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Abstract: The main objective of the present work is the development and implementation of a Lean 
Design methodology in the process development of a mould injection tool, in order to reduce mould 
design time and eliminate the design phase loops. 
The origin of Lean Design is detailed and how the concept was applied in the construction industry.  
Lean techniques such as 5w, workshops, A3 maps and 5w-2h were applied so as to characterize the 
current state of the company and to define the base points of the methodology, while ensuring that 
any developments follow the concepts of Lean Design.  
Five methodology support tools were developed. From these, the software tools (database and cost 
model) will be explored in detail. These have a crucial role in ensuring a smooth functioning of the 
methodology and have an immediate effect towards the accomplishment of the objectives. 
After the implementation and monitoring of the methodology, the obtained results consist of time 
reduction spent on searching information as well as mould development. 
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1. Introduction 
 

The concept of Lean Design (LD) gained popularity when it was introduced by Toyota, as 

a methodology responsible for the rapid development of new automobiles. Ever since, different 

possibilities for waste reduction in the Research and Development areas have been explored 

[1]. 

Studies described the implementation of LD to various sectors, such as construction, 

aeronautics and software development. however, there are no reports of a LD methodology in 

injection mould industry [2].  

The mould sector in Portugal has shown an increasing growth every year. Investment in Lean 

Manufacturing on the shop floor is a common practice in the industry. There is, however, still 

some scepticism towards the capacity of these methods to improve processes. The 

competitiveness in this sector has increased due to new competitors coming from countries 

where labour is less expensive and due to higher demands from clients to obtain better moulds 

in less time. The design processes and product engineering are considered to be potential 

areas for the reduction of lead time in the delivery to the customer.[3]. The complexity of mould 

design resides on the large number of components that form a mould tool and how they are 

linked to the part. Moreover, these two parts are designed by different people and any mistake 

or design change that might occur during this phase, is more cost-effective than if it happens 

during a production of the mould. All these aspects points towards an improvement on the 

design process.  
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The purpose of this master thesis is the application of a LD methodology between a product 

development company and a mould injection company, and to develop tools to support the 

design process while meeting with the requirements imposed by the companies. This report 

starts with a literature review of LD, following a brief description of the company way of work. 

Then the approach, methods and developed tools of the methodology.  

This procedure was conduct by Erising, a specialized company with expertise in Lean 

Manufacturing, Six Sigma and Kaizen, that worked together with the author of this thesis. The 

development and implementation took five months, having the author accompanied the 

process daily between the two companies. Two months of monitoring were followed.  

 

2. Literature Review 

 

The Lean Design (LD) concept was first introduced in the chapter "The Techniques of Lean 

Design" in "The Machine that changed the world”, it consists of applying principles of Lean 

Production in engineering, design areas and process management with the aim of reducing 

waste in non-added value activities [4]. Design waste occurs when an iteration of the process 

adds no value, or tasks involved that do not bring benefits to the design development. Other 

wastes come from design mistakes that may have arisen for lapses in the passage of 

information or in knowledge not yet acquired [5]. 

Womack, Jones, and Roos guided an investigation between a Lean thinking automotive 

manufacturer (Toyota), and other European and American manufacturers who did not share 

the same philosophy. Due to the differences between the two types of companies, this study 

presents four foundations that the authors affirm to be essential for a company to develop a 

product in a Lean way. The four foundations are the following: Leadership, teamwork, 

communication and Concurrent engineering [4]. 

• Leadership: A Lean leader must be capable of guiding a team to achieve the aim 

of the project on time, he/she must be able to understand how the whole aspects 

of the project work, so he/she can make the best decision for the development of 

the product. 

• Teamwork: A multidisciplinary team, guided by the leader, with members from 

marketing, engineering, management, etc. Can develop a product faster due to the 

rapid exchange of information that can solve issues in advance.   

• Communication: This aspect targets the way the teamwork proceeds. It is pointed 

out that commitment and trust among team members, is the key for a good 

communication and product developing.  

• Concurrent Engineering: Consists on the parallel task development between team 

members. 

 

A LD methodology that was applied to the construction sector, suggested that one must go 

through four stages as shown in figure 2.1. The Diagnosis and evaluation intents to determine 

the process flow, the time distribution of each task and the value they create. The second 

stage, Changes Implementation, gathers the results from stage one, defines tools and 

establishes changes according to different areas of improvement. After that comes the control 

phase, which ensure that all the changes are being fulfilled and if it is necessary, any 

adjustment is made. The last stage is the standardization process that defines the beginning 
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of the new methodology of the design process. Keeping in mind that every methodology can 

be improved, thus the connection between stage four and stage one [6]. 

 

 

Figure 2-1 – Stages of a LD methodology (modified according to [6])  

 

A methodology is the logical process of designing and applying methods based on knowledge 

and assumptions, in order to achieve an objective. A method is the way to achieve that 

objective. When applied to LD, it consists in the use of Lean thinking and scientific knowledge, 

in order to develop methods that ensure the fulfilment of the objectives. 

 

3. Approach 

 

Both companies are located in Aveiro, Portugal. 

The parent company, OLI-Sistemas Sanitários S.A 

(OLI), is responsible for the development, injection 

and assembly of the parts. And by the newly 

acquired company, OLI Moldes, is responsible for 

the design and production of injection moulds tools. 

In order to develop a methodology, both companies 

appointed members from different areas to 

corporate with development of the new 

methodology. After that an approach was defined, 

and it was based on four stages as represented in 

the figure 3.1. The first two stages have the same 

purpose as the first two shown in the previous 

methodology. On the third stage, Lean technics 

were applied to the development of changes and 

improvement tools. The fourth stage consisted on 

the definition and implementation of the new 

methodology.  Figure 3-1 – Project approach scheme 
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The process of mould development that OLI and OLI Moldes had when the first stage began 

was composed by phases of interactions among the two companies and phases of individual 

work. The figure 3.2 shows the project phases for the development of new parts and also 

changed parts, when it is required to change an existing part and respective mould.  

The interaction phases are marked in orange and involved the following actions: 

• PEI: It gathers a designer of the piece and a designer of moulds, with the purpose of 

presenting the functions of the part, the material and how it connects to the other 

components of the assembly. It is discussed the possible position and exraction of the 

part in the mould; 

• FMEA: Six members from OLI represented the product engineering, part design, 

injection, mould maintenance, industrialization and project management. OLI Moldes 

was represented by a single member. The layout of the parts on the mould were 

discussed and the possible failures upon closing, injection and opening of the mould; 

• EIF: The same members as in the PEI phase would get together and from this meeting 

a final part design is selected, taking into account all the changes from previous event 

phases. 

After these interactions OLI Moulds propose a new quote, if any, and starts a preliminary 

design of the mould. Then the PPM consisted in presenting the 2D drawings of the mould to 

the person in charge of injection, maintenance, engineering and Industrialization. That gave 

the approval or rejection of the design. If the mould was approved, OLI Moldes could now order 

the steel structure frames and mould cavities. 

 

 

Figure 3-2 – Project phases of the Mould process development 

The diagnosis of this design process consisted on value stream mapping, interviews, and 

direct observation of the phases by the author and Erising. It raised different problems that 
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were discriminated between four areas of requirements. Figure 3.3 illustrates how these areas 

cover the LD foundation proposed in “The Machine that Changed the World”:  

• Mould Typology: Involves management decisions and the team's ability to develop a 

mould according to the imposed guidelines; 

• Standard Components and Standard Engineering: Are related to the simultaneous 

development and use of designs already made. It covers different departments of the 

company, so communication is a crucial aspect; 

• Project Phases: This area touches on all the foundations of LD, since the nature of its 
problems is reflected in the orientation of the project, in the work developed by people 
with different characteristics, and in the continuous transition of information from the 
beginning to the end of the phases. 
 

 

Figure 3-3 – Relation between the methodology areas of improvement and the foundations of LD 

Based on these areas, the third stage began with the formation of four work groups, one per 

each area. And through workshops they had to fill a A3 map. This map was structured in a 

way that required the group to state, among other matters, the current situation, what they 

think that is the origin of the problem and how do they idealise as a possible solution. After 

the fulfilment of the A3 maps, all the groups had to present to the each other, their ideal 

solution of the respective area. In the end the groups rotated the assigned areas and had to 

add complementary suggestions to the already filled maps. The following figure shows the 

resultant map after the workshops. 
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Figure 3-4 – A3 Map after workshops sessions 

4. Methodology 

Based on the ideal solutions from the previous stage, and on the feedback of the daily issues 

encounter by the author at the companies. Erising and the essayist developed a methodology 

that meets the requirements of administration and the requirements of the four areas of 

improvement.  

This new methodology embraces the previous design process and based on LD concepts and 

approaches introduces a new way of work alongside with two software tools and three auxiliary 

checklists. The figure 4.1 shows a holistic view of the new methodology, encompass the Lean 

methods that lead to the key areas of the methodology, from which methods and tools were 

defined. 

 

Figure 4.1 – LD Methodology of 
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The FMEA phase changed to Injection Analysis due to the outcome of this event, that is more 

focused on projecting and analysing possibilities of injection layouts instead of realizing a 

Failure Mode and Effect Analysis. 

The Cost Model and the Database are two software tools, which were developed by the author 

during his stay in OLI Moldes. Both tools, in their development, were attended by the main 

users, the person in charge of mould quoting and the designers of OLI Moldes. 

The requirements imposed to the Database were: the incorporation of the engineering already 

developed in one place, and the possibility of including these developments in future moulds. 

In relation to the cost model, it was imposed, that this model must be faster than the current 

process, that it should be comprehensive to use in a way that a person with little experience in 

moulds can still provide quotations. 

While the database requirements arose from the mould designers and participants of the 

process phases. The requirements for the cost model were given by the management and 

administration. 

LD is present in the database as the reuse of knowledge and the sharing of information. The 

Cost Model is a tool for leadership, in a way enables the user to perform informed decisions 

and create alternatives to an existing mould type. 

 

Cost Model 

The large number of quotations issued per month, the time spent on it and the cost analysis of 

previously presented quotations are the main causes of the cost model. 

Consequently, the management requested a cost model to facilitate this process. The 

approach to the development of this model began by studying the current quotation tool from 

OLI Moldes. The quote is made by one person and consists of filling an Excel sheet with four 

areas: Activities (with all activity times that affect the mould production), Steel, accessories and 

subcontracting. All entries are filled in manually and the precision of the typed values  depends 

on the experience of who is making the quotation. 

Therefore, the author sought from mould designers what are the characteristics that most 

influence the final cost of a mould. There was no specific answer since this depends on the 

part in question and the components needed to inject it. Given this fact, an exercise was carried 

out with the designers in which the objective was the definition of the complexity of 

manufacturing a given mould. It has been proposed to do this from one to three, being three, 

a mould with a higher complexity. 

The logic of the design of the cost model is represented in figure 4.2. It is based on the 

experience of the user, complemented by automatic filling fields that depend on the complexity 

of the mould. Last of all, it is possible to compare the to another mould. 
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Figure 4.2 – Logic behind the Cost Model development 

 

Database 

The idea of the Database is to be able to search through filters and fields that relate different 

entries in a table. 

The approach to the Database development began by recognizing the programs in use in OLI 

and OLI Moldes. Both companies use PTC Creo for 2D and 3D design of parts and moulds. 

As document manager, PTC Windchill is used. The author did a survey of the problems with 

the software. PTC Windchill was the one that raised more discussion. For OLI Moldes this 

software was limited and brought problems in loading moulds into the system. 

For the development of the software tool, the author prepared a workshop with OLI Moldes 

designers, and presented a database scheme concept, the schematic already accounted with 

data inputs provided from previous workshops with Erising, interviews and A3 maps. Figure 

4.3 illustrates the final schematic after the discussion of inputs required to characterize the 

mould, the part and the standard components. 
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Figure 4.3 – Database inputs 

 

The benefit of a database is the rapid search for information according to search criteria. But 

as such it is necessary to feed the database moulds, parts and standard components 

information. If this does not happen the Database loses its potential of improving the design 

method. 

 

5. Lessons Learned 

The new methodology consolidated the existing mould development process. It brought 

changes at different levels in the process, from organizational changes in design offices to 

internal changes to mould development. 

The meetings of the project phases became shorter and more objective. The designers of OLI 

and OLI Moldes focused on the filling up the checklists. Making meetings more productive and 

more objective. 

The design department of OLI Moldes was the most affected by the modifications to the 

methodology. It took more responsibilities in the method, and it was necessary to support its 

restructuring with leadership support, through Kaizen Diaries and others activities. The author 

witnessed a positive change in the behaviour of these designers, who started to prepare the 

tasks in advance, setting the example for the other actors of the method. 

 

6. Conclusions 

The database and the cost model are software tools developed by the author. The database 

is related to LD in information sharing and concurrent development. Allowing designers to 

access the design of moulds already manufactured and not having to "invent the wheel" 

whenever they start designing a mould. 
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The cost model is related to the LD, in the sense that it reduces the quotation time (eliminating 

waste), through fields with automatic completion and supports the quotation manager to decide 

which typology of mould is the most indicated, or if within this typology is there any alternative. 

The implementation of the methodology was followed by the author and Erising. They ensured 

that all the processes were being performed correctly and the improvement proposals were 

implemented soon after. 

Being a continuous improvement project, a major challenge is changing habits and mentalities 

when facing a new method. Eventually these obstacles cease to exist, and the methodology 

is in use in the company. There have been improvements in meeting time reduction and 

searching for information (through the Database). The exchange of information takes place 

without impasses, something that didn’t happen in the previous methodology. 

 

7. Future work 

The future work of this methodology is to continue in the training methods and processes and 

to normalize to a point where the members feel that the methodology is fulfilling the 

requirements. Never forgetting the continuous improvement. The methodology must have in 

the future, actions of revision to the methods and the improvement areas of the methodology. 

There may be other needs to explore. 

Extension of the database to the mould maintenance area and the mould testing area. This 

will involve all players present in the mould life cycle. Getting this information into a network 

will help the development of better moulds with fewer problems and higher quality. 

An amplification to the method would be the application of Lean Design to X, where X can be, 

manufacture, assembly or cost reduction. These methods would prevent manufacturing 

problems from early design stages. 
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