating a working cell that allows to reduce 

operators needed from 5 to 3 (40%). Also, the 

distance travelled by completed final product 

boxes, from the injection machine to the 

warehouse, and back to packing station, was 

reduced in 99% with this concept shown in figure 

7. 

Table 8 - Client B estimated improvements 

 

  

 

5.3.2 Green option – packing zone 

relocation, and reuse of mechanical 

conveyors 

 

Taking full advantage of the previous option, this 

one focus the analysis on reusing the mechanical 

conveyors left behind with the facilities change, 

for productive lines referenced previously. For 

this reason, the 3 machines of client A were 

moved to the top corridor, since the conveyors 

only have capacity for two different types of 

components, and because with this replacement, 

more opportunities for using the conveyors are 

created with the bottom corridor filled with 

machines of both types of production. 

This option also creates a load reduction on 

mizusumashi tasks, as the components of two 

distinct productions are transported by the 

conveyors to the new packing zone, identified on 

figure 8 by the red square. In the figure is also 

shown the travelled distance reduction with the 

relocation of island A. The green arrows 

represent the travels in the green option, and the 

blue ones in the previous option. This solution 

allows a reduction of 30 meters per mizusumashi 

passage. 

Figure 7 - Client B cell configuration 
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Figure 8 - Green Layout Option 

 

5.3.3 New layout options impact 

 

Knowing that in each shift there are eleven 

operators dedicated exclusively to the collection 

of injected parts and their complementary tasks, 

and three operators for tasks considered indirect, 

such as packing units, rework stations, or other 

supports, table 9 illustrates the improvements 

planned with the implementation of the ideal 

workstation, comparing the number of operators 

currently dedicated to the injection machines with 

the number of operators required, which is 

obtained due to an increase in operator 

availability, applying the proposed solutions. 

Table 9 - Ideal workstation implementation impact 

 

The solutions developed in each of the layout 

proposals presented are in line with Lean logics 

that aim to eliminate waste and increase the 

efficiency of production chains, so it is up to the 

company to choose the solution that best fits its 

objectives. 

6 Conclusions 

After a diagnosis to the injection moulding unit 

and related areas of this company, many wastes 

were identified. For those considered in need of a 

more urgent care, solutions were developed, in 

order to eliminate them. 

However, this work is just the beginning of a long 

walk in continuous improvement chase. The 

principles and tools of Lean philosophy revealed 

being precious in this work.  
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