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Abstract 

This monograph describes the author’s curricular internship in a plastics injection company. The 

internship was based on the author's passage through the Quality department. 

The internship aimed to obtain a deeper knowledge of the Plastics Injection industry, which is very 

relevant in the area of Marinha Grande, as well as the culture, working methods, philosophy and 

theoretical tools applied in real context. 

The internship took place in the quality department, with the, focusing on the management of the 

Quality Wall. His management was carried out dynamically between the department of quality, 

logistics and production, where a harmony between the three departments was necessary.  

Beyond passing through the quality department, during the internship there was also an workshop 

about standard work and line design, where problems and improvement opportunities were 

identified, mainly in the production line 2 of the factory, in which improvements were made at the 

level of workstations and  all his inherent elements, achieving satisfactory results, in terms of 

organization of the workstations itself, cycle time and results in financial terms.  

It was a very productive stage, which allowed to obtain a wide knowledge of various sectors of the 

company, providing a very rich experience in this industrial aspect, enhancing an easy future 

introduction in the labour market. 
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1. Introduction 

This report was developed within the scope of the Internship discipline of Master's Course in 

Engineering and Industrial Management at the Instituto Superior de Engenharia de Coimbra. 

This first chapter describes the department where the author performed his functions as well as the 

improvement that he and his team did in terms of standards implementation and design 

improvement done. 

This chapter begins by framing the internship, presenting the objectives and the methodology that 

was used, as well as the structure of the report and the company presentation. 

 

1.1. Internship background  

The internship corresponds to the homonymous Unit Course of the Master’s Course of Engineering 

and Industrial management of ISEC. 

Since the last century we have been witnessing an intense industrial evolution. In the early 1900s, 

industrial massification emerged, through Henry Ford, founder of the well-known Ford car brand, 

who started producing the Ford T model, a model that became known for later being produced only 

in black. This type of production later came to replace much of artisanal production. With this, 

production lines were created, where products with the same characteristics were produced, thus 

reducing unnecessary tasks, increasing productivity. 

In this way, products started to be sold at a lower cost with quality, thus increasing competitiveness. 

After this industrial impact, with more attractive prices, companies, in order to survive, had to find 

ways to differentiate themselves and distinguish themselves from the others. As a result, the market 

has become increasingly difficult and many companies have difficulty surviving, either because they 

are unable to compete at the price level or because they do not adapt to the needs of consumers, 

not innovating and continuously improving. 

It was this good pressure that made the author want to be part of the Megatech Industries Marinha 

Grande team, which with a culture of wanting and always looking to evolve and with the courage to 

face new challenges. The internship was spent in the quality department and collaborated with all 

the others, thus allowing good coordination. 

 

1.2. Objectives and Methodology 

The objective of the internship is to insert the finalist student in the business environment through 

professional activities within the ambit of the Master’s Course, having as deliverable a report that 

will be publicly discussed. 

The methodology was based on the quality and management standards that Megatech Industries has 

adopted as well aiming the best solutions to answer daily problems, supporting decisions and avoid 

further occurrences. 
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1.3. Megatech Industries Group 

This subchapter talks about Megatech Industries Group, an automotive group that his activity is 

plastic injection, more precisely at Marinha Grande's plant, where the author did the internship 

 

1.3.1.  History 

The Megatech Industries Group is an automotive industry group being its main activity the plastic 

injection, with more than 250 injection machines with a maximum capacity of 2300 tons of clamping 

force. Megatech has numerous production technologies: 

 Convection injection; 

 Two to three injection components; 

 Gas injection; 

 Low pressure injection; 

 Lamination; 

 Assembling (application of glue, welding); 

 Painting and laser marking; 

 Cutting (manual, laser, water jet, leather cutting and sewing); 

 Others. 

In 1889 the Redlhammer Brothers set up a factory in Jablonec, starting to produce porcelain and 

glass buttons. 

Along these years the group has grew with the acquisition of factories, especially in Europe and 

turned to the plastic injection activity. In 2009 it has been named as Megatech Industries. In the 

same year it opened the first sells office in Germany and France and acquired the Plastkov Group of 

Czech Republic. 

2011 was the year that Fatraplás in Portugal was acquired, actually known as Megatech Industries 

Marinha Grande (MIM). Also, in 2011 it was funded Megatech Industries India. 

Two years later, the second sale office in Germany was opened.  

In 2016 the group opens Megatech Industries Brno (MIB) and acquires Toyota Boshoku's European 

Non-Toyota-Interior Business with five factories, three in Germany, one in Poland and one in the 

Czech Republic. 

Today, Megatech Industries Group is located in nine countries: Germany; Austria; Brazil; Spain; 

France; Liechtenstein; Poland; Portugal; and Czech Republic. 

In Iberian Peninsula the group is represented by MIM; in Portugal and in Spain it has factories in 

Amurrio (MIA) and Orense (MIO) and one technical center in Amorebieta-Etxano (MEBO). 

Beyond MEBO, the group has four more technical centers that does: 

 Product development; 

 Software management; 

 Dynamic and static simulations; 

 Computer-Aided Design (CAD); 

 Construction / design of products and tools; 

 Others. 
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The next figure shows some relevant information about the year 2019. 

 

FIGURE 1.1  -  MEGATECH INDUSTRIES GROUP 2019  OVERVIEW  

 

 

1.3.2.  Megatech Industries Identity  

Megatech stands for state-of-the-art technology, high-quality products and passionate experts and 

work closely with the automobile manufacturers on perfect technical solutions. 

The goal is a continuous growth, to continue to become better, more professional and more 

successful in the future. 
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FIGURE 1.2  -  MEGATECH INDUSTRIES CORE VALUES  

 

 

1.3.3.  Megatech Industries Marinha Grande  

Megatech Industries Marinha Grande is the only factory in Portugal, located at Moita, Marinha 

Grande and has a great road access (Figure 1.3). 

 

FIGURE 1.3  -  MEGATECH INDUSTRIES MARINHA GRANDE LOCATION  
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FIGURE 1.4  -  MEGATECH INDUSTRIES MARINHA GRANDE'S PLANT 

 

Before the acquisition of Megatech Industries Marinha Grande (Figure 1.4), the factory was known as 

Fatraplás, founded in 1979. His main activity was also plastic injection, and, initially, produced boxes 

for batteries; 1987 was the beast year with the production of remote controllers for Philips. In the 

beginning of 2001, Fatraplás started working for automotive industry, for its first customer Valeo 

and, further, in 2006, with the customer Faurecia.  

In 2011, Fatraplás was acquired by the Megatech Group. The company remains in automotive 

industry and still working with Valeo and Faurecia, and expanded the production of previous 

solutions in 2012 with the new customer Plastic Omnium. In 2013 it started working with PSA Group 

and, further, in 2015, with Renault. 

With an increasing demand, in 2016 the factory has built a new production line, with an expansion of 

three thousand square meters and acquisition of more injection machines, with an extra capacity of 

clamping force. This expansion allowed to start a new project with Volkswagen Group, in 2017, and, 

in 2018, other new project with PSA Group. 

In 2020, another new project will be started by the customer PSA, with a new similar expansion as 

was in 2016, with a new maximum clamping force machine of 2300 tons. 

Today, the company has 28 injection machines, with a clamping force between 50 tons to 1700 tons. 

Megatech in Marinha Grande has the following production technologies: 

 Conventional and gas injection; 

 Laser marking; 

 Two injection components (bimaterial) in one 350 tons and another 1000 tons injection 

machines; 

 Automatic assembly of components. 
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1.3.4.  Organizat ional  structure  

Nowadays (2019), Megatech Industries Marinha Grande has 113 employees and has eight 

departments: 

 Controlling; 

 Human Resources; 

 Production; 

 Maintenance; 

 Quality; 

 Logistic; 

 Methods; 

 Projects. 

 

 

FIGURE 1.5  -  MEGATECH INDUSTRIES MARINHA GRANDE PLANT ORGANIZATION  

 

The company in Marinha Grande is managed by a plant director who answers to a person in charge 

of the plants in the Iberian Peninsula, given that it is a very large organization, there are several 

hierarchical levels. 

It is also visible in this organization chart that there is a financial officer from MIPI (designation for 

the group of factories located in the Iberian Peninsula), in addition to the financial officer of MIM. 

Because of this structure it is possible to conclude that there is a very strict management by the 

organization to ensure that the objectives are properly accomplished. 
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1.3.5.  Analysis of  the processes  

The company has a 24 hours’ production, starting at 9 p.m. of Sunday to 9 p.m. of Friday, with three 

eight hours shifts. Megatech in Marinha Grande has 28 injection machines, all operational, where the 

assembly of small components, when necessary, are done in the respective machine that injects the 

part. There are also two areas where it is doing the quality control. 

 

FIGURE 1.6  -  MEGATECH INDUSTRIES MARINHA GRANDE LAYOUT  

 

The factory has two production lines, "Nave 1" and "Nave 2", having the first one the older machines 

with a clamping force between 50 tons to 660 tons. "Nave 2" has injection machines with a clamping 

force between 250 tons to 1700 tons (Figure 1.6). 

Figure 1.7 shows the material flow in the production process, since raw material reception to 

expedition.  
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FIGURE 1.7  -  FLOWCHART OF MATERIALS'  FLOW BETWEEN PROCESSES  

 

 

1.3.6.  Quality Department  

This chapter describes the department where the author did the internship. 

During the time spent in the company, it was possible to understand how the quality department 

works in terms of information flow and response to situations, as well as its entire organization. 

This department has a hierarchal organization that is presented in the Table 1.1, in descending order 

of hierarchy. 
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TABLE 1.1  -  ORGANIZATION AND HIERARCHY OF QUALITY DEPARTMENT  

Function Hierarchy 

Quality Manager 1 

Quality and methods technician 2 

Quality control 3 

Metrology technician 3 

Trainer 3 

 

Quality department has every day at 9:15 a.m. a meeting, where the team discuss the daily quality 

problems, analyze indicators and show new ideas. (Figure 1.8) 

 

FIGURE 1.8   -  EAP  QUALITY DEPARTMENT  
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1.3.6.1.  Quality Wall management  

Quality wall is an area where it is doing some type of parts inspection. The quality wall is necessary in 

case of internal and external quality problems and when new projects are launched. The 

management of the Quality Wall should be done with a connection among Quality department, 

Production department and Logistic department.  

The quality wall may work during the three shifts, depending of the amount of parts that must be 

inspected (Figure 1.9). 

There are some rules to respect during the inspection (Annex I): 

 The operator just inspects one reference at the time; 

 There is a work flow that must be respected; 

 The quality wall doesn’t do rework; 

 If some part need some type of rework, it should be done by another person and, further, 

the part is again inspected by the quality wall operator; 

 The parts that are ok must have a green label. 

 

FIGURE 1.9  -  MEGATECH MARINHA GRANDE'S QUALITY WALL 

 

The quality wall operator must respect the 5S standards (Annex III) and keep the work station 

organized and cleaned. 

Figure 1.10 shows the quality wall management steps that must be taken into account when a quality 

problem happens. 
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FIGURE 1.10  -  QUALITY WALL MANAGEMENT STEPS  

 

The inspection orders list (Annex I) should be updated at least one time per day, or more if 

necessary. It is sent an email to the warehouse with the list of the parts that should be provided to 

the Quality Wall. 

Quality Wall (QW) operators should follow the inspection list priorities, according to the daily loads, 

and record the quantity that was inspected, the quantity of ok and not ok parts, the batch, inspection 

time and date of inspection. All the parts that were inspected should have a green tag with the QW 

operator number and date, on the product label. All the documentation (quality alert, quality control 

instructions, packaging instructions) related to the part that is being inspected should be at the 

workstation and be consulted and the standards respected. After the inspection, the QW operator 

should revise the pallet with a RFID portable device, according to a work instruction (Annex II) and, 

then, with a hand pallet truck, putting the pallet in the entry warehouse area. 
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1.4. Structure of the Report  

The report is organized in four chapters, whose includes the following sections and subsections: 

 The first chapter is about the introduction, where is presented the subject background, the 

objectives to reach, the methodology adopted, the organization of the report as well the 

company group and the factory where the internship was developed and describes the 

quality department, where the author performed his functions and the quality wall, where is 

done the inspection of suspected parts; 

 In the second chapter, it is presented the state of art, in the academic and business way, 

about the internship theme, beginning with the concept of quality and its importance, the 

quality wall meaning, ending with the Lean philosophy; 

 The third chapter is about the improvements done, like standardization of the process, 

border line changes, visual management implementation and machine's cycle time 

reduction; it is also about to show the impact of this improvements, in terms of costs.  

 The last chapter, in the fourth, are presented final conclusions about the internship and 

future objectives to pursue in the company. 
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2. State of art 

This chapter aims the introduction of the concepts used in this report, which is based on the Quality 

subject; so, it is necessary to define quality, its evolution since the early 1900's until these days and 

the problems and procedures to avoid and react them. Beyond this, they are defined some concepts 

about Lean philosophy, as the seven types of waste (mudas). 

  

2.1. Quality concept and its importance  

On the way to be a successful company, the Quality concept plays a very important role. In order to 

satisfy the customers, the products and services they purchase must be as they expect. As said 

before, it is very important to identify what are the product requirements for the customers; based 

on this, companies can answer easily and have a better quality management. 

In industry, quality means best for satisfying certain customer conditions (Feigenbaum, 1991). 

Feigenbaum also say that Important among these customer conditions are (1) the actual end use and 

(2) the selling price of the product or service. In turn, these two conditions are reflected in 10 

additional product and service conditions: 

1. The specification of dimensions and operating characteristics; 

2. The life and reliability objectives; 

3. The safety requirements; 

4. The relevant standards; 

5. The engineering, manufacturing, and quality costs; 

6. The production conditions under which the article is manufactured; 

7. The field installation and maintenance and service objectives; 

8. The energy-utilization and material conservation factors; 

9. The environmental and other "side" effects considerations; 

10. The cost of customer operation and use and product service. 

So, the concept of quality depends on what the customers expect and satisfy them. For example, a 

punch-press manufacturer in upstate New York was faced with two alternatives in the manufacture of 

a 4-inch washer. On the one hand, the company might use a stock die and standard materials to 

produce a washer that would sell for 1/4 cent but whose quality could not be guaranteed for any 

conditions of excessive load or temperature. On the other hand, the company might purchase a 

special die and special materials to produce a washer which would sell for 2 cents and which could be 

guaranteed for high-load and elevated-temperature conditions. 

The customer for the washers, who was contacted by the manufacturer's sales department, had an 

application where load and temperature conditions were of no consequence but where price was very 

important. The manufacturer's decision, therefore, was in favour of the 1/4-cent washer, made from 

standard materials, which became the company's "quality" product and whose requirements were 

reflected back into the product conditions for the factory. (Feigenbaum, 1991) 

After defining the product requirements, raw materials/components and all the conditions 

associated, the next stage is the production. In order to guarantee satisfactory results is necessary to 

control the production. For that, quality control (Q.C.) plays a fundamental role. Q.C. is defined as a 

process for delegating responsibility and authority for a management activity while retaining the 
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means of assuring satisfactory results. (Feigenbaum, 1991). According to this author, usually there 

are four steps in such control: 

1. Setting standards - Determining the required cost-quality, performance-quality, safety-

quality, and reliability-quality standards for the product; 

2. Appraising conformance - Comparing the conformance of the manufactured product, or the 

offered service, to these standards; 

3. Acting when necessary - Correcting problems and their causes throughout the full range of 

those marketing, design, engineering, production, and maintenance factors which influence 

user satisfaction; 

4. Planning for improvements - Developing a continuing effort to improve the cost, 

performance, safety, and reliability standards. 

 

2.1.1.  Evolution of  Quality Control  

Quality control was not always as we know; in the last century it has evolved a lot with the intensive 

industrial development. According to Feigenbaum (1991) we had: 

In the nineteenth century, quality control was based on the inherent manufacturing job; the operator 

was responsible for the manufacture of the entire product, having total control of the work - 

operator quality control. 

In early 1900s starts the large-scale modern factory concept. At that time, the quality responsibility 

has changed; if in the century before each operator had self-control and were grouped by similar 

tasks, being directed by a foreman who assumed the responsibility for the quality of their work - 

foreman quality control. 

During the World War I, the manufacturing turned out a more complex system, from a small group of 

workers to a large group whose were leaded by a foreman. Based on that, the foreman could answer 

every problem and, then, the first full-time inspectors appeared, what was called inspection quality 

control. This step peaked in the large inspection organizations in the 1920s and 1930s, big enough to 

be headed by superintendents. 

Until the World War II, this type of quality control remained; with the mass production requirements 

of WWII, it was necessary to take another step in terms of quality control - statistical quality control. 

The difference between the previous program was basically because the inspectors were provided 

with a few statistical tools, such as sampling and control charts. With the analysis of this data, the big 

inspections organizations became more efficient. 

Small changes on the development of the technical and statistical ideas slowed down the quality-

control growth. Due to some decisions based on the recommendations resulting from the statistical 

techniques were not easy to handle, it was necessary to step up the level the decision making, so it 

comes up the total quality control. This fifth step appeared when companies began to develop a 

specific decision-making and operating framework for product quality, which was so effective to have 

a suitable action on the quality-control findings, as well as to permit the companies to obtain genuine 

results in a better quality and lower costs. With these changes were possible to review designs 

regularly rather than occasionally, to analyze in-process results and take control action at the 

manufacturing or the supplier source, and, finally, to stop production when necessary. Furthermore, 

it provided the structure into which the early statistical quality-control tools could, later, to be joined 

through many additional techniques of metrology, reliability, quality information equipment, quality 
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motivation, and numerous other techniques now associated with the field of modern quality control 

and, also, with overall quality functional framework of the business. 

This impact of total quality control on management and engineering practices has provided 

foundation for the evolution in the decade of the 1980s and, beyond of total quality control 

organization wide, total quality management, and quality as major new business strategy. Quality 

became as a primary business strategy; so, companies started to be focused on customer-satisfaction 

quality and cost which brought companies to be profitable. So, with this progress and all the 

commitment with the engineering, production, and sales, all areas of the companies had positive 

impact. Figure 2.1 shows this progress, chronologically. 

 

FIGURE 2.1-  QUALITY CONTROL HISTORICAL EVOLUTION (SOURCE: TOTAL QUALITY CONTROL) 

 

2.1.2.  Total Quality and Certif ication  

A company starts its business aiming to satisfy some customers' needs. The meaning of quality is the 

success key with their customers; it is what make companies run and to contribute for the society. 

We can say that the quality is a social function of the company (Pires, 2016). 

It is very important to identify the customers' needs, but not enough. It is necessary that every 

person on the company is committed with the quality, regardless the department. The quality total 

should be believed by everybody and be part of the product cycle, since the design to the final 

customer. For that it is necessary to create a culture that allow and promote it. 

The total quality can be understood as company's culture that allows to provide services and 

products able to satisfy the necessities and expectations of the customers, (Pires, 2016). 

It is necessary to define the policy and goals, responsibilities, communication channels and follow-up 

actions as an essential base of relationship rules. This means changes on work mechanisms and 

problems resolution, carrying out the creation of multidisciplinary workgroups and development of 

the interpersonal relationship. 

A company with total quality culture has five main principles (Pires, 2016) - Figure 2.2: 

1. Top management commitment; 
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2. Customer satisfaction goals; 

3. Continuous improvement; 

4. Quality as a problem for everyone; 

5. Quality economical results management. 

This is according to the objectives referred in the Guide of the Quality Management, of the 

International Organization for Standardization (ISO) - ISO 9000. 

First of all, it is necessary to distinguish two groups of the standard: 

1. NP EN ISO 9001 - Establishes the requirements that can be used as contractual document. It 

certificates; 

2. NP EN ISO 9004 - Establishes the guides for a development of the quality systems. 

So, the ISO 9000 has the next quality management principles: 

 Client focus; 

 Leadership; 

 People's involvement; 

 Approach by process; 

 Improvement; 

 Decision making based on evidences; 

 Relationship management. 

The benefits of a total quality culture are: 

 Customer satisfaction; 

 Continuous improvement; 

 Elimination of waste; 

 Internal customer satisfaction; 

 Effective communication; 

 Positive attitudes. 
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FIGURE 2.2  -  TOTAL QUALITY MANAGEMENT 

 

Beyond ISO 9000, there are specific standards for sectors and customers based on it. For example, in 

the automotive sector, the International Automotive Task Force certifies with IATF 16949:2016. For 

the German automotive manufacturers and their providers, it is required certification on the VDA 6.x 

standard. This one is according with the IATF 16949:2016 (Figure 2.3). 

 

 

FIGURE 2.3  -   QUALITY STANDARDS CERTIFICATION  

     

 

2.1.3.  Quality problems 

A good quality control is involved directly or indirectly with all the departments, increasing the 

company's income. So, an effective control is a must for a successful management. 
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From the preparation of the raw material to the final product (assuming that the R&D process was 

done successfully) it is important to minimize and detect errors earlier as possible. The further an 

error is detected the more expensive is the cost (Figure 2.4). 

 

 

 

 

Along this diagram, we can identify typical errors based on the quality of the product that contribute 

for a bad company performance. 

 Raw material reception - One of the problems that can occur is the damage on the package, 

if it is not notified the raw material can be contaminated. 

 Preparation of the raw material - When we talk about preparation of the raw material, in 

case of plastic material, there are some types that need to dry before the injection process, 

mainly, in parts that has good aspect as requirement. In case of the material don't be 

absolutely dry, it may cause defects in the parts like burn marks and bubbles. It occurs 

because the material has humidity and happens a chemical reaction between the H2O 

molecules and the polymer chain by hydrolysis degrading the plastic. In order to avoid this 

errors, when the preparation of certain material is done, the technical data sheet of each 

material must have the time and temperatures of drying, which should be checked. 

 Production - The production starts when the part is validated by quality control. The part 

must match with the requisites (dimensional, aspect and other technical) that are 

established by the project. If one the parameters are not ok, that value reflects a cause that 

must be detected and solved. For example, in case of the weight be lower than the 

reference, one of the causes may be the wrong material. So, the earlier it is detected, less 

not ok parts will be produced, then the cost will be lower and vice-versa. The production is 

the core of an industrial company; therefore, it is important to have less errors and use the 

capacity to produce good products. 

 Final product storage - When the production is finished, the products are stored in the 

warehouse. The products should be packed correctly in a container that is resistant to 

weather conditions and do not be damaged easily. If the warehouse has humidity, in the case 

of carton boxes, and if these are not resistant enough, they may crumble and the products 

be damaged. Another point, is how the containers or the pallets are stack. The height limit is 

very important in these situations because of the self-security of the operators, the balance 

of the stack and the weight that is holding out. 

 Shipping - The transport of the goods can be responsibility from the provider or the 

customer. The problems that can occur are the late load scheduling and delivery, damaged 

package or accidents. 

 Customer - When some problem happens on the costumer, it may imply high costs, 

especially when stops the production, force rework of the parts during production or out of 

 

 

 

COSTS 
FIGURE 1  - QUALITY COSTS 

FIGURE 2.4  -  QUALITY COSTS PROGRESSION 
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production (or in the final product). These problems can be avoided if, in the stages before, 

every problem was detected and solved. 

 Final customer – The problems at the final customer are very serious, namely when they are 

in serial productions. We can relate few type of problems: early product degradation; 

technical problems; environment laws; etc. 

 

2.1.4.  Quality Wall  

When a problem occurs, the first thing to do is to take containment actions. For example, if the 

customer detects in his production line a plastic part with an injection defect, he reports to his 

provider and both take containment actions, sorting in the customer line and sorting all the parts 

that are in the provider's storage. The specific area that is doing the sorting is called Quality Wall. 

The Quality Wall is used to inspect parts due to several reasons like: 

1. Part's Development Phase (new projects); 

2. Internal production problem; 

3. Process problems; 

4. New operators that are in formation; 

5. Final products with the package damaged. 

6. Problem at customer; 

Figure 2.5 shows the difference between normal production and production with Quality Wall. 



Politécnico de Coimbra | Instituto Superior de Engenharia de Coimbra 

___________________________________________________________________________ 

38 
 

 

FIGURE 2.5  -  NORMAL PRODUCTION VS PRODUCTION WITH QUALITY WALL (SOURCE:  INTERNAL DOCUMENT) 

 

Although problems/errors may occur during production, when the parts are inspected the quality 

wall operators must detect that errors; so, aiming to minimize the human error in Quality Wall, the 

process should be well defined. 

The work flow well defined, good inspection work instructions to ensure standardization, examples 

of OK and NOK parts, customer and internal quality alerts, green labels for the inspected parts, a 

well-defined work-order and document evidence of the work execution are good elements for an 

effective quality wall management (Figure 2.6). 
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FIGURE 2.6  -  QUALITY WALL LAYOUT  

 

 

The next section talks about the next step to take after the containment actions, and the procedures 

to take when a problem occurs. 

 

2.1.5.  Quality problems reactive procedures  

It's normal to occur problems, especially if the parts are new. All of us should learn with that and 

replicate solutions for other potential cases. 

Every problem has one or more causes that should be identified, existing some tools that can be 

used; one of them is the Ishikawa Diagram, usually also called fishbone diagram or cause-and-effect 

diagram. 

The Ishikawa Diagram was created by Kaoru Ishikawa during the 1960s and it shows the causes of a 

specific event. 

Once identified the problem, there are some categories of causes that are used for the problem 

(Figure 2.7): 

 Method; 

 Machine; 

 Man; 

 Materials; 

 Measurement; 

 Mother Nature; 

 Management. 
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The next step is to ask "Why does this happen?", associated to the respective category (can be one or 

more for each "why"). Then ask again "Why does this happen?" and write the sub-causes branching 

off the causes. Continue to ask “Why?” and generate deeper levels of causes. When the group runs 

out of ideas, focus attention to places on the chart where ideas are few (Figure 2.8). 

 

FIGURE 2.7  -  ISHIKAWA DIAGRAM  

 

The Ishikawa diagram can be followed by an action plan that has improvement actions, and the 

responsible that will implement them. These actions should be monitored with Deming cycle, known 

as PDCA (Plan-Do-Check-Act) that have the objective to eliminate or reduce the cause effect. 

When the action plan is closed, it is a good idea to have a record of the lessons learned and replicate 

that for further situations. 

 

 

FIGURE 2.8  -  PROCEDURES OF THE QUALITY PROBLEMS  

 

 

PROBLEM

MOTHER NATURE MACHINE MEN 

METHOD MATERIALMANAGEMENT

MEASUREMENT
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2.1.6.  How to avoid the Quality Wall?  

A profitable company wants profit, that's the reality. For that the earnings should be superior than 

the costs. With that, every situation that provides unnecessary cost shall be avoided.   

The truth is that, Quality Wall is an extra cost, but it is an utopia to remove it. There are situations 

where it is not necessary to use it, as in pre-series parts or other situation like in the formation of 

new operators; this last situation may have a lesser impact. 

So, as said before in section 2.1.4., there are some situations in which Quality Wall should be used 

(Figure 2.12): 

1. Part's Develop Phase - This is a required situation from the client. During the project 

development and in the initial batches of production, every part must be inspected until in 

three batches in a row that has no problems detected. This is a fundamental phase to 

correct mould/product development, process and package problems. 

2. Production problem - The production problems sources can be from mould or during the 

plastic injection process. For a good mould performance is necessary to do preventive 

maintenance (Figure 2.9). So, a good preventive maintenance plan is necessary to avoid 

further problems that were not planned. Maintenance is fundamental to minimize problems 

and especially in a strategically way, to avoid reactive actions. So, when a mould has some 

unexpected problem, for example need to polish, it is included in the non planned 

Maintenance (Figure 2.10). During the injection process, it is usual to happen some quality 

problems on the produced parts, like burrs, unfulfilled, burn marks, vacuum voids, etc. The 

operator should alert the quality control operator when some quality problem appears and 

the shift leader will solve it, if it is possible. 

 

FIGURE 2.9  -  ANNUAL MOULD MAINTENANCE PLAN 
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FIGURE 2.10  -  MOULD WORK MANAGEMENT  

 

3. Process problems - As said before, process problems can trigger off further problems and, 

consequently, expensive costs. So, during work, every possibility of error from the operator 

should be eliminated. It is necessary to respect 5S philosophy, do the work standardization 

and eliminate the unnecessary. Other problem is when are parts that need an assembly 

machine and that machine is not working or with problems; when that happens the 

operator do manual assembly (i.e. Poke-Yoke) and it is necessary an afterwards inspection. 

Maintenance has an important role when we talk about equipments. To support the 

maintenance planning (Figure 2.11), the methodology of FMEA can predict some problems 

and trace preventive maintenance plans. Thus, when preparing preventive maintenance 

plans, the FMEA will serve as the basis for solving possible problems / failures in the 

equipment, managing to combine maintenance with good asset management. 
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FIGURE 2.11  -  ANNUAL EQUIPMENTS MAINTENANCE PLAN 

 

4. New operators that are in training - No one has a lifetime job; one day it will end; then, new 

people come in and need the right training. The big problems are with people. In order to 

have a solid company, it is important to have stability among the different departments. So, 

when we talk about quality problems, the high operator turnover is not good for that. To 

solve this, the goods should be "grabbed" and "less good" should be dismissed if possible. 

5. Final products with the package damaged - During the product handling at the warehouse 

incidents may happen. The reasons for that are distraction, inexperienced operator or 

others. Immediately, after the incident occurrence, the quality control should be alerted and 

the product should be identified with a red tape, and, further, be inspected. 

6. Problem at customer - Problem at costumer means that quality control has failed (apart 

from when it is a problem occurred during the transport). The reasons this happen are: 

unstable productions; non-detected wrong material changes and/or contamination; non-

detected process problems; operators with lack of formation; and new problems that were 

not identified previously. 
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FIGURE 2.12  -  HOW TO REDUCE QUALITY WALL COSTS  

 

2.2. Lean Thinking, Waste and Standard Work  

Standardization guides us to the Lean Thinking philosophy, which has as objective people, process 

and systems development, with the purpose of the reduction or elimination of the waste across the 

organization and added value to all stakeholders (Pinto, 2014). 

Waste corresponds to all activities that are done and don't add value. These activities have the name 

of "muda" because they consume resources and time. So, it is an extra cost that increase the price of 

the products and services. According to Taiichi Ohno there are seven waste categories: excess of 

production; waiting time; transport and movements; waste of the self process; inventory; defects; 

unnecessary work (Figure 2.13). 

 

 

 

 

 

Part's Develop Phase 

•Good I&D mould 

•Robust Process 

•Right Package choice 

•Process well defined 
Production problems 

•Stable productions 

•Good preparation of the raw material 

•Respect of the process 

•Good operators 

•Preventive machines and equipments maintenance 

•Preventive mould maintenance 
Process problems 

•5S philosophy 

•Standardization 

•Eliminate waste 

•Preventive maintenance of assembly/detection equipments 
New operators in formation 

•Reduce hiring rotation 

•Hold the good workers 

Final products with the package damage 

•Height pill restrictions 

•5S philosphy 

•Respect the standards 

Problem at customer 

•Good Quality Control 

•Good detection of problems 
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FIGURE 2.13  -  SEVEN WASTE CATEGORIES  

 

These types of waste should be aware of everyone in the organizations.  

1. Excess of production - This waste happens when is produced more than the necessary, when 

is not necessary. It is the opposite of Just in Time. Long production batches and production 

anticipation with the expectation of sale may causes waste. 

2. Waiting time - It refers to the waiting time of an equipment or a person. Layout problems 

imply delays or problems, as well as wrong production planning are examples of causes of 

this type of waste.   

3. Transport and movements - Transport is any movement or transference of raw material, 

semi-finished-goods or final product from a place to other one for some reason, (Pinto, 

2016). During the transport may occur incidents that damage the products; so, to reduce the 

transport and movements it is necessary to refine layouts, change the operation planning 

and use transport systems more flexible. 

4. Waste of the self process - In this point, all the operations and processes that are not 

necessary are waste. Lack of formation and/or standardization, increasing number of defects 

are causes of wrong and waste processes (Pinto, 2016). 

5. Inventory - In the modern times, inventory is considered stopped money. It takes up space, 

increase the probability of damaged goods and incidents. A way to find waste is to look for 

where tend to exist inventory. 

6. Defects - A product with quality is the one "with conformity with the specifications" (Crosby, 

1979). So, if there are any product that don't respect the customer specifications it has a 
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defect. It represents an extra cost, especially because of sorting and/or rework. Human 

errors cause defects. When they occur customers complain which increase the inspection 

and, consequently, the inventory (it is a snowball effect). 

7. Unnecessary work - Operators movements that are not really necessary to execute the 

operation. Some causes are: incorrect workstation layout, lack of formation, non-motivated 

operators and isolated operations. 

Standard work means that everyone do the same work with the same operation, in the same 

sequence and with the same tools. 

The advantages are: increasing of the process predictability; reduction of deviations; and lower costs. 

Standard processes contribute to a continuous improvement (Pinto, 2014).  

The Standard work has three basic elements: 

 Cycle time - The required time to finish each productions stage;  

 Production sequence - The best sequence of operation that accomplish a task;  

 Work in progress (WIP) level – The maximum inventory that flows throughout the multiple 

operations, when the process occur without variability. 
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3. Standard Work and Line Design Workshop 

During the internship the author participated in Kaizen's workshop, Standard Work and Line Design. 

The workshop had a leader and a respective team, as Table 3.1 shows. 

 

TABLE 3.1  -  STANDARD WORK AND L INE DESIGN TEAM  

Workshop Leader Team 

Quality Manager 
Francisco Penas (Author) 

Trainer 

 Engineer of Methods and Process 

 
Methods Technician 

Chief and quality control of the shifts 

 

The initial actions were about auditing the present level of the situation, like the piloting injection 

machines, the cycle time of each part and the Overall Equipment Effectiveness (OEE). 

During the workshop they were established some goals with the support of A3 tool. Figure 3.1 shows 

an example of an A3 sheet, with its phases. 

 

FIGURE 3.1  -  A3  SHEET 
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Standard work and line design workshop had the support of ideas from all the team members and 

too from the production operators thought out the PPDCA (Figure 3.2). 

PPDCA, proposal, plan, do, control and act, is based with the operators' ideas. Every time an operator 

has a new idea, it is recorded and further analysed by the department managers. This ideas can be to 

improve workstation and process, to have better work conditions or any benefit to the company and 

the operator's work. With this PPDCA, everyone is integrated and can do his own contribute to a 

continuous improvement. 

 

FIGURE 3.2  -  PPDCA 

 

The ideas from PPDCA that could be applied in this workshop were analysed and had the possibility 

to be implemented. 

 

The Overall performance is measured through the KPI expressed by Equation (1), which represents 

the impact of the actions that were taken. 

           

               
         (1) 

 

3.1. Machine 351 

Along the year, this machine produces the same type of part, same mould, "A", but with two 

versions: The version that has more occupation, 85%, produces the reference "A1"; The other 

version, with 15% occupation, the reference is the "A2". Both versions produce left and right side 

parts.  

In machine 351 there were made some improvements: 

 Workstation improvements; 

 Modification of the component (2 mm internal diameter wider - Figure 3.5); 
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 Reduction of the machine's cycle time with quality assured. 

 

3.1.1.  Workstat ion improvements  

In the initial state they were identified some improvements opportunities. The operator had to 

perform a lot of movements, had to self-supply and the workstation had a lack of visual management 

(Figure 3.3). 

 

FIGURE 3.3  -  MACHINE 351'S WORKSTATION BEFORE  

 

As Figure 3.4 shows, there were made some changes: Logistics supplies all components; the layout 

had some adjustments to reduce movements; it was implemented a visual management approach. 

   

 

FIGURE 3.4  -  MACHINE 351'S WORKSTATION AFTER  
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3.1.2.  Component modificat ion  

In the assembly operation of some components, the operator had some difficulty, apart from the 

stress that it causes, the losing time was a problem. So, the solution that the team found was the 

modification of the component, increasing the internal perimeter, 2 mm wider (Figure 3.5). 

 

 

FIGURE 3.5  -  COMPONENT MODIFICATION 

 

This modification allowed the operation to be easier than operation with the previous diameter, 

which improved the time of assembly. 

 

3.1.3.  Machine's cycle t ime 

With all the improvements that were made, it was possible to reduce the cycle time of the machine, 

with the quality of the part assured. That impact represents 13% reduction in the cycle time (Figure 

3.6). 
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FIGURE 3.6  -  MACHINE 351'S CYCLE TIME REDUCTION 

 

3.2. Machine 1001 

In machine 1001 they are produced two distinct moulds, the "B", and the mould "C"; both have two 

cavities, at right and left side. Their occupation is different, 34% for the "B" and 66% with the mould 

"C". 

As in the machine 351, there were identified some improvement opportunities in both references: 

 Workstation improvements; 

 Reduction of the machine's cycle time with quality assured; 

 The operator has to take burrs. 

 

3.2.1.  Mould "B" 

There were some problems: the operator had to perform a lot of movements, had to self-supply the 

workstation, and had a lack of visual management. Figure 3.7 shows some improvements that were 

made. 
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FIGURE 3.7  -  BEFORE AND AFTER -  REF.  "B" 

 

Initially, the components' supply was made directly from the boxes; then, it was designed a rack and 

the components started to be supplied by logistics. 

In relation of the machine's cycle time it was possible to reduce just two seconds, from 72 to 70 

seconds, due to quality assurance. This reduction represents about 3% reduction (Figure 3.8). 

 

FIGURE 3.8  -  MACHINE 1001'S CYCLE TIME REDUCTION -  MOULD "B" 

 

3.2.2.  Mould "C" 

In the production with this mould, they were identified some problems: 
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• Operator waits for co-worker to activate poke-yoke (he has to activate the two parts 

simultaneously); 

• Operator has to take burrs; 

• Operator spends a lot of time opening bags; 

• Lack of Standard Work; 

• Lack of Visual Management. 

There were found some solutions like the adjustment of the layout, poke-yoke separation (one per 

part), best standard and visual management implementation (Figures 3.9 and 3.10). 

 

FIGURE 3.9  -  BEFORE -  REFERENCE "C" 

 

FIGURE 3.10  -  AFTER -  REFERENCE "C" 
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This changes allowed the reduction of the machine's cycle time in 10% ensuring the product quality 

(Figure 3.11). 

 

 

FIGURE 3.11  -  MACHINE 1001'S CYCLE TIME REDUCTION -  MOULD  "C" 

 

3.3. Machine 1002 

The mould "D" is entirely dedicated to machine 1002, that has an OEE=100%. 

Like in other machines, they were identified similar problems, like lack of standard work and lack of 

visual management.  

In the machine 1002 they were made some improvements: 

 Border of line adjustment to the operation; 

 Reduction of the machine's cycle time with quality assured. 

 

3.3.1.  Border of  l ine adjustment to the operation  

The problem of the border line was not adjusted to the operation because the operator had 

difficulties in his own supply. So, the boxes with components were improved and was added a holder 

for the bags, making easier the supply movements (Figures 3.12 and 3.13). 
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FIGURE 3.12  -  MACHINE 1002'S BORDER OF LINE -  BEFORE  

 

 

FIGURE 3.13  -  MACHINE 1002'S BORDER OF LINE -  AFTER  

 

3.3.2.  Machine's cycle t ime 

With a new bottleneck found, it was necessary to reduce the machine’s cycle time. The machine's 

cycle time was reduced, first, from 86 to 78 seconds, but the conclusions were that it wasn't possible, 

because the part did not have the quality requisites assured, for problems related with 

temperatures. After some tests, it was found a new cycle time of 80 seconds. Based on this, it was 
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possible to assure the part's quality. It was a good reduction, which is an interesting reduction of 6 

seconds (Figure 3.14). 

 

 

FIGURE 3.14  -  MACHINE 1002'S CYCLE TIME REDUCTION 

 

3.4. Machine 1003 

In this machine there are produced parts from two distinct moulds: "E" and "F". For both, the 

processes need one operator and the production of the mould "E" was the focus of the team. After 

observing the process, packing was the "muda", where the operator had more wasting time (Figure 

3.15). 

 

FIGURE 3.15  -  MACHINE 1003'S -  PACKING BEFORE  

 

In the operation of packing the part is put in a container. Each container has five layers and each 

layer has nineteen parts, with a total of ninety-five parts per container. In each layer they are used 

two carton partitions and are necessary four plastic blankets to protect the parts. The operator takes 

a lot of time to put the plastic blankets, so, the team had to found better solutions. 
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After a discussion about some ideas, they were found two scenarios: 

1. To change the plastic blanket for a plastic roll; 

2. To remove the plastic blanks and carton partitions for non-disposable sponge partitions. 

In the second option, the difficulties were bigger because they need a contact with the client and 

further contract changes, so, for the moment it was discarded. 

The option of changing the plastic blanket for a plastic roll makes the packing operation easier 

because the plastic roll has a dimensioned perforation for each layer, like a plastic bag for the fruit; 

so, the operator just has to pull the plastic in the start of the packing and as he packs the part, the 

plastic adapts and, at the end of completing the layer just has to cut it (Figure 3.16). 

 

FIGURE 3.16  -  MACHINE 1003  -  PACKING AFTER  

 

With this improvement, it was possible to reduce the machine's cycle time, from 30 seconds to 25 

seconds (Figure 3.17). 
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FIGURE 3.17  -  MACHINE 1003'S CYCLE TIME REDUCTION 

 

 

3.5. Overall workshop results  

The standard work and line design workshop was very positive; small changes made a really big 

difference in the company results. 

The KPI, direct labour cost / production cost, had a positive evolution as we can see in the Figure 

3.18. 

 

FIGURE 3.18  -  CHART KPI  EVOLUTION 

 

As we can see, the ratio between direct labour cost and production cost got down as changes in the 

machines was implemented, what means that they were need less hours of direct labour work to 

produce the same quantity of parts. 
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The Table 3.2 shows the impact of the standard work and line design workshop in term of costs by 

machine. 

 

 

TABLE 3.2  -  MACHINES'  COST REDUCTION  

Machine Cost Reduction / Year (€) 
Machine's cycle time reduction 

(sec) 

351 - Mould "A" 15.697 € 8 sec 

1001 - Mould "B" 3.654 € 3 sec 

1001 - Mould "C" 41.180 €  10 sec 

1002 - Mould "D" 23.187 € 6 sec 

1003 - Mould "E" 15.323 € 5 sec 
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4. Conclusions 

The Curricular internship of the Master Course in Engineering and Industrial Management, at 

MEGATECH Industries Marinha Grande, was very rich because it allowed to obtain an experience 

within the plastics injection industry that, otherwise, would not be possible in the transition from the 

University to the job market. I consider that it was a great added value for the intern, since, when 

entering the job market, he already has an idea very close to the reality of the area where he really 

wants to work, with the shock of entering the world of work being mitigated, since it has gone 

through this phase before, through the internship. 

During the curricular internship was possible to understand how the behaviour of plastic inject affect 

the quality of the produced parts and with that help to be aware about the defects that can appear. 

In the Standard Work and Line Design workshop was possible to do some improvements and 

consequently obtain saving costs.  

Further, the goal is to still doing this work in other machines and standardize the maximum number 

of references possible, getting better financial results and improve the quality of the processes and 

workstations.  

The work continues in order to improve and reduce quality problems.  
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Annexes 

On the following pages you will find the annexes described throughout this report: 

 Work instruction about the Quality Wall (Annexe I); 

 Work instruction about the rfid in Quality Wall (Annexe II); 

 Work instruction about Quality Wall 5S Audit (Annexe III). 

Annexe I  - Work Instruction - Quality Wall  
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Annex II - Work Instruction - RFID Quality Wall  
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ANNEX III - Quality Wall 5S Audit  

 

 

 


