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Abstract 
 
The logistics department at the Powertrain plant of Volvo Trucks seeks to improve the efficiency 

within their processes. A new concept solution to the supports (pallets) that hold and carry different 

types of engine parts during the transportation between the sequencing area and the final assembly 

line called “The new dynamic pallet based on biomimicry” was presented. The concept solves the 

issues of the constant modifications in the pallets lead by the changes in the design of the engine 

parts. The main objectives of the project is the creation of a dynamic pallet, dynamic in this case 

translates into a modular, flexible to different geometries and scalable system, also the design 

solution should be inspired by nature (biomimicry) to boost a new sustainable design approach 

related to the values of Volvo brand. 

  

This project required iterative research regarding the principles of biomimicry and systems found in 

nature. Biomimicry literally means ‘the imitation of life’ but, it is better defined as a design approach 

to innovation which takes inspiration from systems of nature. It is provided by Volvo as the core of 

the project, if the result is good then there will be a push to develop new projects following this 

strategy seeking sustainable solutions to solve human problems. In addition, prototyping concepts 

from a generation of ideas to testing results were conducted to evaluate the concepts generated. The 

resulting concept proposal is a whole new system but preserves the functional aspects necessary to 

integrate the new pallet in the current logistics performance.  
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1 INTRODUCTION 
 
 
The Powertrain Plant of Volvo Trucks in Skövde is the plant in charge of the creation 

for the largest quantity of engines created for Volvo Trucks. Within this plant there 

are several phases, where the last one is the assembly line. There are both manual 

processes and processes assisted by robots. Within the large complex processes and 

constant changes caused by the growth of the company and sales, there is the desire to 

generate greater efficiency; contributing to this, the logistics department seeks to 

solve a problem that is generated by the pallets currently used. 

 

For this it is essential to clarify how Volvo Trucks uses these pallets. The pallets are 

supports created for the transport of different parts of the engine within the plant, 

mainly between the sequencing area and the final assembly line. Each pallet is made 

for a specific type of engine part, for example, there are pallets created for each type 

of turbocharger or each type of oil cooler, so there are a large variety of pallets. 

However, this results in a lack of adaptability due to the constant change that exists in 

the design of the parts; the change generates both time and cost investment in the re-

adaptation or re-machining of the pallets according to changes as well as waste of 

materials.  

 

The design of a new pallet called “The new dynamic pallet” would aim to solve the 

problem of lack of geometric adaptability caused by changes occurring in the designs 

of the engine parts. The solution of the new pallet should also seek to be modular, 

which would allow to have a single type of support compatible with the morphology 

of the different parts of the engine. Another advantage of a modular solution is that it 

could allow the sequencing of other parts that are not currently sequenced, such as the 

piston that is assembled by robots. 

 

The project is based on biomimicry as part of the requirements of Volvo, 

“Biomimicry is an approach to innovation that seeks sustainable solutions to human 

challenges by emulating nature’s time-tested patterns and strategies.” (Biomimicry 

Institute, 2019). The use of biomimicry as the main solution is strongly related to the 
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brand values of Volvo, such as constant improvement and sustainable solutions 

(Benyus, 2002). Volvo has the vision to become the world leader in sustainable 

transport, and this entails sustainability within the production system (Magnusson, 

2019).  This idea is linked to Volvo’s slogan: “We are not waiting for the future. We 

are shaping it. Each of the following projects underpins our long term environmental 

strategy, and shows how we will contribute to sustainable development over the next 

decade and beyond.” (Environmental Care by Volvo Trucks, 2019). Thus, innovation 

and sustainability are leading the philosophy of the Volvo brand. 

 

During the development of the project, a hybrid method of the double diamond design 

model of Design Council (Design Council, 2007) and the design biomimicry spiral 

(DeLuca, 2016)  was used to develop the project in a more accurate way. The double 

diamond is based on the convergent and divergent methodology process and is 

applied in two phases, in order to have a more successful solution by the iteration of 

the process. Given that this way of thinking allows the opening of the generation of 

ideas and also leads to a concrete and specific solution, this can enhance both the 

creativity and quality of the product designed. Simultaneously, the biomimicry spiral 

was discovered as a process during the concept generation to the final result, as 

recommended by the Biomimicry Institute, to develop projects using Biomimicry as a 

design approach. 

 

The project does not follow standard methodologies used in these kinds of projects of 

Engineering Design such as design for assembly, design for X, among others (Ulrich 

& Eppinger, 2008). Since it is a project that innovates the way of solving the problem 

within the assembly plant of Volvo Trucks it needs to be a creative project. As Tim 

Brown (2009, p. 31) mentioned: “the creative process generates ideas and concepts 

that have not existed before”. 

  

Finally, this project is seen as a creative project. The use of sketches is fundamental to 

the entire process, from understanding the problem to developing the final concept; 

from how to create an idea to the visual way to communicate and show results. 

Sketches such as visualization and information processing are part of the cognitive 

process of learning and understanding the problem (Guérin, et al., 1999), as well as 

being part of divergent thinking during the process of the chosen methodology. 
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1.1 VOLVO GROUP, Trucks - Powertrain Skövde 

 

Volvo Group is a Swedish multinational manufacturing company headquartered in 

Gothenburg owned by AB Volvo. Its core activity is the production, distribution, and 

sale of trucks, buses, and construction equipment (Volvo Group, 2019). Part of Volvo 

Group, Volvo Trucks is one of the largest truck manufacturers in the world. Volvo 

makes vehicles that are sold and serviced in more than 130 countries all over the 

world. Volvo is supported by over 2100 dealerships and workshops. While trucks 

constitute their primary product selection, they also provide aftermarket products and 

services. Volvo Trucks are assembled in 15 countries across the globe. About 95% of 

the company's production capacity has a location in Sweden, Belgium, Brazil, and the 

USA (Volvo Group, 2019). 

  

At Powertrain Production in Skövde, engines and their engine components are 

manufactured and delivered to the Volvo Group's factories in Europe, North and 

South America, and Asia (Volvo Group, 2019). The production is divided into three 

production processes: casting, machining and assembly. There are also a significant 

number of support functions; such as maintenance and logistics, among others. 

 

Volvo has the vision to become the world leader in sustainable transport. The 

installation is based on manufacture and assembly lines that are supplied with 

materials through today's logistics system. Currently, it handles many different types 

of articles and engine variants, which is a big challenge (Magnusson, 2019). 

Therefore, in the logistics department, the idea of giving a new solution based on 

biomimicry for the problems of geometric adaptability of pallets was born. 

 

1.2 PROBLEM DEFINITION 

 
It is essential to have a good understanding of the problem, as clarifying the problem 

makes the result more accurate. For this project, it was necessary to take a physical 

visit to the plant and take a tour where the problems could be seen in context, as 

Kelley states in “Change by Design” (Brown, 2009, p. 129): "Innovation begins with 

an eye. It is a general principle of humankind." After taking the tour and being 
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provided with an explanation of the general context of the problem by the internal 

logistics manager Gunnar Bäckstrand, it was understood that there is an accelerated 

growth in demand for sales of Volvo trucks, buses and construction equipment. This 

leads to an increase in the number of engines and the number of modifications to the 

engine parts. This in turn leads to the need for new pallet and sequencing cart designs. 

Therefore, the efficiency of the transportation and storage of parts at the basic 

assembly must be refined. The logistics department wants to achieve more efficiency 

by improving the current pallets and solving their main issues. 

 

1.2.1 Efficiency problem 

 
To understand the efficiency problem it is essential to clarify how Volvo Trucks uses 

these pallets. The pallets are supports placed on a sequencing cart created for the 

transport of different parts of the engine within the plant facilities, mainly between the 

sequencing area and the final assembly line. Each pallet is made for a specific engine 

component, for example, there are pallets created for each type of turbocharger or 

each type of oil coolant, so there are a large variety of pallets. However, this results in 

a lack of adaptability due to the constant change that exists in the design of the parts; 

these changes generate a waste in time, cost, and materials through the re-adaptation 

or re-machining of the pallets.  

 

In some cases, if it is a significant modification or if a new part is created, it is 

necessary to create an entirely new specific pallet that adapts to the new shape. Fig.1 

shows how the shape of each engine component gives the pallet unique shape. In 

addition to the fact that the geometries of each part of the engine have no similarity to 

each other (see Fig.1-2). This does not allow a pallet to carry any other engine part, 

even if it has the same purpose. 
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Fig. 2 Scale variations of pallets depending on the engine part. 

 
 

 

All these problems in the pallets also lead to a high cost generated by the design of the 

support, the manufacturing time and the used materials (Fig.1). Sometimes the pallets 

that are not frequently in use or which are needed to store a large quantity of parts are 

improvised with materials that are in the workshop (Fig.3). Although the properties of 

the used materials for these improvised pallets are long-lasting, such as nylon and 

Fig. 1 Diversity of shapes and materials in the different types of pallets. 
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aluminum, they are not sustainable because they are expensive and they are not being 

used for a long period, due to the constant changes. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

As mentioned above, the efficiency problem in current pallets exists because the 

design and geometries of each part of the engine are constantly modified. For 

example as shown Fig. 4; where the oil coolants have been modified. A new pallet 

needs to be created because the last one is not optimal to the new design of the engine 

part. Each change in design generates a rectification in the pallets in order to adapt 

and hold the engine part during the transportation between the sequencing area and 

the basic assembly at the final assembly line.   

 

 

 

Fig.  1 Handmade temporary pallets made with 
the materials finded in the workshop 
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Fig.  2  Comparative of  a new version of pallets for the same engine parts (oil cooler). 

 

 

1.2.2 Transportation process 

 
 

The transportation between the sequencing area and the basic assembly entails that an 

assembly worker needs to carry different specifications of engine parts on a trolley 

aided by a small electric car (AGV) (as shown in the process of Fig.5 and Fig.6). The 

parts are then left on a waiting assembly line for accessibility before they are passed 

along to the final assembly line. The part, still attached to its supports, slides over 

rollers and another assembly worker takes the pallet for assembly. This process is 

shown in Fig.7. As mentioned, each of these engine parts are held by a specific pallet 

and each part has a different geometry. Therefore it is expensive to maintain and 

continue developing new supports to adapt each piece separately, which are in 

constant changes of geometries and functions. 
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Fig.  3 Turbocharger-transportation process with pallets within the sequence area. 

 
 

 

Fig.  4  Electric Starter -transportation process with pallets within  the sequence area. 

 
 
 

 
 

Fig.  5 USING PROCESS BY THE WORKER.  

 Pallet sliding over rollers, worker holding  and carrying the pallet. 
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1.2.3 Design Approach 

 

It is necessary to create a new modular system that will be compatible with all the 

different engine parts and, given that the solution is appropriate, can be adapted in 

other areas in the plant. This will save money and improve the lifecycle product 

management in the powertrain plant. The use of biomimicry as the primary approach 

in solving the problem is a great challenge as it is a new way of solving the problem 

in the Powertrain plant, as well as being a design approach with considerable growth 

at present time (Biomimicry Institute, 2019). However, it lacks many sources of 

information to provide knowledge on how to process the information or how to follow 

a process to solve a design based on biomimicry (Benyus, 2002). Giving a successful 

solution based on the principles of biomimicry will enhance to use a new sustainable 

design approach (Biomimicry Institute, 2019), as a core solution in future projects for 

Volvo. 

 

1.3 OBJECTIVES 

 

In today's efficient production, one of the goals of the material handling chain is to 

establish a one-piece flow. The purpose is to have high productivity and a uniform 

speed in the flow, in order to reduce the risks and to assure the ergonomics, among 

other factors. That goal can be achieved after several changes within the internal 

logistics. One of these changes begins with the improvement of the efficiency of 

pallets. 

 

Once the problems have been addressed, the objectives are generated in addition to 

the characteristics that Volvo requests as project requirements. The main objective is 

to design a concept of a new dynamic pallet that can replace the current pallets. The 

initial requirements for this new solution should involve: 
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● The concept solution should be based on Biomimicry. 

 

The use of biomimicry is one of the requirements and challenges for the solution of 

the project requested by the stakeholder within the conditions of this new project for 

Volvo Trucks; moreover, the process and the solution using biomimicry will also 

serve as a guide and to promote the use of this type of approach as a solution for 

future projects at logistics department of Volvo. Furthermore, biomimicry as a design 

approach is applied because it is a tool to improve creativity and problem-solving 

skills through design (Biomimicry Education Network, 2019).  

 

Volvo wants to introduce biomimicry as a new sustainable process, as related to the 

core values of the brand. Achieving a positive result in the project will be reason to 

base the development of more projects using this perspective. This is better explained 

during the introduction of the project by the stakeholders, where sustainability has 3 

main pillars: people, planet and profits. They look for as little bad impact on the scale 

as possible and they care about the details of the processes and products. Volvo seeks 

constant improvement, developing sustainable products with the environment in mind 

(AB VOLVO, 2019). Above all, they seek to be pioneers (Volvo Trucks, 2019). 

 

 

● It must be adaptable and flexible to the different shapes of engine parts that 

are placed on top for transportation. 

 

Regardless of the geometric complexity of the design of the part, this will allow that 

although there are modifications in different parts, there will be compatibility among 

the different structures. In order to achieve that compatibility the solution should be 

flexible in order to adapt to different engine parts. At the same time the solution 

should seek to be long lasting as that is a key factor of sustainability. 

 

 

● It must be modular. 

 

This will allow a single type (standard) of support to be used on different parts during 

internal transport between the sequencing area and the final assembly line. Also being 
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modular will solve unification among the pallets seeing as a whole system with the 

same purpose. Creating better efficiency in the logistics tasks.  

 

● The proposal should seek to have scalability in form and proportions. 

 

Finally, being scalable will allow this module to be a guideline for initiating the 

sequencing of other parts of the engine as a unity of task, such as the pistons that are 

assembled by robots. This would be an advantage because automatized assembly 

areas are small work areas. Sequencing these parts would free up space and create 

better cognitive ergonomics for the workers (Hartson & Pyla, 2012). 
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2 DESIGN APPROACH (Methods and processes) 

 

This project seeks an innovative result, thus a combination of biomimicry and 

convergent and divergent thinking is applied. This combination offers an adequate 

amount of structure and allows for the creation of specific parameters and criteria for 

the evaluation of concepts and their development. During this chapter it will be 

explained why a hybrid method of the double diamond design model of Design 

Council (Design Council, 2007) and the design biomimicry spiral (DeLuca, 2016) 

was used to develop the project in a more accurate way. The project requires a 

complex solution process because it tackles a logistics problem with the influence of 

biology research. Creativity is a key part of the concept development, some tools are 

used to generate results, and some of them were based on intuition, as it is a common 

factor during the creative processes of designers (Cross, 2006). 

 

 

2.1 CONVERGENT AND DIVERGENT THINKING 

 

 

Convergent and divergent thinking is used in the process developed by the Design 

Council. The method is chosen for this project as it is a creative project and needs to 

be complemented with an engineering design process. This method is selected after 

analysing a table showing the comparison between engineering design process 

models, Table 1 (Howard, et al., 2008) and among the comparative table of creative 

process models, Table 2 (Howard, et al., 2008). Using a work process divided into 

four main phases enables using a methodology based on divergent thinking (Positive 

attitude to new ideas-non-evaluating, non-judging, convergent thinking (analyses and 

relate critically). The work process starts with double diamond method followed in 

sequence in order to create new tasks to do inside the main phases. Additionally, the 

process is not focused on the implementation phase, as this project is to design a 

product concept. Finally the divergent process is also seen as a part of the process of 

achieving biomimicry in the project “Living SeaWall” (Volvo Cars, 2019) that Volvo 

brand was developed. 
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Table 1 A comparison of engineering design process models, highliting the chosen process.  
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Table 2 A comparison of creative process models. 
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Divergent thinking is the process of generating multiple solutions for a given 

problem; usually divergent thinking is what is done when the answer or the next step 

of a process is unknown. The goal of this approach is to analyse other approaches to 

test the most stable solution. Using this method it is possible to extend the number of 

options that are created and compared during the divergent phases of design. This in 

turn helps determine the quality of the design (Curedale, 2013). Convergent thinking, 

on the other hand, is the evaluation and selection of a clear solution based on 

constraints, assumptions, and pros and cons analysis. Divergent and convergent 

thinking is a critical thinking skill needed to generate novel or innovative solutions to 

improve in a problem of engineering and logistics (Howard, et al., 2008). Although 

convergent thinking is a tool for problem-solving where the brain uses a mechanized 

system or formula to some problem; this way of thinking is accurate for this project 

because it is particularly appropriate in engineering (Curedale, 2013), taking into 

account that the project is developed to achieve higher efficiency in a problem of 

engineering and logistics. 

 

The choice of this method achieves a balance between the creative process and an 

evaluation and development of criteria closer to the conditions of this kind of project. 

 

2.1.1 Double Diamond method 

 

The double diamond is a framework developed by the Design Council (Design 

Council, 2007). Here is how they define themselves as a group: 

  

Design Council’s purpose is to make life better by design. We are an 

independent charity and the government’s advisor on design. Our vision is a 

world where the role and value of design is recognized as a fundamental 

creator of value, enabling happier, healthier and safer lives for all. Through 

the power of design, we make better places, better products, better processes 

and better performance (Design Council, 2019). 
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Fig.  6 Double Diamond model of Design Council 

 

 

Going into more detail of the double diamond (Design Council, 2019), it is a method 

that is nonlinear as it is based on convergent and divergent thinking. The method 

includes iteration in order to achieve a more exciting result by the process of opening 

ideas and concluding in solutions, during two main phases (as shown in Fig.8) 

developed for the project. This model is made to discover which ideas are the most 

accurate; the creative process is iterative, therefore iteration means that ideas are 

developed, tested and refined, where weak ideas are dropped during the process. This 

iterative cycle is an essential part of good design (The Design Process, 2015). 

 

The double diamond is divided into four distinct phases: discover, define, develop and 

deliver (Fig 9)(Design Council, 2007).It maps the divergent and convergent thinking 

of the design process in two main steps. One confirms the problems definition and the 

other creates the solution, showing the different modes of thinking that designers use. 

The following explains this better, referencing to an application approach. 
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Fig.  7 Double Diamond model adapted to the project. 

 

Discover (Understand): The beginning of a project is marked by an initial idea or 

inspiration (Design Council, 2007). In this project the idea of giving a solution to the 

problem is born on the part of Volvo, but also this phase of discovery is applied in 

this project during both the research and preliminary study that is based on 

biomimicry and the problems of pallets. This phase is divergent and exploratory and 

is used to understand the problems and the strategy for the project. Questions that are 

suggested to scope this phase are: What is it? What is it useful for? How can I do it? 

(The Design Process, 2015). 

 

Define (Define):  The Definition stage should be thought of as a filter where ideas are 

reviewed, selected and discarded. This is where findings from the Discover stage are 

analysed, defined and refined as problems, and could identify the key points that are 

going to be presented in the next stages (Design Council, 2007). This focuses on the 

most compelling opportunities to pursue, and the main goal at this stage is to develop 

a clear creative brief that frames the fundamental design challenge of biomimicry. 

 

Develop (Explore): In the development phase, the project has been taken through a 

formal approval; this part is crucial during the generation of different concepts 

without evading crazy ideas (Hartson & Pyla, 2012), here concepts are created and 

prototyped, it is also an iterative process of trial and error where concepts are tested 

and help to improve and refine the concept ideas, also in this phase the right solution 

ITERATIVE 

ITERATIVE 
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is discovered, this stage and next is where Volvo is more in touch with the 

development of the project (The Design Process, 2015). 

 

Deliver (Create): The delivery stage of the double diamond design process in this 

project is where the final concept is taken through final testing, this is with 

visualizations (renders) and a final evaluation is made with Volvo and an idea of the 

strategy for possible implementation.  

 

After discussing convergent and divergent thinking and its application in this project; 

it can be concluded that the creative process in the project is complicated. This makes 

it challenging to capture ideas in a simple way. Framing with the double diamond 

process and the above explanation can help facilitate understanding of the general 

process of the entire project. 

 

 

 

2.2 BIOMIMICRY  

 

 

Biomimicry is the core of the solution to this project as a new approach to solving the 

pallet problem; therefore it is essential to define how biomimicry is going to be 

applied to the process of design. For this reason, the following passages address 

definitions obtained from a variety of sources. After the research focused on 

biomimicry, it was discovered that the Biomimicry Institute and their databases such 

as AskNature.org (Ask Nature, 2019) and Biomimicry Toolbox (Biomimicry 

Toolbox, 2018) serve as the best source to understand what is, and how to apply it in a 

simple way as a designer. 

 

Starting with the etymological definition of the term, Biomimicry has its origin in 

Greek: BIOS meaning life and MIMESIS meaning imitation (Benyus, 2002). 

Biomimicry is also a design method invented by Philip Steadman in 1979 which was 

popularized by Janine Benyus in her book Biomimicry in 1997 (Curedale, 2013). She 

is also credited with creating the most influential Institute in Biomimicry (Biomimicry 

Institute, 2019). To continue, it is defined by the Biomimicry Institute (2019) in its 
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glossary of terms as ”the conscious emulation of life’s genius. Learning from and then 

emulating biological forms, processes, and ecosystems to create more sustainable 

designs”. (Biomimicry Toolbox, 2018). Biomimicry is considered also as ”an 

approach to innovation that seeks sustainable solutions to human challenges by 

emulating nature’s time-tested patterns and strategies” (Biomimicry Institute, 2019). 

Biomimicry also serves as a call to the world thinking in a sustainable community and 

as a new way to solve problems in different fields such as industries, policies, among 

others, thus providing the industry with entirely new solutions for practical problems 

(Bionic, 2012). 

 

The Volvo logistics department chooses biomimicry for its favourable results and 

technological advances that have been made in different fields and industries, such as 

the Shinkansen bullet train, the fastest one in Japan which is inspired by the shape of 

the beak of a kingfisher bird enabling its speed and precision changing his 

environment quickly and causes minimal noise Fig. 10; or the case of Festo, a 

company of robots that has chosen to develop robots inspired by the behaviour and 

shapes of different animals, from a robotic arm inspired by the trunk of an elephant 

Fig. 11, to a bionic butterfly (Bionic, 2012). All of this is based on the principle of 

analysing elements in nature and imitating the essence of their behaviour which 

structures or forms that are already proven by their natural context, and its existence is 

the proof that it works (Benyus, 2002). 

 

  

Fig.  8 Japanese bullet train mimicking  the beak of a Kingfisher bird. 

 

 

The Japanese bullet train uses biomimicry to reduce the noise it makes coming out of 

a tunnel, mimicking the beak of a Kingfisher. Developing the project based in the 
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peak of the bird, the train also gained 10% more speed and 15% less use of electricity. 

In this example is looked in nature systems or life forms that pass from one context to 

another reducing the noise (Air to Water) solving a problem for fluids mechanics.  

 

 

 

Fig.  9 Festo´s Bionic arm mimicking the morphology of an elephant trunk. 

 

 

The Festo's bionic arm imitates the behaviour of an elephant trunk, achieving the 

ability to articulate the structure along the arm and control of the mechanical forces to 

hold an object.   

Also the Volvo brand is already developing and looking forward to the introduction of 

that field into the new projects, such as “Living Sea Wall” (Volvo Cars, 2019) an 

ocean conservation project unveiled on February of 2019 Fig. 12, and “Shapes of 

Sweden” Fig. 13 project winner of Volvo design challenge of 2015 (Shapes of 

Sweden, 2015). 
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Fig.  10 Module of Living Sea Well Volvo project that mimic the root structure of native mangrove 
trees, providing a habitat for mairne life (Living Sea Wall, 2019). 

 

 

Fig.  11 Shapes of Sweden project, car seat made of pinewood and structures were inspired on the 
roots of trees (Shapes of Sweden, 2015). 
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Janine Benyus, the most famous representative of biomimicry movement (Curedale, 

2013) suggests that design has three different main approaches for nature: 

 

- Nature as seen as a model (Benyus, 2002). Biomimicry is a new science that 

studies nature’s models and then takes inspiration of these forms, processes, systems, 

and strategies to solve human problems (Curedale, 2013). 

 

- Nature as a measure, where biomimicry uses an ecological standard to judge 

the sustainability, of human innovations. After 3.8 billion years of evolution, nature 

has learned what works and what lasts (Benyus, 2002), it is fascinating how the 

principle of sustainability comes to life with a lot of sense.  

 

- Nature as a mentor, where biomimicry is a new way of viewing and valuing 

life systems. It introduces an era based not on what can be extracted from the natural 

world, but what we can be learnt from it (Benyus, 2002), this is one of the reasons 

why more designers should see this method as a solution, and in this case, Volvo tried 

to introduce this approach. 

 

Having obtained a better context related to biomimicry and how it can be seen, it is 

now essential to understand the purpose of the project. Namely which problems want 

to be solved. This is related to the functionality sought to achieve on each new design 

project based on biomimicry. This is sought after because it is easier to look at 

nature's solutions if they are function-centred. Having all this information, it is easy to 

understand how to apply this method as a solution with more precision. It is necessary 

to be guided to the next stage, which is the search for information within biology 

based on the conditions to be solved in the project. Therefore the conceptual 

framework is later explained in 2.3, as a tool that serves to focus research for creative 

design processes.  
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2.2.1 Biomimicry Design Spiral 

 

 

During the research it was discovered that there were some issues regarding the 

iteration of the research. This was due to the need to switch between research 

exploration and concept generation and additionally between concept generation and 

testing/prototyping. For this reason the Biomimicry design spiral (DeLuca, 2016) is 

also followed. It is a method highly recommended and supported by the Biomimicry 

Institute and was created by Carl Hastrich as a specific design process for biomimicry 

(DeLuca, 2016) the author developed this tool so that it would perform well, given 

that the user has a good understanding and knowledge of the problem they are trying 

to solve.  

 

 
Fig.  12 The biomimicry design spiral adapted from Carl Hastrich (DeLuca,2016) 

 

 

As shown Fig. 14 the design spiral has 6 main steps to follow. These steps were 

followed in this project during the generation of ideas and at the same time during the 

research needed in order to have an accurate solution from nature and adapt to the 

project. The steps are divided in:  

  Identify: The functions that are needed on the design project to perform. 

 

 Translate: The functions need to be translated into concepts that are related to 

the biological world. 

  

 Discover: Systems or life-forms in nature with strategies that are used to 

perform those functions/concepts. 
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 Abstract: those strategies found in nature translated into technical terms that 

make sense in the design or engineering field needed. 

 

 Emulate: those strategies in the design solution needed; is where the 

professional skills in the concept generation is used to create an accurate 

design solution based in the nature systems found.  

 

 Evaluate the design solution and decide if it can be tested or should go back to 

the spiral at some point. 

 

2.3 CONCEPTUAL FRAMEWORK 

 

A conceptual framework is “an argument about why the topic one wishes to study 

matters, and why the means proposed to study it are appropriate and rigorous” (M. 

Ravitch & Mittenfelner Carl, 2015). It is described as the abstract and logical 

structure of meaning that simplifies the development of research or study (Adom, et 

al., 2018). All frameworks made for the project are based on the identification of key 

concepts and the relationships among those concepts. Those provide a context for 

interpreting the study finding and help to make research findings meaningful and 

generalizable, at the same time to establish orderly connections between observations 

and facts.  

 

A conceptual framework model is used to stimulate research and the extension of 

knowledge by providing both direction and motivation. The conceptual framework in 

this project serves as an analytical tool with different variations and contexts; using it 

as a guide in the research process is very useful, as it allows getting closer to a 

common goal while allowing the opening of that search.   

 

As mentioned before during the first and third stages of the Double Diamond method, 

divergent thought is applied. This means that it allows open mindedness in the 

information/data that is obtained (research) or generated (concept generation). This 

can also achieve a great source of data or ideas that later together with the convergent 

thought can be analyzed and filtered. This is why this method is chosen for the 

project. 
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However, when applying biomimicry in the project both the research and the 

generation of ideas can be a very extensive database of information, since analyzing 

all the systems and structures of biology is almost impossible. It is essential to know 

which systems to base the search for information or development of ideas on; 

although, this does not mean that the final result has to be defined during the 

divergent process, for this project a conceptual framework is used. 

 

In order to practice biomimicry it is essential first to understand the concept of 

function as already mentioned in the first step of the biomimicry design spiral. For 

this reason the conceptual framework is focused on the functional problems of current 

pallets, where the brief allows us to know that information through the conditions of 

what characteristics will be considered to be a dynamic pallet.  As mentioned above it 

should be adaptable to different geometries and modular, adding to the research the 

concepts of structure + biomimicry. After the understanding of these concepts, a 

second theoretical framework is created in the generation of concepts and the 

implementation of biomimicry in the project. So those concepts in different sources 

guide the search of the approach in biology, and thus also a database is generated that 

allows to be analyzed again in the iteration of the design process. 

  

A well done research process during the thesis improves the project development,  for 

this reason the use of the conceptual framework as a tool it is a  great help to avoid 

basing an investigation on intuition alone. Intuition is seen as reasoning based on 

suppositions without any experience. Intuition comes only with expertise, and 

requires a deep understanding and experience (Cross, 2006).   

 

After having a better understanding of how to apply a conceptual framework, it will 

be more accurate to use the most common question that people follow when it is 

applying biomimicry, and it is: What is in nature that has already been solved … 

(project problem) (Biomimicry Institute, 2019), by adding to the question (the 

parameters obtained after the conceptual framework based in functionality)?. It is 

essential to highlight that a conceptual framework is a way of segmenting information 

and simplifies research tasks but there are many types of categorizing that 

information, such as tables, diagrams, schemes, among others. (Adom, et al., 2018). 
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3  LITERATURE REVIEW 

 

Literature review in biology during the process was necessary to generate a 

background of concepts. Research was necessary to achieve a solution based in the 

nature for the project and having a general knowledge of nature systems and how they 

work.  

 

This was based on the research of the behavior of nature systems and how they can be 

imitated to solve the lack of adaptability, flexibility, and modularity among other 

concepts in the system of a pallet. For this first part is explained how biology is 

approached into the project following step by step on how was nature applied  starting 

with the conceptual framework of the functions. The process of research is based on 

the steps of the design spiral from the identification and defining the concepts to the 

abstraction and how it can be translated to the solution of the project.   

 

3.1 BIOLOGY AND ITS BRANCHES 

 

If there is to be an academic project, there must be an information base that supports 

the development of any project that does not only rely on empirical knowledge, as is 

very common in projects developed by designers (Cross, 2006). This is why the 

research starts from biology. 

 

Research on biology and its branches is required in order to develop a project based 

on biomimicry because biology is the science that studies nature and living beings. 

This is done in order to create a background of information from literature and 

scientific sources. It is also important to define other concepts of themes linked to the 

objectives of the project. 

  

Moreover, Biology is best defined by the branch of science that deals with living 

organisms as objects of study; in addition to any useful value they may have (OED, 

2019). There is a division in the study of the science between fields of macrobiology 

and microbiology; where macrobiology is the branch of biology in charge of studying 
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large living organisms which are possible to observe with the human eye without the 

help of optical tools or instruments (Macrobiology, 2019), and microbiology is the 

branch of biology that studies microorganisms or microbes. It is the study of the 

simple life-forms that include bacteria, archaea, algae and fungi, among others. The 

field is concerned with the structures and functions of the organisms (Pelczar & 

Pelczar, 2018).  

 

3.2 FUNCTION CONCEPTS 

 

Mentioned before also in order to apply biomimicry approach for a design project in 

the correct way the functions that are wanted to be achieved should be analyzed and 

understood, as a first step (Benyus, 2002). For this reason a conceptual framework 

(see fig.15) is made based on the objectives that are already stated in the objectives 

section and also these are concepts that are related with the functions; these concepts 

become at the same time the keywords for the nature exploration research in Biology. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

Before the exploration in biology it is necessary to define the meaning of keywords 

and concepts of desired functions to achieve (Fig. 15), help both in understanding the 

 Modular 

 Geometrical 

 Adaptable 

 Form 

 Flexible 

 Unity 

 Structure 

 Compatible 

 Scalable 

 

Concepts for 
research 

Fig.  13 Conceptual framework of keywords based in functionality aspects to be 
achieve in the solution. 
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concepts themselves, as well as to relate more correctly and scientifically the search 

for information. Each definition is taken and adapted to the project from the Oxford 

English Dictionary (OED, 2019) and the glossary of the Toolbox of Biomimicry 

(Biomimicry Toolbox, 2018). Here below are the concepts defined and linked to the 

project: 

 

Modular: A design with standardized parts or units that allow for flexibility, variety in 

use, and/or expansion (Glossary of Terms, 2017). 

  

Geometrical: Defined referencing about/in design as characterized by regular shapes 

or patterns, this definition makes it easier to understand that which will be capable to 

adjust to shapes of patterns (OED, 2019).  

 

Adaptable: Mentioned as capable of being applied or used in different conditions or 

contexts; capable of being modified or altered, amended especially to be put to a new 

use or to serve a new purpose (OED, 2019). 

 

Form: Shape or morphology, can be either macro scale, microscale or nanoscale 

(Glossary of Terms, 2017), after understanding this particular definition, created by 

the Biomimicry Institute, it opens up the opportunity for research of natural structures 

or systems within microbiology, which is a branch of biology that studies 

microorganisms. 

 

Flexible: It is addressed as capable of being bent, admitting of change in figure 

without breaking; malleable, elastic structure or material (OED, 2019). 

 

Unity: Seen as the fact or quality of being single or unitary, senses relating to the 

union, harmony (OED, 2019), this definition is also related to the definition of 

modular in this project. 

 

Structure: A way of organizing, building, or constructing; how something, an object, a 

system, etc. has been made, designed, assembled or engineered (OED, 2019). This 

definition works both as a form or as a function during the research and it is also a 

common word in the vocabulary of the project. 
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Compatible: Capable of being admitted together, or of existing together in the same 

subject (OED, 2019), the word “subject” of the definition is a concept related to the 

parts of the engine. 

 

Scalable: Able to be measured or graded according to a scale (OED, 2019), this is 

totally linked to the different measures of the engine parts, and it is fully linked to the 

ability to replicate, the same structure smaller or larger without deformations. 

Finally, once the concepts are clearer after having the glossary with a short analysis 

on how to link with biomimicry research, the process continues with the exploration 

of natural systems. This entails the entities or properties of the functions that seek to 

be tackled in the project. It is here where it is suggested to begin asking the questions 

that guide the research. The questions should be as simple as possible (Benyus, 2002) 

and as Carl Hastrich suggests in his Design Spiral model (DeLuca, 2016) once having 

the functions, those concepts should be transferred to terms that create sense in the 

biological world. 

 

There are many questions born from this project such as; what can be found in nature 

that is geometrically adaptable which contains or carries an object? What in nature is 

flexible and long lasting? What in nature is adaptable to change? Which structure in 

nature is flexible? Alternatively, how does nature create modulation and scalability? 

Which patterns or forms in nature are geometrically adaptable? What in nature is a 

soft material? How does nature support different forms/shapes? As is notorious are 

many questions that may arise, and as the divergent process suggests, it is good to be 

able to obtain the most significant possibility of ideas. However, when so many 

questions arise in the process of guiding the research, it was decided to limit the 

search. This can be observed in chapter 3.4 where the process of segmentation of the 

information is better explained, it is also explained in further detail in the following 

chapter. The motivation for this decision is that limiting the search of information to 

sources of scientific data and with greater diversity can achieve more accurate results. 
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3.3 DATABASES  

 

The research was carried out with sources or information databases that are 

recommended by experts in the field such as Janine Benyus and Dayna Baumeister 

the founders of the world´s leading bio-inspired consultancy Biomimicry3.8, and 

Janine Benyus who also is a co-founder of the Biomimicry Institute (Biomimicry 

Institute, 2019). Biomimicry is growing in the design and engineering fields as a 

design approach, and there are not many physical sources to see the projects fully 

developed. But having the appropriate databases allows the discovery of accurate 

information compiled in one place even if are online, are accurate scientific sources. 

For this project, the databases used are those most widely recommended by the 

Biomimicry Institute and their website (Biomimicry Institute, 2019), and these are: 

AskNature.Org (Ask Nature, 2019), and the Biomimicry toolbox. (Biomimicry 

Education Network, 2019). In addition, World Cat (World Cat Discovery, 2019), 

which is a database that includes the University of Skövde library and other sources 

such as scientific articles, is also used. 

 

3.3.1 Ask Nature 

 

This data source is used and recommended by the Biomimicry Institute (Biomimicry 

Institute, 2019), as it is focused on highly interesting and relevant information on 

different approaches to biomimicry with constant updating of scientific journal papers 

and projects carried out with biomimicry approach. There are details about products 

on the market that were designed with biomimicry; as well as research findings of 

systems in nature that could be applied in different fields such as engineering, science, 

design and business. It serves as a source of inspiration and at the same time guides 

the research with the published information. It has an easy to use interface, this is due 

to both the keyword based search engine (Fig.16) and by the websites segmentation of 

information (Fig. 17) which is divided into: 

- Biological Strategies  

- Inspired Ideas 

- Resources  

- Collections 
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Fig.  14 Search engine interface of ASKNATURE.org Easy accessibility and powerful source. 

 

 

 

 
 

Fig.  15 Segmentation of Information of ASKNATURE.org Different scientific journals with short, 
easy-to-follow titles that describe the biomimicry approach. 
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3.3.2 Biomimicry Toolbox 

 

Biomimicry Toolbox (Biomimicry Toolbox, 2018)(Fig. 18) is the simplified and 

easy-to-read tool created by the Biomimicry Institute (Biomimicry Institute, 2019) 

that serves as a support for research in this type of approach in the development of 

projects in different fields. It is a tool created by different professionals in the field of 

biology and various strategists or thinkers in the field of biomimicry. Its primary 

objective is to inspire and motivate the use of biomimicry as a sustainable strategy to 

the development of new projects. It includes a glossary of definitions made by experts 

and is used as a guide to apply nature's lessons to design challenges.  

 

For this project it serves as a vital source of information, since its core concepts and 

guide in the method of applying Biomimicry is used in the design of the new dynamic 

pallet. For example, the core concept "Function and Strategy" and the method 

"Biologize Function and context", which is summarized in the framework made in 

chapter 3.2.  

 

 

 
Fig.  16 Biomimicry Toolbox Interface shown as an encyclopedia 
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3.4 NATURE IN THIS PROJECT 

 

As it is more suitable to research in a well-guided manner with a solid database and 

clarity of concepts when applying biomimicry, this stage of research is where all the 

research of nature of nature and its systems starts to converge in order to apply the 

knowledge to the purposes of the project.  

 

Additionally, as this is not merely a research project and the primary objective is to 

design a product concept, there must be a filter for what information to seek 

(Fargnoli, et al., 2006). This generates a quicker path to the exploration in nature. 

Accordingly, Volvo generated a table in order to segment the search according to the 

desired concepts in Table 3, both in terms of functionality and in the possible future 

production. This table acts as a conceptual framework to allow a guided form of 

research as well as serve as parameters for evaluation (Adom, et al., 2018). 

 

Table 3 Segmentation of searching in nature. 
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The table is made specifically for this stage and it is divided into four main sections as 

according to the parameters reviewed and selected together with Volvo. The 

parameters take into account what was previously defined as nature as a model 

(structure), nature as a measure (properties) and nature as a mentor (behaviour) and 

adds an extra category that consists of desirable factors in the analysis of information. 

 

As mentioned before, each division of this categorization serves as a guide to segment 

the information during research which then allows one to find the best results in the 

databases chosen. this way, various types of information is found (divergent) which is 

then sought to relate to the previously defined functions as well as concepts or 

keywords from this segmentation (convergent) (Howard, et al., 2008).  

 

All this results in the discovery of several elements in nature and as it is a vast amount 

of information that is being analyzed, a mood board of images is made. The mood 

board allows for graphical visualization (Kelley & Littman, 2016). It defines the 

selected nature systems to follow in the project (see figure 19). 

 

The research starts by searching in the databases for systems in nature that can adapt 

to different geometries, hold and carry objects with different shapes, life-systems that 

are flexible to changes or geometries. Essentially seeking for a natural system 

showing modularity and unification with the capability to alter their structure. This is 

based on the conceptual framework already developed where the required functions 

are translated into concepts. 

 

Through the research several life-forms that hold and carry different objects were 

found, such as the claw of a bird. Some life forms also have flexibility in their skin of 

the paws and hold objects with the rigid nails. Something similar to this happens with 

the paws of a mammal catching a pray (Gochman, 2017). The tentacles of an octopus 

have mostly the same behavior but a quality unique to them is that their suction cups 

add pressure around on the points of contact with the shape. Analyzing these three 

systems mentioned gives the concept the opportunity to hold almost any shape. 

However, their ability is more related to mechanical properties in their control of 

movement and not by the structure of their body themselves (Ask Nature, 2019). 
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Also the research showed many ocean life-forms that adapt to different shapes due to 

their environment and due to constant movement of the flow of the ocean. These life 

forms interact and are in contact with different species that lives, or moves around 

them, such as corals, anemonas, algaes and sponges (Ask Nature Team, 2017).  

 

After some types of sponges such as the Venus flower was uncovered it seemed that 

their really interesting properties that could be imitated to solve the problems of the 

pallets. It was related to the objectives because the Venus flower has constant change 

in the morphology of its body due to the flow of the water passing through the holes 

in their body (porosity) without deformation of their structure. The lack of 

deformation is because it is made of silica, which is a strong material, and also 

because it has optimal distribution of the material within the structure. (Weaver, et al., 

2006).  

 

A microbiological life form with similar material properties to the Venus flower was a 

system found in the Ask Nature journals called ‘diatom’. The diatom has a less 

complex geometry as a body with a lot of diversity of shapes. (Ask Nature Team, 

2017) A life form having the same principles but with less biodiversity and 

morphological variables is a microbiology algae system called radiolarians (Ask 

Nature, 2019). The principal differences between those microsystems is that on one 

hand diatoms have a lot of variety of shapes and the geometrical adaptability is shown 

in a vertical flexibility and the morphology changes within the “evolution” of their 

structure called frustule (Presscot, et al., 2005). On the other hand the radiolarians are 

mostly spherical in their shape and their flexibility is seen in their changes on the 

entire structure. The radiolarians also have a nucleus and concentrate all the rigidness 

of their structure there (Levin, 2001). 

 

It was found that the structure of the microbiology life-forms show modularity due to 

the hexagonal optimization that is also seen in the honeycomb. It is seen as a perfect 

natural modular structure that is fully optimized in their architecture as it divides the 

modulation and forces around all the structure (Ask Nature Team, 2016). 

 

Finally, a solution in nature that can adapt to different shapes during the 

transportation of an object was found in the pouch of marsupials that have the ability 
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to expand to different measurements and carry with a “soft” container. After 

exploring more about this system the same principles in the properties of the 

intestines was discovered. The intestines transport different objects with the capacity 

to expand their structure.  

 

 

 

Fig.  17 Moodboard of research for biological approaches discovered in the research process.  

 

 

It is important to mention that this process of discovery in nature was accompanied by 

sessions supervised by Volvo in order to be able to decide the ideal path based on the 

project, because not being an expert in the field of biology, sometimes it can be 

difficult to understand all the language used within the search for information. 

 

After the data was obtained a morphological table was generated as a system to relate 

the analyzed living beings to the search criteria. Thus, after having applied divergent 

thinking in research the information obtained should be filtered. The reason being that 

this is the basis for a conceptual framework which is used as evaluation criteria in Fig. 

20. From here starts the convergent thinking within the research process and this 

allows the design process to select the best design concepts combined in a systematic 

way (Fargnoli, et al., 2006). 

  

The morphological matrix was designed specifically for this project. Applying first 

those systems in nature (biology and microbiology) found which have a possible 
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solution related to the objectives of the project. Generating ideas with all the systems 

is difficult because of the lack of the time to prove and test all the solutions, therefore 

the morphological matrix allows the focus to be on the life-forms that have the 

strongest possibilities to be used as a system in nature to mimic. This is elaborated in 

Fig. 20 with marked boxes where the object in nature has a relation, according to the 

first table of segmentation (Table 3). Having this allows following a system that gives 

better inputs to generate ideas and it is independent to personal preferences or desires 

to choose a specific system (Fargnoli, et al., 2006).  

 

 

 

Fig.  18 Morphological matrix of research evaluation to make a selectionof the system to investigate 
for the project. 

 

 

Here it shows the diatom as the system that could have a relationship in all areas. 

Radiolarian, sponge marine, octopus and honeycomb are also significant with three 

points of a relationship. These points of connection also serve as a discussion topic 

within the research and evaluation system, where the most relevant information from 

these sessions is summarized in the form of sessions full of talks and thoughts. In 

addition, it is requested by Volvo to generate a small table of pros and cons as a way 

to conclude the sessions. A summary of what has been discussed can be seen in Table 

4.  
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Table 4 Summary of Pros and Cons of the life-forms selected in discussion with Volvo. 

 

 

 

After all the analysis shown here in a synthesized way, that radiolarian and diatom are 

the systems that shows a more significant relationship and arouse great interest as a 

way to follow for the project. It was decided to do a more in-depth investigation of the 

two and thus later have two paths in the generation of ideas which have the significant 

qualities of being microorganisms with very efficient structures and exceptional value 

in the optimization of their material (Hamm, et al., 2003). This is data that at 

production level is sought in a new dynamic pallet according to the objectives and 

work sessions with Volvo. 

 

3.4.1 Radiolarian and Diatoms 

 

Diatoms are unicellular algae that form a wall of silica in their intricate cell (Raven, et 

al., 2005). The organism is related and chosen for the project after analysis and 

understand the marvelous variety of design patterns of their lightweight structural 

material. Some researchers of biology displayed results which demonstrated the 

natural development of architecture in living organisms to simultaneously achieve 

light weight, strength and structural integrity as a system and have adaptability to 
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different environments. Their characteristically pores seen as a patterns on their 

surfaces permit the flow of materials out and into the cell structure (Ask Nature, 

2019) 

 

Diatoms and Radiolarians are generally classified according to the symmetry of their 

shells that show radial symmetry as seen in Fig.21. After long studies, biologists have 

found it to have an unprecedented specific resistance, superior to other reported 

natural biomaterials (Levin, 2001). These qualities are attributed to the combination 

of honeycomb sandwich plate architecture and the extremely low density of defects in 

the constituent biosylic membrane (Werner, 1977) 

 

After researching various biological subjects, microbiology provides two main 

possible solutions which are appropriate for the project. Radiolarian and Diatom are 

microorganisms that as small life-forms teach us the principle of the microscopic 

cellular structure of the unicellular organisms (Ask Nature, 2019). Their structure 

represents several functionalities linked to the necessities of the new pallet such as 

durability, flexibility and modulation.  

 

 

 

Fig.  19 Radiolaria and Diatom structures 

 

 

 

 

 

 

 

 

 

 



 40 

 

4 PRELIMINARY STUDY 

 

Other factors that could influence the direction of the design were also investigated, 

such as the environment of the pallets, the exploration of materials and the recovery 

of some knowledge through the development of the project. This section also focuses 

on all the information that was obtained during the development of the project from in 

Situ observations within the Volvo plant, as well as exploration through exercises to 

find important data. 

 

4.1 MATERIAL EXPLORATION  

 

After a selection on the approach of biology is found, a material exploration is 

conducted. Following the principle already mentioned about databases, a “physical 

database” suggested by Volvo, is visited in order to explore materials that could be 

used to develop the project and have different possibilities. The database is known to 

have a strong history developing different projects. 

 

4.1.1 Material Connexion 

 

The physical database it is called Material Connexion and it is located in the complex 

of Balthazar Science Center, Skövde. A meeting was held with the staff, who are 

experts on material research, to discuss the project and explain the project and its 

necessities. For this project a flexible material was sought after, because the 

radiolarian structure already gives the principle of rigidness and flexibility, the 

rigidness could be imitated and the optimization of the material with the same 

structure, but a flexible material with good mechanical properties was necessary.  
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Fig.  20 Material Exploration 

 

Since it was an exploration it included evaluating materials that could solve 

adaptability to different shapes (Fig 22). This quality of adaptability was linked to the 

flexibility in materials. Alternatively, adaptability could be achieved with rigid 

structures with mechanical properties that allow mobility in different directions. It 

was suggested by the experts on materials there in Material Connexion to apply the 

project with additive manufacturing. This is a method where the production process is 

done layer by layer and without product-dependent tools. 

 

After selecting radiolaria and diatoms as biology approaches they were analyzed. It 

was found that their structure enabled them to capture several functionalities linked to 

the necessities of the new pallet such as durability, flexibility and modulation. 

Implementing these unique properties in production processes could be difficult but 

the 3D printing process allows for creating new options for product development by 

using different types of materials that provide the mechanical properties needed. 
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A 3D printer is a tool that helps us to visualize and generate rapid prototypes. In this 

project 3D printing is used in both the generation, as part of the development process, 

as well as in the visualization of the final product. The structure developed was 

designed in such a way that the most efficient production could take place. This is in 

terms of time, energy and material usage, which allows for local production and 

diminishes transportation costs and energy requirement. 

 

4.1.2 3D Printing / Additive Manufacturing 

 

After understanding that 3D printing could provide all the necessities to develop a 

concept for this project, because the diversity of the options in their materials as 

Additive Manufacturing (AM)(Fig .23) is a layer-based automated fabrication process 

for making scaled 3 dimensional physical objects directly from 3D CAD data without 

using part-depending tools. It was originally called “3D Printing” and is still 

frequently called that (Gebhardt, 2011)  

 

The technical realization of AM is based solely on layers and therefore it is called 

“layer-based technology”, “layer-oriented technology”, or even “layered technology” 

(Gebhardt, 2011)(Fig. 24). 

 

 

 

Fig.  21 Additive Manufacturing, Technology and Application Level Definitions. 
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To define such a structure, first the meaning of the term “technology” has to be 

distinguished from “application”. Technology is defined as the science of the 

technical process and describes the scientific approach where application means how 

to use the technology to take advantage from it, which is also seen as a practical 

approach. 

 

 

 

Fig.  22 Additive Manufacturing Process Chain. 

 
 

Independently of how it was obtained, the 3D data set is first sliced into layers using a 

computer and special software. As a result a set of contoured virtual slices with even 

thickness is obtained. Functional Prototyping is applied to allow checking and 

verifying one or more isolated functions of the later product or to make the production 

decision. Though the model cannot be used as a final part. The additive 

manufacturing process can directly deliver a geometrically exact and scaled physical 

precise copy of the data set (Gebhardt, 2011). 

 

The main difference between Functional Prototyping and Direct Manufacturing is that 

functional prototyping ends with prototypes.Those only show some of the functions 

of the final product while direct manufacturing ends with parts that are completely 

identical with the final product. Additive manufacturing creates the final product by 

adding material, stacking layers on top of each other. The principle of layering is 
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based on the fact that any object, can be sliced and rebuilt using these layers, 

regardless of the complexity of its geometry (Gebhardt, 2011).  

 

Types of 3D printing and their properties: 

 

1. Digital Light Processing (DLP) Since no scanning of the resin is required, the 

curing time per layer is independent of the layer geometry complexity 

(Salonitis, 2014). DLP 3D printers use a digital projector screen to flash a 

single image of each layer across the entire platform at once. (Form Labs, 

2019). 

2. Fused deposition Modeling (FDM) It is a process mainly used for prototyping. 

The process use a continuous filaments of a thermoplastic material and it is the 

most popular process with a wide variety of filament materials (Gebhardt, 

2011). 

3. Selective Laser Sintering (SLS) is a printing technique where objects are built 

up layer by layer by melting powder with the help of a laser; the resultant 

models have very high quality. The waste materials are kept to a minimum 

and the material is reused (zero / less waste) (OCEANZ, 2019). 

4. Laminated Object Manufacturing (LOM) Solid physical model made by 

stacking layers of sheet stock, each an outline of the cross-sectional shape of a 

CAD model that is sliced into layers Starting sheet stock includes paper, 

plastic, cellulose, metals, or fiber-reinforced materials (Gebhardt, 2011). 

5. Binder Jetting (BJ) a binder is selectively deposited onto the powder bed, 

bonding these areas together to form a solid part one layer at a time. The 

materials commonly used in Binder Jetting are metals, sand, and ceramics that 

come in a granular form (Bournias, 2019) Binder Jetting is used in various 

applications, including the fabrication of full-color prototypes. 

6. Material Jetting (MJ) In material jetting, a printhead, dispenses small drops of 

a photosensitive material that solidifies under ultraviolet (UV) light, building a 

part layer-by-layer. The materials used in MJ are thermoset photopolymers 
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(acrylics) that come in a liquid form (Bournias, 2019). Mostly used to obtain 

high quality and accurate models such as medical educational models 

(Bournias, 2019). 

7. Stereolithography (SLA) The process is potentially faster than other 3D 

printing approaches.Stereolithography-based systems have a distinct advantage 

over other free-form printing methods because an XY motion controller is no 

longer required. (Salonitis, 2014). 

8. Selective Laser Melting (SLM) is a specific 3D printing technique, which 

utilizes high power-density laser to fully melt and fuse metallic powders to 

produce near net-shape parts with near full density (Moritz & Maleksaeedi, 

2018). SLM process allows the manufacture of functional components with 

high structural integrity at a low cost and is compatible with various materials 

(Leary, 2017). 

 

 

4.2 ENVIRONMENT OF THE PALLETS 

 

 

Transport between the sequence area (warehouse) and the final assembly line entails 

the process of an assembly worker carrying various engine parts on a trolley. The 

trolley is aided by a small electric car. The parts are left on a waiting assembly line 

for accessibility before going on to the final assembly line. Each of these engine parts 

are held by a specific pallet and each part has a different geometry, which makes it 

expensive to maintain and continue developing new supports to adapt to each piece 

separately, which are in constant changes of geometries and functions.. 
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Fig.  23 Sequence area context.  

 

 

Fig.  24 Two different touchpoints of the turbocharger at sequence area. 

 

 
The processes of the pallets are already introduced in the chapter 1.3 Problem 

Definition. This section will delve into the main touchpoints during the process of 

using the pallets and the analysis of the subproblems found in the system of the pallet. 
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This knowledge is based on a preliminary study composed of various physical visits 

inside the plant of final assembly. All this process narrows the context and use of the 

pallets after the physical observation and understanding of the process.  

 

The process of the pallets starts in the sequence area (Fig. 25). First empty pallets on a 

trolley are waiting to carry their respective parts of the engine. After the engine part is 

placed on the top by a worker, another worker in charge of the transportation of the 

trolleys aided with an AGV (automatic guided vehicle) is in charge to give (Fig. 26) 

the full trolley to the waiting line of the basic assembly in their respective stations . 

During that transportation the engine part is carried and held by the pallet and those 

pallets supports the constant movement created by the acceleration and velocity of the 

AGV.  

 

After leaving the pallets there in the waiting assembly line another worker takes the 

pallet with the engine part. That worker is responsible to create a kit with the specific 

engine parts and other components needed in order to assembly parts in a specific 

station. Depending on the station the same pallet can either be used directly in the 

final assembly line or the engine part can be taken from the pallet and put it in a 

kitting cart. These kitting carts are specific stations to work in the final assembly. If 

the pallet is not in use anymore, the free pallets are put in a secondary level on the 

same trolley as used in the transportation from the sequencing area to the waiting line. 

This is in order for the pallet to return to the sequence area by the worker responsible 

for the transportation to bring back the empty pallets and create the loop again. All of 

the mentioned is the whole process that involves in the pallet cycle of use. A sketch 

that summarizes the main touchpoints of the pallet can be seen in Fig. 27. 

 

Fig.  25 Diagram of the main touchpoints  of the pallet & engine parts. 
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The kitting cart (Kitt Vagn in Swedish) is the work-storage station that provides a kit 

of specific objects used by the assembly workers . The objects include different 

engine parts, connectors, supplements/add-ons and some tools for each station in the 

assembly line. The process of delivery to the kit cart is essential to the final product of 

the plant.  

 

As the engines are assembled in a specific sequence, the right unit of the right engine 

part should be in the kit cart at the right time. Changes in sequence and unit design 

cause losses and waste time that would be greatly reduced with the use of a dynamic 

pallet. Almost all workstations on the lead assembly line require units in the kit carts 

to be in sequence, long transport times between kit deliveries are another source of 

waste time at the work stations. This can also be connected to the current use of 

unique pallets, as the current pallets are neither scalable nor flexible, they can carry a 

limited amount of units, which affects the trolley transports to the workstation.  

 

A workstation is a section in a production line where are certain amount of work is 

performed. The workstation is characterized by dimensions and is set up with 

machines, materials, equipment, tools, fixtures and operators needed to perform the 

assigned operation. The workstation can be further sub-divided into manual or 

automatic stations depend upon the performing of work (Scholl, 1999). 

 

 

4.3 PARTS OF THE ENGINE 

 

 

The project is developed in order to give a creative solution to the logistical efficiency 

issues presented, mainly in the storage-transportation tasks of a selected group of 

engine parts. To that end it is suggested by Volvo to start analyzing and working with 

the turbocharger, oil coolant, starter and water pump, among some connectors for 

different engine parts that are not really relevant, but can be useful to use in the 
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generation of the concept for the goal to be make scalable the pallet or even the 

modulation. 

 

 

 

Fig.  26 Diagram of Volvo Trucks Engine. In Red, the turbocharger, in purple the starter, in orange 

the water pump and in blue the oil coolant and cover. 

 

 

This segmentation is followed by some of the parts, as mentioned in Fig. 28, that are 

in use in the sequencing carts that logistics department wants to achieve for the 

project. Namely, the engine parts on the different work stations in the final assembly 

line. 

 

- Turbo charger: Turbo is a device that works by taking advantage of the energy of 

exhaust gases to move a turbine that is located in the same axis of an air compressor 

connected to the intake manifold and that air boost the power of an engine.  

Their weight varies between 31.27 kg the heaviest to 22.12 kg the lightest 

Their measures values vary between  35x28x27cm  to 30x23x30cm (W x L x H) 
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- Oil cooler: It is a piece formed by layers of steel which enhances heat dissipation. 

Their weight varies between 6.3 kg the biggest to 4.6 kg the small. 

Their measures values vary between 15x45x4cm to 15x47x5cm  (W x L x H) 

 

- Electric Starter. It starts the engine, through the use of electric impulses 

Their weight varies between 14.54 kg the heaviest to 9.15 kg the lightest 

Their measures values vary between 42x21x21cm to 30x15x15cm  (W x L x H) 

 

- Water pump: Is used to maintain a constant temperature in the flow of the water.  

Their weight varies between 8.06 kg the biggest to 5.03 kg the small. 

Their measures values vary between 30x32x11cm to 20x32x6cm (W x L x H) 

 

 

  

Fig.  27 Preliminary study of engine parts at sequencing area, measurement, wheight and 
observation. 

 

4.4 PALLETS 

 

The results obtained from a function diagram of an existing product is essential and 

allows the central problem to be observed as a whole to then be divided into sub-

problems (Ulrich & Eppinger, 2008), as is already suggested in the problem 

definition.  

 

Although there are a great variety of shapes between pallets, the process of division 

into sub-problems allows us to see the similarities between them and arrive at the idea 
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of generating a modular idea, since the common factors are the main points to analyse 

where there are more considerable variations. Here the process focuses and generates 

a more substantial design work to achieve compatibility. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

A pallet is divided into three main components according to its functionality if it is 

conceived as a system or problem. In the Fig. 30 it is shown that all pallets require: 

 

- A base: A flat surface that serves both as a contact/support surface between the 

sequencing carriages that transport them, and to slide the bearings over the waiting 

lines for sequencing in the final assembly line Fig. 31.Some pallets are used with their 

particular part of the engine up to kitting kart. The material of the bases is usually 

nylon. The most recognized variant in the base is the surface area, which is linked to 

the size of the piece being transported. It varies widely in scale. There is not really a 

standard module, but the measurement most common for the small pieces is 

approximately 40x20 cm. For medium sizes approximately 50x25cm, and 

large  surfaces approximately 120x55 cm. This confirms the necessity to create 

modules to create a standard, which will result in a more efficient process. 

 

 

 

PALLETS 

BASE HANDLES SUPPORTS  

 

 Contact Surface 
to workstations 

 Flat Surface 
 

 Contact Surface 
for workers 

 One at each side  
 

 Design follows the shape of 
the engine part 

 No relation between them 

 Points of control 
 

Fig.  28 Function diagram of pallets. 
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Fig.  29  Pallet of a water pump with flat base, handles and specific points control. 

 

 

 

- The handles: they are the point of contact during use between the assembly worker 

and the pallet. Some pallets do not need the handles and are part of the pallet system, 

as shown by an example in the problem statement chapter, with the turbocharger and 

the old oil coolant pallets, made into the shape of their supports. 

 

- Supports or control points: this component has more variations than the others 

mentioned above. For most of them, the only similarity is the materials used. These 

supports are the supports that adapt to the geometry of the part of the engine to which 

it is intended to transport and support. 

 



 53 

  

Fig.  30 Pallet exploration exercise, drawings of the geometries of the different types of engine parts 
to see the areas and lines that are intersected at some point. 

 

This is why, after the functional analysis, the support or control points that limit the 

movement and generate adequate support for the different geometries that must be 

transported are sought after. To this end, an exercise is carried out in which the 

silhouettes of different geometries of different parts of the engine are drawn on an A3 

sheet Fig 32. In this way, the common contact area is visually analyzed. Additionally, 

the physical supports of each pallet are able to be identified. The insights obtained in 

the analysis of the pallets are crucial for the development of the project. The process 

of dividing into subcategories according to similarities and functions of the 

components in a pallet gives data that the main problems are located in the third 

component, the "control points". The contact points are the features that have no 

similarity between them and are the parts that are "modified and added" to the base. 

Both this base and the contact surface, as well as the handles, as the operator's contact 

mode, are necessary for its functionality and use.    
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5 SPECIFICATIONS 

 

The research and problem statement provides the major insights that will be taken into 

account to translate them into the requirement list of product specification 

development. With the problem statement and the research information of the project, 

the main insight is discovered: the adaptation of the different geometries to the 

support units. There are at least five irregular shapes, two organic and three 

orthogonal. These do not share regular shapes. The engine parts have different 

measurements and do not share a standard measurement, but each part is correlated 

with another, so there is an insight to the scalability. 

 

Finally, the main ideas that prove the need for a change in the plant within the two 

areas mentioned above; expensive materials, work-time to create support units. It is 

directly related to the main Volvo pillars to check in each development of new 

projects: the improvement of the efficiency, reducing lead time and the derived costs. 

This is represented in a diagram of values with 6 pillars, to improve the 3 main pillars 

(efficiency, time, cost) that Volvo logistics department suggest to have present during 

the concept generation of ideas. The pillars to achieve for the project in the solution of 

the pallet based in biomimicry is shown in  Fig. 31, giving a framework with the 

minimum requirements to know if the concept solves the main pillars targeted to 

achieve during this project 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

EFFICIENCY 

TIME COST 

MODULATION 
SCALABILITY 

GEOMETRICAL ADAPTABILITY 
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After making the preliminary study and having the inputs addressed on the project it 

is also necessary to maintain a flat surface that can that can slide on the rollers. This is 

so that the entire process is not altered while trying to solve the main problematics of 

the pallets. Creating a new issue in the whole touchpoints of interaction with the pallet 

would be counterproductive to the goals of the project. 

 

The handles can remain a constant factor as the ergonomics is already supported by 

the ergonomic requirements for Volvo workers according to the logistics department 

informed during the preliminary study and their presence will not affect the solution. 

 

The supports need to hold the engine parts during the process of transportation but 

need to be flexible to different geometries and adapt to the constant changes in the 

engine parts, without having a full modification. 

 

The information mentioned above are specifications that should be taken into account 

during the development of the project, in order to have an accurate result, but it was 

also made a preliminary list of requirements in order to have a guideline for the 

product development (Ulrich, 2008). 
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5.1 REQUIREMENT LIST 

HÖGSKOLAN I SKÖVDE  

VOLVO 

Requirement List 

Project : NEW  DYNAMIC PALLET 
 Responsible: 

Israel Paredes Almaraz 

Changes D/W Requirements Evaluation method 
  

D 

D 

W/D 

 

 

D 

W 

W 

 

 

D 

 

 

 

D 

W 

W/D 

 

 

D 

W 

W 

W 

 

 

D 

 

 

D 

 

 

W 

W 

 

GEOMETRY:  

Adaptable between parts 

Modular 

Biomimicry approach 

 

 

KINEMATICS: 

Easy interaction 

Fast to module 

Adjustable  position 

 

FORCES: 

Weight < 3 kg 

 

FUNCTION: 

Adaptable to different geometries 

Scalable 

Biomimicry approach 

 

MATERIAL: 

Sustainable 

Biodegradable 

Partly Recycled 

Environmental caring 

 

SAFETY: 

Operator safety 

 

ERGONOMICS: 

Intuitive to the use 

 

AESTHETICS: 

Industrial appearance  

Simple / Minimal 

 

  

# of parts 

Yes / No 

Yes / No 

 

 

 

Yes / No 

Yes / No 

Yes / No + # 

positions 

 

 

Measurement  Kg 

 

 

Yes / No 

Yes / No 

Yes / No 

 

Yes / No Values of... 

Yes / No 

Yes / No % of 

material 

Yes / No 

 

 

Yes / No 

 

Yes / No 

 

 

 

Yes / No 

Yes / No  
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6 CONCEPT DEVELOPMENT 

 

The next solution development phase is used to design an intervention based on 

design principles suggested in the literature to address the problem or to propose a 

new strategy, analyze and redesign the intervention by following multiple iterations 

(Yilmaz, et al., 2016). This chapter is extensive and very important to show the whole 

process of concept development and the creative process of the project; as it is an 

iterative process with design-evaluate-redesign (Yilmaz, et al., 2016), the generation 

of ideas and the selection of the optimal concept is a combined process, so there is no 

separation of chapters. 

6.1 CONCEPT GENERATION 

 

Concept generation is a very significant process in design projects that seek to 

innovate since it is here where the highest potential of a creative process is frequently 

developed (Pritzker & Runco, 2011). This does not mean that this generation of ideas 

begins necessarily once the research is finished as suggested by the methodology 

used. Ideas may emerge before the time established for the concept generation phase, 

which happened in this project. The generation of ideas was started during the 

investigation of the key concepts of biology and function; where "referential 

sketches" were elaborated which are used to communicate concepts with relevant 

information (sometimes metaphorical) for their later development (Evans, et al., 

2010) as part of the cognitive process (Cross, 2006), to schematize the definitions as 

well as to understand and rationalize the information.          

  

 

 

 

 

 

Fig.  31 Sketches of analysis of the pallets. 
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Fig.  32 Sketches made during the research and preliminary study to explore ideas. 
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This also allows us to retain the information obtained or develop new interesting ideas 

through further development. Furthermore, they serve as graphical memory during the 

process, since when obtaining information from sources that are not frequent in the 

field of designers; it is common to forget many ideas that are born at the beginning of 

a project which thus allows considerably more attention to detail in a visual way 

during the research process. Showing the work process in idea generation of this 

section emphasizes the divergent process and creativity as an essential factor in the 

development of the concept.  

 

In this way, it is possible to sequence the information and it is used to transform the 

ideas to a graphic language during the whole project, as shown in Fig 33 sketches, 

being something familiar in the creative process of the designers (Brown, 2009). This 

confirms the intrinsic application of divergent thinking in the creative process from 

the moment the information is understood to the moment it is applied. In the Fig.34 

sketches, the different possible solutions in nature are observed, enabling the ability to 

obtain data from it and additionally serve as inspiration for the brainstorming of new 

ideas. 

 

 

Fig.  33 Sketches made to understand the main objectives as a concepts in the space. 
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Following the early idea generation, the pallet analysis process provides new 

information to be taken into account. After the discoveries shown in section 4.4., the 

generation of ideas was directed almost exclusively to the "control points", since the 

idea of focusing on solving the component that generates the main problems in the 

pallets at a functional level will allow better development of the concept at a detailed 

level. The generation of ideas remains free (divergent thinking) and is aimed at a 

specific goal, flexible to different geometries at the control points (convergent 

thinking). In this way, the stated design methodology is followed. 

 

The design process in the generation of ideas (Fig. 35)continues with the great 

challenge of applying biomimicry. As already mentioned, the generation of ideas 

begins to develop from the research following a conceptual point of view of how to 

transfer the properties of a living being to the solution. 

 

 

 

Fig.  34 Sketches to visualizate  modulation of different ideas of points of control. 

 

 

A design can be limited by relying on a photograph or 2D analysis of selected 

microorganisms (radiolarian and diatom) that can only be observed under a 

microscope. Therefore, as part of concept generation, a SolidWorks model was 
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created for computer visualization, and a physical model (rapid prototyping) was 

created using 3D printing technology to create a tangible model of the idea. This 

helped to achieve cognitive analysis without limiting itself to graphical visualizations, 

also made the representation of ideas more accessible in 3D, and gave more inputs to 

continue in the concept generation.  On this project, SolidWorks is used because it is a 

parametric program that allows the creation of complex shapes with high accuracy, 

also because of the easy access and usability interface that creates a world of 

possibilities in the development of three-dimensional shape modeling, as well as 

because it is a software developer with a high focus on the development of industrial 

products, and it is appropriate if it would like to bring this project to the production in 

the future. 

 

 

 

 

 

 

The process of concept generation (Fig. 36) at this stage had already helped bring 

forth many insights for the development of the project, but there was a lack of 

convergence between the developed elements. This is due to the discovery of the 

structures of radiolarian and diatom which allowed us to obtain the excellent 

properties of a structure sufficiently resistant and with great optimization of the use of 

material, but which did not meet the vital principle of geometric adaptability. 

 

Hence, it is understood that the main problem of the adaptability of forms falls almost 

entirely on the supports designed, known in this project as "control points". The 

solution is based on a structure that is taken from the radiolarian and diatom, due to its 

Fig.  35 Rapid prototyping as a visualization from 2D to 3D of the radiolarians. 
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high capacity for adaptability in its environment (Fig 37), as well as its modular 

nature. Additionally, its structure has an optimal distribution of its material to the 

forces that are distributed in it. The necessary flexibility can be obtained from a 

material previously analyzed for its mechanical properties see Fig 38 and Fig. 39. 

 

 

 

Fig.  36 Sketches that shown  the cognitive process of understanding flexibility and absorption in 
space. 
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Fig.  37 Sketches made to understand the concepts of the application radiolaria 

 

 

6.1.1 FROM RAPID PROTOTYPING TO MANUFACTURING PROCESS 

 

This communion of ideas generates another design stage in which an in-depth 

analysis of the structure is explored and the product is designed for future 

implementation .This process was accompanied by sketches of different types that 

graphically narrate the analysis, as well as the use of additive manufacturing, thus. 

The 3D printing process, which is no longer used only as an approach to the desired 

product if it is not part of the product conception. 

 

By no longer seeing the prototyping process as a visualization solution and more as a 

product implementation or operational model (Evans, et al., 2010) that is directly 
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linked to the product's performance. It carries behind it a great deal of detailed work, 

both cognitively and physically essential, and during this stage of product 

development, there were many flaws, which allowed all the tests done and their flaws 

to be analysed in order to arrive at the optimal result.  

 

It is very important to mention these errors because they show all the failures which 

then became the optimal result, the process of failure and error is an iterative process, 

not full of personal satisfaction to anyone, but great constancy leads the project to the 

right path. This type of testing process where there are errors to get to the right path is 

very common within innovation, so  consistency  is a very important part of the work 

and analytical capacity and observation in those errors allow us to reach the best 

result.  

 

These errors in the additive manufacturing process occurred due to several factors, so 

after all the failures it is concluded that the main factors to take into account to reduce 

that failure are: 

 

- The design: The most critical factor is to have a correct design, that is to say, that 

even with the infinity of possibilities of creation by this type of process, the design 

must be developed in a suitable way. If an observation must be made with a tangible 

product, the design must be thought and guided correctly to that end. 

 

- CAD modelling: All 3D printing processes must previously go through a design in 

some preferred software. All design parameters must be observed, from the units to 

the possible manufacturing feasibility. 

 

- Material: The material helps to direct the type of printing process or vice versa, so it 

is very helpful to know whether the desired design is accompanied by a specific 

material or is sought to obtain specific characteristics and the material will be chosen 

according to the type of printing process used in case the process has material 

variants. 

 

- Type of printing process: This is one of the most relevant factors, if not the most 

important to analyse in the use of this type of technology (Lipson & Kurman, 2013). 
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As mentioned above in the section about material research each project has different 

variables and it is common to associate a 3D printer with the FDM process. Which is 

the most used in rapid prototyping (Gebhardt, 2011). However many times the 

complexity of the design the desired materials or the desired mechanical properties 

cannot be obtained in the same way in all processes see Fig. 40. 

 

 

Fig.  38 Rapid prototyping sample 

 

- Software: After working in the project with different brands of 3D printers and 

different interfaces. The processes itself suggested during the development of the 

project to recognize that sometimes each type of process has different settings and 

specifications in the program used between the CAD model design and the specific 

software for each 3D printer. Therefore the software requirements and the parameters 

to be used should be analyzed according to each material, if the printer allows 

different types of material to be used. In addition to user-friendly interfaces and more 

complex ones, much depends on the printing process. (Lipson & Kurman, 2013). 

 

- Hardware: If a third party does not perform the printing process (as in many cases 

happens at a production level of this type} it is important to check that the hardware 
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(3D printer) is in optimal working conditions, because if it has failures in an internal 

component or its performance, it will be reflected in the desired quality.  

 

- Time: It seems to be a factor that is taken for granted in each process, but each 3D 

printer has different characteristics. When looking to obtain a product based on an 

additive manufacturing process it is essential to know that both the complexity of the 

design and the desired quality will be reflected in the time needed to obtain a tangible 

product. The better the efficiency of the parameters mentioned above the less the time 

taken to obtain the physical product. For example, the design of Fig.40 took 

approximately 4 hours of work in CAD modelling, half an hour in the use of 3D 

printer software and 25 hours of 3D printing process with average quality. This model 

only served to check if the printer is  able to print a complex shape with a flexible 

material with the most similar shapes to the desired final design and observe the 

mechanical properties, but it was not the final design 

.  

 

 

Fig.  39 Complex geometry based in diatom on flexible material. 

 

As a conclusion to create the symbiosis between the use of the additive manufacturing 

process and the desired characteristics of the design inspired by nature is a great 

challenge, so it is highly recommended to analyze it as a whole at each stage of the 

design and not as separate elements. 

    

Continuing with the development of the concept (Fig 41), the following images show 

the whole process of cognitive analysis during each different stage while obtaining 
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different results in 3D impressions. It is also useful to create different variations of the 

sketched concepts and to get a different and more realistic perception of 

proportions/geometry. 

 

 

Fig.  40 Final evaluation in sketches to develop final concepts. 

 

 

6.2 CONCEPT SELECTION 

 

Concept selection is the process of evaluating concepts with respect to customer 

needs and other criteria, comparing the relative strengths and weaknesses of the 

concepts, and selecting one or more concepts for further investigation, testing or 

development (Ulrich & Eppinger, 2008). For this phase each stage was supervised on 

different occasions by Volvo. The concept was selected in collaboration with Volvo 

according to the above mentioned diverse criteria. The selection followed a method 

that would allow comparing the relative strengths and weaknesses of the concepts. 

For this reason the process of concept selection was made during the whole 
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development of the idea by the trial and error and the analysis already mentioned. 

That has resulted in the radiolarians being the best approach to solve the problem at 

this stage.  

 

Fig.  41 Visualization of prototypes with some fails examples that drives to discover the right path. 

 

The concept selection that solves the problematics in the supports is the radiolarian 

points of control, this because having a rigid nucleus can concentrate all the forces 

directly to the center of the body. The arms give support with rigid mechanical 

properties but at the same time the cover of the structure allows having the required 

flexibility and divides all the forces within the structure.  

 
Fig.  42 Final prototype that demonstrates the desired solution of the objectives.
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7 RESULTS 

 

The final result is a concept that fulfills the objectives with an integrated whole 

system based on biomimicry that follows the specifications of the project. It is a 

solution that will be easily adapted to the different touchpoints of the current pallets.  

Have flat base to slide properly in the rollers of the trolleys and also with a base 

inspired in a honeycomb allows the modularity and movement with the different 

supports using with pins easy attachable. As a result of the concept of radiolarian 

chosen, it is decided that the development of the control points, is what solves the 

problem generated in the pallets since it is a module that allows being scalable. 

 

 
Fig.  43. Demonstrative visualization of the pallet as a system with all the components. 
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Fig.  44 Detailed visualization of the final design in one of the possible arrangements for use. 

 

 

Fig.  45 Elements of the different parts of the whole system. 
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MATERIALS AND NEW MANUFACTURE IN SITU PROCESS 
 

 

Additive Manufacturing as a new way of creating the points of control to improve the 

efficiency by replacing the long process of manufacturing for modification of control 

points. With a 3D printer in the workshop, it is only necessary to print the file of the 

points of control desired and the software of the printer is able to modify the scale of 

the product.  The idea of implementing the use of a 3D printer in the workshop is 

Volvo's idea since observing the benefits already mentioned generates versatility in 

production and new approach to introduce better technologies and enhance a fruitive 

work. Also the solution is looking in each element the most sustainable solution, 

starting from the approach asked by the stakeholders. The solution of the points of 

controls gives the duality of a rigid structure with optimization of materials and 

flexibility obtained through the material used. TPU is selected as a flexible material as 

it is also a biodegradable material and eco-friendly, following the pillars of this 

project. 

 

 

Fig.  46 Thanks to its freedom in arrangements the possibilities to accommodate any piece are 
almost infinite. 
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Fig.  47 .Complex forms can be created using organic flows in the grid. 

 

 

The final concept prototype is modular, has adjustable control points among the 

surface of the honeycomb with the easy attachable points of control, and allows 

scalability of the product. 3 different sizes of supports were developed in order to 

create a combination and adapt to the complex variety of geometries of the engine 

parts. The handles are the same shape already used and approved by the ergonomic 

standards for Volvo. A pin is added to adapt in different parts of  the base. As seen in 

Fig. 48 and Fig 49. 
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Fig.  48 Final rendering in context with a proposal of use 

 



 74 

 

In order to select a final product, different new visualizations and variations of the 

structures of diatom and radiolarian were developed and had short tests with the 

specification list as a guide. 

 

The resolution of the control points allows them to be implemented in the first phase 

by adding them to the new nylon bases they already have, with the search to generate 

their own with a design of the base that can also be efficient in terms of optimization 

of materials.  In addition to the lightness that could occur if there is a design that the 

control points have different positions of accommodation, this will also create that the 

control points are modular, solving all the problems. Generate a modular design on 

each pallet  could adapt to each new change in a dynamic way with great possibilities 

of grids. 

 

Finally, CAD modelled designs are made together with high quality renders that allow 

us to appreciate the final concept that meets the characteristics of the objectives. It 

was decided as a first concept to leave the handles that are already in use of the new 

pallets because ergonomics was already approved previously in the last pallets 

designed and the project seeks to focus more on the design of a base with radiolaria 

modules. 

After researching various biological subjects, microbiology provides two main 

possible solutions which are appropriate for the project. Radiolarias are 

microorganisms that as small life-forms teach us the principle of the microscopic 

cellular structure of the unicellular organisms. Their structure represents several 

functionalities linked to the necessities of the new pallet such as durability, flexibility 

and modulation . They have rigid frame and geometrical adaptability, as is needed in 

the new supports, but that is made of Silica and they change with a natural process 

that was taken that as a solution but in the production process and are translated to the 

project, with a successful resultant with problems during the process but with an 

understanding how to manage in a proper manner, for further projects. 
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8 DISCUSSION 

 

This chapter is related to the reflections seen during the process of the project and also 

serves as a conclusion to discuss the opportunities that can be discovered using 

biomimicry in further projects in the fields of design and engineering. 

 

Also one particular suggestion that appears during the development of the project 

and  is a recommendation that projects within biomimicry is that it should be 

developed in a multidisciplinary team. This in order to gain different perspectives and 

ideas as well as make space for discussing the manner to apply approaches of nature 

in an accurate way. Also for professional projects, a biologist who can answer major 

questions should be essential to this team as they could provide insight with their 

knowledge and understanding of vocabulary and concepts within their field. 

 

During the project development it was found that the methodology selected from the 

beginning was not appropriate for the total development of the project because 

applying systems of the nature as a solution it is not common in industry. So it was 

decided to create a hybrid after discovering the biomimicry design spiral. Even if that 

leads to a jump during the project among the two methods, which can be seen as a 

failure of the project, but discovering that option to jump can allow for broader 

opportunities 

 

Another inconvenience of the project was the lack of time in the 3D printing phases 

during the prototyping as visualization and also for testing the concepts. It took a lot 

of effort to wait for the prints and to implement the technology properly and have 

proof to understand if the principle that is sought to explore is good enough or is not a 

right solution. Some failures while printing with flexible filaments were caused by the 

printer, so talking with the supervisor at the company it was decided to send the 

design to an expert 3D printing company in order to proof as a whole system, and also 

to send to other department of Volvo Trucks, at least to have the entire prototype as a 

physical visualization. So once the final prototype will be finished, some other 

statements should be done such as test where the resistance of the system could be 

tested and where the users could interact with the pallet and the engines.  
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That will allow to prove better the results in the whole system, since the proof of 

adaptability to different geometries it was already achieve in a prototype of the 

radiolarians points of control. Moreover, that processes should be tested and checked 

also for experts in mechanics to develop the most accurate solution. As a next internal 

step Volvo's stakeholders want to develop this project further, to see the feasibility of 

introducing the solution into the plant and to test with different metrics by the 

logistics department, which throughout their use can be evaluated.  

 

A very important conclusion in this specific project is that there was an analysis of the 

different systems in the nature that allows to achieve a good project. The research it 

was very enjoyable thanks to having clear objectives to fulfill. To be able to have very 

clear the desired functions as concepts and to be guided in the obtaining of 

information by the research itself. Lastly it can be appreciated that having an iterative 

process of cognitive analysis as much when reading-understanding to as a visual 

process of comprehension of the information through the sketches aims to create a 

conscious result at each stage of the process. 

 

After developing this project it is addressed that the problem statement should always 

have more context about the topics to solve, this in order to achieve an accurate 

solution , was seen in this project after fail to choose a design method without 

knowledge of biomimicry, after having a better understanding of the context allows to 

follow a more accurate method, at the end that creates a hybrid of a method but during 

the project was difficult to work with two methodologies jumping into each other. 

The important part of a methodology is to show what is made and how to achieve the 

result, so that if someone replicate that process will create the same solution or a 

solution related with the same values/principles.  

 

Biomimicry as a design approach for this project was really incredible, because it 

provided the opportunity to use a creative solution in the field of industrial processes, 

to boost new sustainable ideas. Getting involved in the knowledge of this type of 

solutions makes one feel humble in the perspective of thinking as a design engineer 

student. With each life-form found during the process, it is proved that there are a lot 

of solutions to our current problems in any field. Sometimes the most simple and 

easiest forms to performance are forgotten. Biomimicry is a simple mindset that leads 



 77 

you to be more sensitive to nature and try to explore the real value of designers 

improving human life and societies. 

 

One of the advantages of using energy-efficient design like biomimicry is that a 

product that is far smaller than competitive products can be engineered. That means 

that we can use less materials and less power, with the same design principles that 

Nature has been using for billions of years. Therefore, the use of biomimicry gives the 

project a sustainable thinking from the beginning. During all the development phases, 

it was a core of each possible solution from the concept generation to the final result. 

 

One of the cores of the design process of the project are the sketches. Those are vital 

to the project. They are more than just a tool for visualization, as they may seem to 

be. They serve the purpose of being an internal dialogue of the designer leading them 

to better understand processes and concepts. This can be seen in Section 4.2, where 

the understanding of the manufacturing line is explained with some sketches. It is also 

shown in Section 6, where is used as a way of communicating concepts and 

explaining them in a visual way to others. 

 

This project really values and takes into account sustainability during all the 

development phases; it was a core of each possible solution from the concept 

generation to the final result.  

 

As a final, short idea are summarized: 

 

- Biomimicry enhances creativity in product development before discovering the    

approach. 

- Makes you more conscious. 

- Lead us to think as a community. 

- Sustainable solution, reusable, fruitive work. 

- 3D printing could be really good process to develop final products. 

 

I finish this discussion taking a quote from one of the sources used during the process. 

“Design is about creating artifacts to satisfy a usage need in a language that can 

facilitate a dialog between the creator of the artifact and the user ” (Harston & S. Pyla, 

2012). 
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