
 

 

Additive Manufacturing and its Potential Impact/Effect on Craft 

Practice 

 

 

 

 

Samuel Canning  

BBE, GDID 

 

 

 

 

Queensland College of Art 

Arts Education and Law 

Griffith University 

 

 

 

 

 

 

 

Submitted in fulfilment of the requirements of the degree of  

Doctor of Philosophy 

September 2016 



 

 

Abstract 
  

Additive manufacturing (or 3D printing) broadly refers to a group of technologies that create objects 

using material deposition rather than by reductive means, which describes most means of traditional 

manufacturing. This study is interested in the use of these additive manufacturing technologies by 

craftspeople located around the world. Craft practice has a tendency to be associated with manual 

processes and not with technology. This study questions whether these ideas are relevant to a new 

generation of craftspeople. The studio component of this study aims to push the boundaries of what 

is possible to create using additive manufacturing and the related technology of computer-aided 

design (CAD).These examples, which take the form of a baseball hat and a gown, are deliberately 

complex in nature in order to push the technology to its very limits. The baseball hat is significant for 

sheer complexity of a single 3d printed part, while the gown represents the World’s first full length 

evening dress printed as a single part. These works inform the theoretical exegetical part of this 

study and form a backdrop to the findings/conclusions of this study.   
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Introduction 
  

This project attempts to advance our understanding of the particular problems and benefits 

associated with new technology to the designing and making or crafting of objects. Because the 

study confronts historical and contemporary debates over the status or identity of artisans in the 

technical production of objects of cultural value, it will have particular interest for craftspeople, 

artisans and designers. As an evaluative exercise, it offers potential benchmarks or reference points 

for individual practitioners in these fields. The research question is as follows:  

 

How can the emerging advanced technology of additive manufacturing enhance the practices of 

experienced Australian craftspeople, designers and artisans if it continues to develop over the next 

five years as it has over the last five years?  

 

The emerging field of additive manufacturing, or 3D printing, has the potential to revolutionise the 

way that many objects are made.1 This field, which encompasses many technologies, is rapidly 

advancing, with almost daily advances in machine technology, material availability, and speed of 

production, all of which potentially alter the viability or application of these technologies.  

 

Associating craftspeople, artisans and designers with the advanced technology of 3D printing might 

immediately evoke the old opposition between the handmade and the machine made. However, 

this research argues that such technology offers great potential benefits to these groups. This 

exegesis will examine these benefits in detail in an attempt to provide new knowledge that can 

contribute to the future practice of these groups and the future discourse within this field. 

Concretely, this exegesis will offer the following contributions:  

 

 A historical analysis and clarification of existing craft theory 

 A contribution to craft theory regarding the inclusion of technology 

 Suggestions for current and future craft practitioners  

 An identification of key points of advantage regarding 3D printing to practitioners within the 

chosen group 

 An analysis of workflow regarding 3D printing  

 

Because of the importance of the studio production in this study, the exegesis literally foregrounds 

the studio work; after providing a brief overview of the research methodology in the first chapter, 

the second chapter describes the first studio sample undertaken as part of this project. Following 

the studio sample is a thorough analysis of literature regarding craft and associated theory. This 

review includes historical perspectives through to more contemporary ideas of what constitutes true 

craft practice. The core component of this doctorate is the studio research, or practice-led 

methodology, which has involved intensive and reflective production of two key and significant 

                                                           
1
 Paul Markillie, “A Third Industrial Revolution,” The Economist, 21 April 2012.  
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projects that support the ultimate findings. This exegetical component will outline and analyse these 

and other selected case studies and position this investigation within the historical and 

contemporary framework of the crafted object.  

 

The literature review is followed by a detailed description of the major piece of studio work that was 

produced for this study: the World’s first full length evening dress printed as a single part. The 

exegesis concludes by responding to the research question with a thorough analysis of the potential 

for the technology of 3D printing to enhance the practices of craft practitioners. Included in this 

chapter are both theoretical and practical issues that are discussed in light of my studio output.  
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CHAPTER 1 

Research Methodology 

 

Because so little is known about the topic of 3D printing and its employment and potential as a tool 

for craft practitioners, this project is one of the first academic studies of its kind. As a result of the 

infancy of this field, specific published literature in this area has been hard to find. Thus, rather than 

being the continuation of an existing line of enquiry, this study is placed at the vanguard within this 

exciting new field and has consequently drawn on research sources from a wide variety of fields in 

order to formulate theories and create new knowledge.  

 

This PhD study consists of two interlinked components: a studio, practice-based component and this 

theoretical exegetical component. The studio-based component challenges the current usage of the 

technologies of computer-aided design (CAD) and 3D printing by embedding craft values and 

practices into artefacts that are created through these technologies. As I will demonstrate, these 

objects showcase the unique opportunities and capabilities presented by the combination of these 

technologies and provide a platform from which these skills can be valued outside of their previous 

industrial contexts. For the studio component of this study there will be at least one complex 

exploratory piece of design work prior to a major piece of studio work for this study. The aim of 

these artefacts is to explore a pathway to where these technologies may lead in the right hands. This 

exegetical component combines theoretical research, documentation of process, and reflective 

practice.  

 

This chapter will explain the research methodology that was applied to this study, one that fits into 

the broad field of design research. William Gaver describes design research as being pre-

paradigmatic, where no dominant theory or underlying way of working has been established.2 As a 

result, the discipline has been classified into different strategies by many researchers. Christopher 

Frayling has identified the following three activities within design research: “research into design”, 

which studies design history, aesthetics, philosophy, and theory; “research through design”, which 

uses design as a method of discovery, including action research where a diary is kept throughout the 

research period; and “research for design”, which is classified as research that contributes to the 

creation of an object which is the final goal.3 These classifications are similar to Daniel Fallman’s 

examples of “design-oriented research” and “research-oriented design”; in the former, “research is 

the area and design the means”, while in the latter, “design is the area and research the means”.4 In 

design-orientated research, the knowledge generated through creation of an artefact would be 

difficult to gather without the designed artefact. 

 

                                                           
2
 William Gaver, “What Should We Expect from Research through Design?” Proceedings of Computer-Human 

Interaction Conference, 2012, http://teaching.paulos.net/cs160_FL2013/images/d/de/P937-gaver.pdf. 
3
 Christopher Frayling, “Research in Art and Design,” Royal College of Art Research Papers 1, no. 1 (1993): 1–5. 

4
 Daniel Fallman, “Why Research-Orientated Design Isn’t Design-Oriented Research: On the Tensions between 

Design and Research in an Implicit Design Discipline,” Knowledge, Technology & Policy 20, no. 3 (2007): 195. 
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This study has applied Frayling’s strategies of research for design (RfD) and research through design 

(RtD) as the methodologies to be applied to this study. In the fashion suggested by Connie Golsteijn 

et al., these two strategies will be employed throughout working together to inform each other.5  

 

 

 

Fig. 1 Using RfD and RtD together: findings from one activity can inform further work in the other; adapted 

from Connie Golsteijn, Elise van den Hoven, David Frohlich, and Abigail Sellen, “Reflections on Craft Research 

for and through Design,” Proceedings of the 8th Nordic Conference on Human-Computer Interaction: Fun, Fast, 

Foundational, 2014. 

 

Golsteijn et al. describe design research as being: 

 

Embedded in social and personal contexts, and deals with peoples personal interests and 
mental processes; which makes it very difficult to generalise. Further the large diversity of 
craft practices—the diverse possibilities of crafting, the different practices people engage in, 
the different things they make, and the ways they do this—makes it difficult to break these 
up into measurable entities.6 

 

This research has used the combined strategies of RfD and RtD in an effort to create new knowledge 

about the exciting emerging field of 3D printing and its use and potential within a craft context. Prior 

to engaging in the RtD process, I undertook a thorough investigation of existing craft theory, which 

will be discussed in Chapter 3. These initial activities, which can be described as the literature 

review, loosely fall into the RfD process and they informed the subsequent RtD process. These initial 

activities could possibly be classified as Frayling’s “research about design” but because one of the 

primary outcomes of this project is a physical design or designs, I consider them to be RfD.  

  

Because the use of 3D printing in craft practice is not yet widespread, it was not a phenomenon that 

could be studied through the research methodologies of observation and interview, which is another 

reason for choosing the strategy of RtD/RfD. As Golsteijn et al. assert, RfD/RtD is an appropriate 

                                                           
5
 Connie Golsteijn, Elise van den Hoven, David Frohlich, and Abigail Sellen, “Reflections on Craft Research for 

and through Design,” Proceedings of the 8th Nordic Conference on Human-Computer Interaction: Fun, Fast, 
Foundational, 2014, 423. 
6
 Ibid. 
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research methodology when exploring novel research topics.7 New practitioners may find it difficult 

to imagine how these new theories may work at a high level of abstraction if they have not 

encountered anything similar before. In these situations, the physical/digital manifestation of an 

artefact will provide the necessary clarity to convey these ideas to the world at large.  

  

I began this research with the (well-founded) anticipation that the RfD process would continue 

throughout the study and feed back into the RtD process as more insight was gained into the nature 

of the artefacts that were to be designed for this study. As described by Golsteijn et al., RfD/RtD can 

lead to both concrete and abstract findings depending on how it is used, but RtD on its own can only 

lead to concrete findings and cannot on its own reach a level of abstraction required for the 

theoretical component of this PhD study. This can only be achieved by employing RfD in conjunction 

with RtD.8 Because the practical engagement in this project that combines both sides of this RtD/RfD 

strategy is so central, the next chapter will outline the first model produced by this strategy.  

 

 

 

 

                                                           
7
 Ibid. 

8
 Ibid., 429. 
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Chapter 2 Studio Sample: The Peacemaker 

 

2.1 Introduction 

This chapter will examine in detail one of the studio samples that was created as part of this doctoral 

research. The guiding principle for this studio sample was that it had to showcase the unique 

capabilities of the 3D printing process. Before detailing the process of creating the work, I will briefly 

outline the background behind its production. On 13 February 2013, I presented progress of my 

work in this study to an audience of industry professionals, academics and government officials at a 

conference held by Griffith University, Materialise, and Queensland Manufacturing Institute (QMI) at 

the Edge, State Library of Queensland, Brisbane. Present at the conference was the CEO of 

Materialise Asia Pacific, Mr Wim Michaels. After seeing this presentation, Mr Michaels invited me to 

present at the Materialise Asia Pacific Conference being held in Kuala Lumpur on 14–15 June 2013, 

to which I accepted.  

 

As part of the conference, a fashion show was to be held showcasing a collection of 3D printed 

fashion items designed by world-renowned Malaysian fashion designer Melinda Looi. A fashion 

accessory challenge had been issued to designers worldwide, the theme of which was birds, and the 

winning designs would be displayed as part of the fashion show, alongside fashions by Melinda Looi, 

on the evening of 14 June. I decided to use this opportunity to develop a major piece of work to 

enter into this challenge, and to use it and the process of its development as the basis of my 

presentation for the Asia Pacific Conference.  

 

Rules for the competition were that the designs had to be 3D printed in White Polyamide (Nylon) 

and were to be able to fit inside a 200mm x 200mm x 200mm bounding box. This bounding box 

represents the maximum build envelope of the particular machine that the winning designs were to 

be printed on. As will be evidenced in this exegesis, size is a very important consideration when 

designing for 3D printing.  

 

 

Fig. 2 Materialise Birds Challenge, 2013, https://i.materialise.com/blog/accessory-challenge-be-inspired-by-

birds, accessed 15 March 2013. 

 

This chapter will explain in detail the process of designing this entry for the Materialise Accessory 

Design Challenge. The Challenge was issued on 8 March 2013 and final entries were to be submitted 

to materialise by 7 May 2013. This represents a relatively short time to fit in all aspects of the design 

process and therefore serves as an excellent case study for this exegesis.  
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2.2 Design Process 

The design process began with a period of brainstorming and documentation of ideas, no matter 

how outlandish. Time allocated to this stage of the process was approximately one week and it took 

the form of a written list of all possible outcomes: a scanned image of the brainstorming list is shown 

in Fig. 3. 

 

 

 Fig. 3 Brainstorming Process  

 

Through this process, I selected two designs for further development (as indicated by the circled 

elements in Fig. 3), which were a collapsible fan shaped like a stylised bird wing and a baseball cap 

covered in multiple moveable feathers. At this stage, it was anticipated that both of these entries 

would be modelled and submitted to the design challenge. The baseball cap was chosen as the 

preferred concept and the first to model due to this object’s prominent place in global culture and 

overall universal appeal. In the end, time constraints and the sheer complexity of the modelling task 

meant that only this design was completed and it was named The Peacemaker. 

  

As an exemplar of design that maximised the potential of 3D printing, a baseball cap covered in a 

multiplicity of hinged feathers that required no assembly was also an important consideration in the 

choice of this concept. The sheer number of feathers and hinges would highlight the unique 

potential of the 3D printing process.  
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Other factors that influenced the decision to choose the cap were the apparent dichotomy of the 

brilliant white colour of the specified build material (Polyamide) and its association with the White 

Dove of peace and the baseball cap’s association with street/gangster culture. The name 

Peacemaker was also selected for this reason (i.e., the apparent juxtaposition of white/peace and 

the street/gangster nature of the baseball cap). An additional (and important) factor in choosing the 

name Peacemaker was the native American Indian Legend of the Great Peacemaker, otherwise 

known as Deganawida (The Heavenly Messenger), and his historical associations with peace and the 

white dove.3  

 

At this point, the concept was little more than a rough idea. Sketching was used to quickly develop 

the idea to a point where CAD could be used to test the feasibility of the concept. Hand sketching 

was used (Figs. 4–5) to further refine the idea and how the individual feathers may be placed in 

relation to each other.  Significantly sketching is used as a method of generating and exploring ideas 

as would be the case with traditional craft practice.  

 

Fig. 4 Sketch Development 

 

The outside pattern of the feathers would dictate the inner mechanical workings of the design. A 

number of feather pattern designs were sketched, including a stylised geometric feather design 

influenced by 1930s Art Deco designs, such as the Chrysler Building, shown on the left in Fig. 4.  

 

                                                           
3
 “Great Peacemaker,” Wikipedia, last updated 16 May 2016,  

https://en.wikipedia.org/wiki/Great_Peacemaker.  
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Fig. 5 Sketch Development, Feather Pattern Design 

 

The chosen design for the patterning is shown on the right in Fig. 5. It is a softer stylised feather 

design softer than the harsh geometry of the Art Deco–influenced design on the left. It interlocks in 

a similar fashion to roof shingles, which ensures that it will not easily allow water into the inside of 

the cap and as a result will protect the wearer as much as possible. 

  

If the individual feathers were to move, there had to be a hinge system sitting behind each individual 

feather. This would need to be explored and resolved as much as possible using hand sketches 

before taking the design into CAD. Hand sketching is an extremely efficient method for exploring 

ideas quickly.  

 

Fig. 6 Sketch Development, Hinge Mechanism Ideation 
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Initial studies in Solidworks to test if a viable design (i.e., one that would fit an actual head) could be 

fitted into the specified measurements of the bounding box were undertaken. These tests were 

undertaken quickly using the available resources in order to avoid wasting time. My head was 

measured and these measurements were transferred into Solidworks CAD Software. A simple test 

was performed using an A4 printed sheet with a circle the diameter of my head (Fig. 7).  Importantly 

the use of basic physical models to test the viability of a desing is no different in the process using 3D 

printing as it would be using any more traditional process. 

 

Fig. 7 Rudimentary Model Making, Head Size Evaluation 

 

From this simple model, it was determined that The Peacemaker was a viable proposition as it was 

highly likely to fit into the specified build envelope (in the end, the design fitted into the bounding 

box in the X/Y axis with less than 0.5mm clearance).  

 

The spatial constraints of the build dictated that the peak of the cap needed to be built as a separate 

part and attached to the body of the cap after the build, using snap fits. The Peacemaker is designed 

to showcase the unique capabilities of 3D printing, and in particular how the process is capable of 

creating captive parts (which are parts that are permanently interlocked with other parts and 

require no assembly).4  

 

From this point, the process moved into CAD, where it was decided to make an exploratory model 

(often called hack models), which is common practice in industrial design projects. The hack model 

serves as a rapid means to test various modelling strategies without any emphasis on the model 

being used for production. The designer can forge ahead quickly, creating 3D geometry to quickly 

test sections of the design that would normally take hours, days, or possibly even weeks to reach if a 

production/final model were being built. Fig. 8A displays the tessellation of the individual feather 

elements and the boundary conditions between the feathers. Fig. 8B displays one feather in a closed 

position, a fully open position, and an intermediate position. This test was undertaken to ascertain 

                                                           
4
 Materialise, Moving Parts, https://i.materialise.com/materials/rubber-like/design-guide ,accessed 22 July 

2013. 
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the potential collision risk and interference between the individual feathers at various stages of their 

position.  

 

Fig. 8 Rear view of the feathers and a concept of a rudimentary hinge system 

 

Fig. 9 shows a circular pattern of the opened feathers. The dashed line shows the 200 x 200 x 

200mm bounding box into which the completed design had to fit. The angled lines at the bottom left 

of the image control how many rows of feathers will make up a full circular layer.  

 

Fig. 9 Patterned feathers in open, closed, and half-open positions 
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Research into baseball caps showed a variety of different styles and shapes. The style chosen for the 

design of The Peacemaker is the flat peaked style popularised by rappers such as Eminem (Fig. 10).  

 

Fig. 10 Detroit-based rapper Eminem, http://make-me-successful.com/hell/, accessed 24 July 2014. 

Fig. 11 highlights an important design decision that needed to be made before commencing the 

major build of the design. In choosing this style of cap, important design elements were examined. 

The flat peak is just one of these crucial elements that it was decided had to be retained to maintain 

recognition of the style, and preserve the meaning of the design. Another important element of 

these types of caps is the segmented main body of the design. Creating a segmented design 

represented an increased level of modelling complexity. The question raised was would the finished 

design be recognisable as this style of cap without these elements?  

 

Fig. 11 Baseball Cap construction, http://www.lids.com/, accessed 24 May 2015. 

 

http://www.lids.com/
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It was decided that these pronounced segments, although a significant feature of the baseball cap, 

are actually a caused by the main body of the design being made from sheet material that has been 

stitched together. A circular design with thickened feathers in the locations of the pronounced 

seams was decided on.  

Before the major build of the design could be embarked upon in Solidworks, the hinge design 

needed to be finalised. Thus, a digital hack model of the hinge was created in the same fashion as 

the hack model of the main build.  

 

Fig. 12 Hack Hinge  

The CAD design process can be deceptive when it comes to the actual finished size of a model. On 

screen, it is possible to zoom into a model and focus on sections of a design that are incredibly small, 

so small in fact that they are either impossible to manufacture or, more significantly in terms of 3D 

printing, beyond the resolution capabilities of the machine being used. At this stage, I decided to 

print a physical 3D model to gauge the actual size of the hack hinge. The printer used for this model 

was a Fuse Deposition Modeller (FDM). The nature of the FDM process means that the mobile 

elements in the design will be non-functional. A better process would have been using Selective 

Laser Sintering (SLS), as the support material is powdered rather than fused material but because of 

time constraints I did not have time to secure an SLS printer. However, because the purpose of this 

model was only to gauge size and, using the FDM process was acceptable. Fig. 13 demonstrates how 

small the hinge is when transferred from a virtual world into reality. The hinge in the centre has the 

support material from the FDM process removed. The hinge on the right has the support material 

still attached.  
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Fig. 13 Hack Hinge FDM Print 

Despite its flexibility, the SLS process also has limitations that have to be adhered to in order for any 

design to perform successfully. For moving or interlocking parts, such as hinges and chain-like 

structures, a minimum clearance of 0.5mm is necessary to prevent the moving parts from becoming 

fused together.5 Fig. 14 shows the level of control of the hinge geometry with the minimum 

clearance of 0.51mm and the 4mm diameter of the trilobular hinge pin.   

Fig. 14 Clearance Planning in Solidworks CAD software 

It is important emphasise that at this stage in the design process, the design of The Peacemaker was 

in its very early stages. Far from using CAD for documentation, I was using it in conjunction with 

                                                           
5
 Ibid. 
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sketching and model making as a design tool. The pertinent point for this study is that CAD need not 

be a documentation tool that is separate from the designing and making process; it can in fact form 

an integral part of the design process itself, and thus I refer to it as design software. As will be shown 

in the ensuing pages, CAD (along with other tools) played a pivotal role in the unfolding design of 

The Peacemaker.  

Enough exploratory information had been gleaned from these initial tests to begin what would 

become the final model. To begin this model and confirm its viability, Solidworks software and 

valuable information learned in the hack model stages were used. Initially, a new assembly was 

created and sketches were re-created in the new assembly being informed by the hack assembly 

sketches. Laying out these sketches is important as they become a central reference point for vital 

information on the key elements of the model, such as size, shape, patterning, layer height, 

component wall thickness, and so on. I believe that this initial planning is vital to controlling complex 

models of this type.  

 

Fig. 15 Assembly planning in Solidworks 

The first task after laying out sketches was to create a model using surfaces of the pattern covering 

the entire surface of the main body. Fig. 15 shows only a small section of the actual pattern that had 

to be made as the individual feathers in each layer were patterned 28 times to complete the 

circumference of the main body. Each vertical layer is subtly different as the diameter of the main 

body is tapered inwards. 
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Fig. 16 Feather Surface Modelling 

Fig. 16 shows the pattern developing upwards on the side of the cap. The pattern had been loosely 

established using sketches and then further refined in the hack model. This had only been done on 

the vertical sides of the main body. It was realised at this stage that this pattern could not continue 

all the way up to the crown of the main body as the feathers would become too small. Fig. 17 shows 

the tapering of the feather junctions and their rapid convergence.  

 

Fig. 17 Convergence of Feather Pattern 

This represented a major unforeseen challenge in the design of The Peacemaker that had to be 

overcome quickly if the project was to meet its deadline. Hand sketching on top of direct printouts 

from the screen in Solidworks was used as a method to develop the design. This is a highly efficient 
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means to develop a design, and a much more efficient means to explore ideas when compared to 

using CAD only. This switching between tools both virtual and physical is a point of particular 

importance to this study. The experienced practitioner will know when to choose one tool over 

another. Significantly the practitioner once picking up digital tools is by no means restricted to these 

after this milestone is reached transition between digital and physical tools is easily made 

throughout the process.  

During the development process, a feather of the minimum size (according to experience and 

Materialise design guidelines) was sketched around the top of the main body where it was 

approximated that the last feather would be located; following this, various ideas for transitions 

between the feathers were sketched (Figs. 18–21).  

 

Fig. 18 Convergence Pattern Development 

Fig. 18 shows the design developing and how the particular area of interest was focussed on. Fig. 19 

shows a double-pointed feather idea being developed. The purpose of this feather was to transition 

28 feathers per layer into 14 feathers per layer. Fig. 20 shows this idea being developed further and 

annotation about possibly using a cosmetic non-functional feather for the transition.  
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Fig. 19 Convergence pattern development 

 

Fig. 20 Convergence pattern development 

The double feather idea developed into the final pattern, which is shown in Fig. 21. This pattern uses 

one small feather and one large feather to transition between the 28 feathers per layer present in 

the vertical sides of the main body and the 14 feathers per layer across the top of the main body. All 

of the feathers are separate and operate independently of each other, with no need for non-

functional cosmetic feathers. 
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Fig. 21 Finished surface model of the pattern 

 

Fig. 22 Finished surface model of the pattern 

At this point, the Solidworks part, which contains all of the pattern detail, will progress no further 

because it contains well over 100 features and it highly likely to become unstable should it progress. 

Halting the progress of individual parts is an important strategy in building highly complex models. 

Other parts will reference the geometry of this part without the need to manipulate the part itself. 

This fact contributes to a stable model.  
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The feathers were then separated into 11 individual parts referencing the surface pattern, and 

thickened; the parts shown in Fig. 23 are solid bodies and no longer surface bodies.  

 

Fig. 23 11 Separate solid models referencing the surface model 

The hinge design that each individual feather pivots on presented the next challenge. The basic 

design of the hinge had been designed in the hack hinge pictured in Figs. 11 and 12. An additional 

requirement of the hinge was indexing to hold the feathers in a fully open position, a half-open 

position, and a closed position.  

How to do this was another pressing area of the design. Fig. 24 A shows an initial idea deemed to be 

far too bulky. Sketch tools were then employed to quickly resolve the design of the hinges. It took 

around eight hours of design and modelling time to get from point A to point C.  
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Fig. 24 Hinge development 

With all of the hinge bosses in place (Fig. 24 C), the next task was to link these hinge bosses to each 

other. These linked bosses would form the structural skeleton of the main body, supporting all of the 

individual feathers in position. The skeleton proved to be one of the more challenging operations in 

the design of The Peacemaker. Sketching was employed to quickly resolve the details of the hinge-

boss links. An organic fluid design of lofts was developed. 

 

 

Fig. 25 Boss linking sketching 

 

This organic design was taken into CAD, and a surface modelling strategy was chosen to loft between 

the bosses. Fig. 26 shows this strategy in its initial stages.  
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Fig. 26 Boss linking surface modelling 

With complex models such as The Peacemaker, file size is a major concern. Large amounts of 

complex geometry, particularly in patterned form (linear and circular patterns), contribute 

significantly to file size increases. Potential negative results of these file size increases are that parts 

and assemblies include more load on the computer hardware. If this is not managed correctly, 

editing these models becomes such a slow process that they become unusable.  

Up to this point, the file size of The Peacemaker had been carefully monitored and had been sitting 

at around 20 megabytes (Mb). Using surfaces to model with in Solidworks has a significant effect on 

file size, and the addition of the surface geometry shown in Fig. 26 caused the file size to increase to 

around 40Mb. This dramatic doubling of the file size was not anticipated and considering that this 

would have to be repeated literally hundreds of times discounted this approach as a viable option 

for the hinge boss links that form the skeleton.  

It was decided to attempt a similar design using solid geometry features instead of surface features 

because using solid bodies in Solidworks tends to have less of an impact on file size.  
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Fig. 27 Boss linking solid modelling 

This solution had a significantly smaller impact on file size. The final part that this geometry 

produced was 55Mb in file size for the entire patterned parts shown in Fig. 27.  
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Fig. 28 Solid skeleton framework 

As soon as this part was completed, which represented approximately three extended days of 

modelling, another solution presented itself. The model shown in Fig. 28 represents a perfectly 

suitable solution to the functional requirements of the part. However, this study is focused on craft 

practice and the potential solution offered by the new idea seemed a much more elegant solution to 

the problem. Fig. 29 is an image of the final solution, which took one extra day of modelling, which 

represented another significant improvement in file size; it was only 38Mb (over a 30% reduction in 

file size) and thus represented an improvement in model efficiency.  
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Fig. 29 Revised solid skeleton framework 

With the skeleton completed, the emphasis went back onto the feathers and adding detail to these. 

Fig. 30 shows the feathers thickened and cut for the hinge geometry, progressing through B & C 

adding a more pointed design, a crowned centre shape, and a pronounced spine.  

 

Fig. 30 Feather development 
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Fig. 31 shows the level of progress up to this point. The headband has been created and some detail 

has been added to the feathers. 

 

Fig. 31 Feather development 

A concern at this point in the design of The Peacemaker was the location of the lowest hinge bosses 

around the top of the headband. The concern was that these could touch the wearer’s head when 

the cap was being worn.  
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Fig. 32 Boss potential problem 

It was decided that this needed to be tested. Testing of this nature is extremely difficult to carry out 

in CAD. It is possible to digitally scan a human head and then bring this data into the CAD program 

and attempt to test in this way. However, in doing this, other problems are encountered. The CAD 

data of the hat is effectively rigid and cannot be flexed with any degree of accuracy. To test how the 

circumference of the hat would flex when fitted to a human head is theoretically possible but 

extremely complex in reality.  

A physical model was made to test this potential problem. Fig. 33 shows a simple model that was 

made using a cut up manila folder and some sticks that were approximately the same diameter as 

the hinge bosses. The manila folder band was the same circumference as the headband in CAD and 

the sticks were placed at approximately the same location in relation to the bottom of the 

headband. Despite the rudimentary nature of this model, it served its purpose by informing the 

design process. As a result of evaluating this model, the bosses were moved upwards by 5mm.  
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 Fig. 33 Rudimentary test model for boss location 

Focus now turned to the peak of the design. Only one side of the design was worked on as this part 

had a central line of symmetry; one side was completed it was cut in half and mirrored. Fig. 34 

shows an early feather design that was later simplified due to the fact it made the feathers look like 

leaves.  

The cut in the back of the peak shown in Fig. 34 A was designed to allow the main body of the cap to 

flex out of its circular shape when being placed on the wearer’s head while the peak remained flat. 

Fig. 35 explains this idea further.  

 

Fig. 34 Peak development 
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Fig. 35 Peak flex 

Fig. 36 Shows F1 driver Lewis Hamilton wearing a flat-peaked Mercedes branded hat. This image 

clearly shows the gap that is always present in the side of most flat-peaked baseball caps when being 

worn.  

Fig. 36 Lewis Hamilton wearing a baseball cap, showing the gaps present in flat-peaked designs, 

http://www.mercedesamgf1.com/, accessed 24 May 2015. 
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Fig. 37 shows the snap fits and the central socket feature which that ensure once the peak is 

assembled to the main body, it stays in place.  

 

Fig. 37 Peak mounting details 

At this point, I seriously considered whether or not to make every one of the 238 feathers slightly 

different by applying variations to the stylised patterning. This concern highlights the importance of 

the research methodology and its influence on the design decisions that were made at this point of 

the study. As detailed in the previous chapter, this research employed a combination of Frayling’s 

“research for design” and “research through design”6, with both informing each other in a cyclical 

process (Fig. 38).7 Research into the writings of David Pye (referred to at length in the subsequent 

chapter) had revealed that variation in hand-made objects has generally been an important factor in 

differentiating them from products of mass production. RfD raised this point again as the decoration 

of the feathers provided an excellent opportunity to introduce variation in The Peacemaker. The 

cycle then returned to the RfD phase and these ideas were researched further. Staying true to 

materials and process were tenets of the Arts and Craft movement;8 in this case, the process of 

repetition is something the tools of CAD do well. Craft is a practical activity and, referencing Malcolm 

McCullough, engaging in the act of laboriously altering each feather would on the one hand be an 

act of deception and on the other a waste of time. There were of course also aesthetic 

considerations to this point, but these were considered to be irrelevant and had very little impact on 

thdesign.

                                                           
6
 Frayling, “Research in Art and Design.”  

7
 Golsteijn et al., “Reflections on Craft Research for and through Design,”423. 

8
 Truth to Material, Ideas & Principles, http://www.artscrafts.org.uk/roots/ideas.html, accessed 3 November 

2015. 

http://www.artscrafts.org.uk/roots/ideas.html
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 Fig. 

38 Using RfD/RtD hybrid methodology within the context of the design of the Peacemaker  

After the RfD the cycle was complete, the RtD cycle was free to continue. This is just one example of 

multiple times this process took place during this study. Figs. 37 and 38 show the model of The 

Peacemaker with all external decoration applied.  

Further development of the pattern led to a stylised feather design, which was applied to the 

feathers and the headband (Figs. 39 and 40). 

 

Fig. 39 Final feather details 
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Fig. 40 Final feather details 

Fig. 41 shows the last piece of detail added to the model: a band of text debossed into the inside of 

the headband that reads “The Peacemaker” Crafted with Love by Materialise & Samuel Canning.  

 

Fig. 41 Inner headband detail 
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The printing build was then prepared as shown in Fig. 42, with the peak placed on top of the main 

body and the feathers slightly open at a pre-determined point to maximise the clearance between 

the moving parts to minimise the chance of any parts becoming fused together. 

At this point, the 3D modelling in Solidworks had taken in excess of 200 hours.  

 

Fig. 42 Printing orientation 

The Peacemaker files were now ready for export to Stereolithography format (STL), which is the 

format used for all 3D printing technologies. Materialise’s competition guidelines dictated that the 

files for the birds challenge should be no larger than 100Mb. For a model as complex as The 

Peacemaker, this represents a challenge. The process of saving a CAD file as an STL file is a process of 

meshing or triangulation, which means that the model is plotted out as a series of point co-ordinates 

in 3D space, each point linking to other points to form a multitude of triangles which describe the 

model in 3D space. This results in the STL model being an imperfect or somewhat compromised 

version of the original CAD model.  
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Using a simple sphere, Fig. 43 attempts to explain this point further. Sphere A is the CAD file. Thus 

far, it has not been turned into a mesh; it is a graphic representation of a perfect sphere. In order to 

access 3D printing, CAD files have to be converted into STL files. Figure B shows an STL conversion of 

the same sphere at a very low/coarse resolution. Faceting can clearly be seen on the surface as this 

sphere consists of only 2,352 planar triangles. Sphere C is also an STL exported at a high/fine 

resolution. The surface is smooth and, to the naked eye, no faceting is detectable. Sphere C consists 

of 516,960 planar triangles. The problem is that the file size is large; sphere C is 24.6Mb, almost a 

quarter of the permissible file size for The Peacemaker.   

 Fig. 43 STL export results 

Exporting STL files from Solidworks is a matter of trial and error. An excellent method for evaluation 

is to export the file as an STL and then re-open the exported STL file in Solidworks to view the 

amount of faceting present and gauge if this will compromise functional or aesthetic qualities of the 

model.  

Fig. 44 shows the interface when exporting STL files from Solidworks. The operator can choose 

between the default settings of “Fine” and “Coarse” or “Custom” settings. The control sliders are 

fixed in the default settings and are shown as A & B. These control sliders control how the model is 

processed and are titled “Deviation” and “Angle”. Note the two concentric circles in the display to 

the left of the sliders. This 2D graphic gives a basic guide as to how the selected settings will impact 

the actual 3D geometry of the exported files.   
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Fig. 44 Solidworks STL export settings 

The functions of the “Deviation” and “Angle” sliders are explained on the Solidworks website as 

follows:  

Move the Deviation slider to adjust the deviation Tolerance, which controls whole-part 
tessellation. Lower numbers generate files with greater whole-part accuracy. 
 
Move the Angle slider to adjust the angle Tolerance, which controls smaller detail 
tessellation. Lower numbers generate files with greater small-detail accuracy, but those files 
take longer to generate.9 
 

Coarse default settings are illustrated in Fig. 45. Note the position of the sliders A and B to the left of 

both of the scales.  

                                                           
9
 Solidworks 2012 STL export settings. elp.solidworks.com/2012/English/SolidWorks/sldworks/HIDD_STL.htm, 

accessed 16 July 2015.  
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Fig. 45 Solidworks coarse STL export settings 

Fig. 46, 47 show custom settings to demonstrate the sliders at opposite ends of the slider scale and 

their impact on the concentric circles graphic.  

 

Fig. 46 Solidworks custom STL export settings 
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Fig. 47 Solidworks custom STL export settings 

I began the export of The Peacemaker by selecting the “Fine” settings and then selecting “Custom” 

to make the sliders operational. The sliders remained in the “Fine” position and a file was exported 

for STL. This file was 700Mb in size, seven times larger than the upload limit specified by Materialise.  

At this point, I thought that it would be impossible to export a useful file of the required size. Over a 

period of more than a day, at a seemingly glacially slow pace, I worked the sliders backward to see 

the effect these had on the geometry. Eventually, the settings shown at Fig. 48 were arrived at. An 

important point to emphasise is that The Peacemaker is a Solidworks assembly file containing 240 

individual parts (238 feathers, 1 skeleton and 1 peak); if the check box shown in Fig. 48 is not 

checked, Solidworks will save 240 individual files.  
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Fig. 48 Solidworks custom STL export settings 

Fig. 49 shown overleaf shows a preview of the meshed file.  
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Fig. 49 Solidworks meshed assembly file for printing 

The saved file was then re-opened in Solidworks as an STL file for checking. Figs. 50 and 51 show the 

surface quality and the faceting caused by the meshing process into 2,203,098 triangles.  
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Fig. 50 STL file re-opened in Solidworks for checking 

Fig. 51 shows a close up of the feathers and how detail has been preserved. Note the sharp points of 

the individual feathers, which would be lost if the resolution were too low.  

 

Fig. 51 Detailed inspection of STL resolution 
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Fig. 52 shows a close up of an individual hinge and the faceting present. At first glance, this looks to 

be a dramatic compromise of the original design. However, when stepping away from CAD and 

evaluating the results against the printout of the hack hinge, it can clearly be seen that the scale is 

actually so small that the faceting will be almost invisible to the naked eye. Another important 

consideration is the resolution capabilities of the machine. The SLS process being used is incapable 

of reproducing the facets in exact detail. Thus, the physical size of the detail combined with the 

resolution of the 3Dprinting process means this is a satisfactory result.  

 

Fig. 52 Detailed inspection of hinge compared to FDM print of the hinge 

A vital lesson learned from this exercise is that it was easy to become absorbed by the 3D modelling 

software settings and lose touch with their real-world implications. When compared to something 

that exists in reality, things are quickly brought back into perspective. Another noteworthy lesson is 

the usefulness of the 2D concentric circles graphic contained within Solidworks STL export settings. 

Prior to The Peacemaker project, I thought that this 2D representation was far too crude to offer any 

useful information on the actual quality of the STL output. Surprisingly (or unsurprisingly), this is not 

the case. The final settings chosen were actually at the point where the faceting started to become 

undetectable on this 2D graphic. Far more gravitas will be bestowed upon this graphic in future. In 

the same way as any traditional craft practitioner experience plays a large part in mastering the 

process.      

At this point, the STL files for The Peacemaker were uploaded to the Materialise website for the 

Birds Challenge. As well as including a compilation of photorealistic renderings of the Solidworks 

model (executed in Keyshot rendering software) (Fig. 53), the following short accompanying 

statement was written to explain the work:  

The white dove, a worldwide symbol of peace and love, is the inspiration behind The 
Peacemaker. Inspired by the brilliance and purity of the colour of Polyamide and its meaning 
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within the avian world, The Peacemaker is a bold statement of love and non-aggression. The 
Peacemaker also draws reference from the baseball cap, an Iconic symbol of vibrant modern 
global culture. The title Peacemaker inspired by the white dove also draws influence from 
the legend of the Great Peacemaker of Native American Indian legend. The Peacemaker’s 
feathers subtly blend into hearts at the transition between the peak and the main body 
reinforcing its symbolism of love. As well as its philosophical inspiration, The Peacemaker 
also draws its physical inspiration from birds and their ability to separate their feathers to 
regulate body temperature. The entire surface of the body of The Peacemaker is covered 
with 238 movable feathers which can be opened up individually or en masse to transform 
the function of The Peacemaker, mimicking the bird’s natural behaviour. The Peacemaker’s 
ability to open up its feathers individually also gives an almost infinite number of potential 
visual combinations allowing for unprecedented levels of uniqueness in a single artefact. The 
user can choose their own configuration depending on the conditions or most importantly 
their mood. The Peacemaker is built in two parts, the Main Body and the Peak, both of which 
fit into a single 200 x 200 x 200mm size limit for this challenge.   
 

 

Fig. 53 The Peacemaker, Materialise Birds Accessory Challenge rendering compilation 

The files were submitted on 3 May 2013. Materialise published a shortlist of final designs for the 

Birds Challenge on 16 May 2013; unfortunately, The Peacemaker was not on it. Feedback was sought 

as to why this was the case but at this time Materialise were busy and feedback was not 

forthcoming. It later transpired that technicians at the Materialise production facility in Europe 

thought that the design was unprintable.   

As mentioned at the beginning of this chapter, the progress from this study as well as the major 

piece of work arising from it (The Peacemaker) was to form the basis of my presentation at the 

Materialise Asia Pacific conference. The fact that the design did not make the shortlist was, to some 

degree, an upset to the plan, as all of the shortlisted designs were to be printed by Materialise.  
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I decided to continue with the original plan, and thus investigated printing the design via my own 

means. I sent the files to the Melbourne-based company 3D Systems; the technician could see no 

problems other than the sheer amount of 3D geometry present in the model.10 The cost of the 3D 

model was AU $1,135, which included a student discount 3D Systems agreed to print the model the 

next evening and they decided not to take the model out of the support material as soon as the print 

was finished instead they decided to let the entire build (often referred to as the cake) cool to avoid 

warping of the thinner sections of the model.  

I received The Peacemaker in Brisbane on 5 June 2013. To minimise cost, no post-finishing had been 

requested, which meant that there was a day or so of de-powdering before the hinges would 

operate successfully. Figs. 54–56 show the printed model.  

                                                           
10

 I would specifically like to thank Sarah Cole from 3D Systems in Melbourne. 
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Fig. 54 The Peacemaker, close up detail of peak 
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Fig. 55 The Peacemaker, close up detail of inside 

 

Fig. 56 The Peacemaker, close up detail of top 



46 
 

Interestingly, an unanticipated effect of the printing process was present on the feathers on the top 

of the main body. The striations left by the SLS printing process enhance and very much complement 

the feather design on the top feathers of the cap. It would be easy to claim this as an intended effect 

but this is in fact not the case. Nonetheless, it is in fact a powerful effect that can be used in an 

advantageous manner in the future and thus represents a valuable piece of new knowledge.  

Post-finishing work on The Peacemaker was completed one day prior to my departure for the 

Materialise Asia Pacific Conference. The conference presentation was an excellent opportunity to 

share work from this study to a broad audience of 3D printing experts from a wide variety of 

professionals. The Peacemaker was received very well and was treated with what can only be 

described as a degree of reverence at the fashion show, being described Wim Michaels as a 

“masterpiece”. Figs. 57 and 58 show The Peacemaker being carried down the runway at the fashion 

show by one of the models.  

 

Fig. 57 The Peacemaker presented at Materialise Asia Pacific Conference, June 2013  
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Fig. 58 The Peacemaker presented at Materialise Asia Pacific Conference, June 2013  

The Peacemaker also drew the attention of fashion designer Melinda Looi, who had designed the 

collection that was the centrepiece of the fashion show. This introduction led to later work that 

formed the major component of my doctoral submission, which will be outlined in Chapter 5.  

Since its unveiling in June 2013, The Peacemaker has been exhibited in the USA twice, in Detroit and 

in Philadelphia, and in numerous venues in Australia, including being exhibited at Australia’s first 3D 

printed fashion show held on the Gold Coast in June 2014 and being shown on Channel 9 Weekend 

Today breakfast show in the same month. After having been exhibited in Detroit at Rapid 2014, The 

Peacemaker was used by SME (the organisers of Rapid) in their promotional material promoting 

Rapid 2015. Figs. 59 and 60 show studio shots taken by Griffith University photographer lecturer Mr 

Peter Wanny. 
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Fig. 59 The Peacemaker, studio photograph by Peter Wanny 
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Fig. 60 The Peacemaker, studio photograph by Peter Wanny 

This concludes the chapter on the Peacemaker. The next chapter will examine in detail historical and 

contemporary ideas of craft practice.   
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CHAPTER 3: 

Analysis of the Historical Discourse on Craft Theory and Artisanship 

 

3.1 Introduction  

In her contribution to the anthology The Craft Reader, Helen Rees recounts the nineteenth-century 

concept of craft, which prized the handmade precisely because it was the opposite of the factory 

made;9 as editor Peter Dormer summarises of Rees’s paper, she asks “whether or not these ideas are 

sustainable or useful today when considering modern craftsmanship”.10 In reality, there is no conflict 

between the ideas of craftsmanship and technology. On the contrary, until the advent of the 

Industrial Revolution, craft practitioners had been the custodians of technical knowledge in all 

fields.11 In fact, the term custodian does not do justice to the importance of craftsmanship as it 

implies simply caring for something in an unchanged state, when actually craftsmanship was the 

driving force behind technical advancement in all fields, and its role in the development of human 

culture and social development cannot be overstated.  

 

Until the Industrial Revolution and its tools of mass manufacture, craft practice had been the sole 

means of production of man-made objects; “The industrial revolution established of a means of 

production too large and complex for any individual to afford”,12 leading to the shift of technological 

development from the craftsman to emerging industries of mass production. 

 

The breaking away of design as a distinct activity from making, which has its roots in the Industrial 

Revolution, was also another challenge to conventional craft practice.13 It is important to clarify that 

this was within the field of objects for daily use and not in related fields, such as architecture. This 

fact is supported by C. R. Ashbee when translating Benevento Cellini’s 1568 work on goldsmithing 

and sculpture in the nineteenth century. Ashbee writes: 

 

We must remember that he [Cellini] did not draw that subtle distinction between designer 
and executant that we nowadays are wont to do. . . . The modern point of view . . . 
distinguishes between goldsmith and sculptor, between artist and designer.14  

 

Notable also was that at the time of Ashbee’s text, craftsmanship, although robbed to a great degree 

of its sense of autonomy by industrial production, quietly continued in a different guise, 

unrecognised by the likes of the Arts and Crafts movement of the nineteenth century and its leader 

John Ruskin to whose ideas Rees refers. Craft practitioners during the mid to latter part of the 

                                                           
9 Helen Rees, “Patterns of Making: Thinking and Making in Industrial Design,” in The Culture of Craft, ed. Peter 

Dormer (Manchester University Press, 1997), 116–36. 
10

 Peter Dormer, “The Challenge of Technology,” in The Culture of Craft, 103. 
11

 Hugh Aldersley-Williams, “RSA Design: The New Tin Ear,” Manufacturing, Materials and the Rise of the User-
Maker, 2011. 
12

 Malcolm McCullough, “Abstracting Craft: The Practiced Digital Hand,” in The Craft Reader, ed. Glen Adamson 
(New York: Berg, 2010), 315. 
13 Howard Rizatti, A Theory of Craft: Function and Aesthetic Expression (Wilmington, NC: The University of 

North Carolina Press, 2007), 153–54. 
14

 Anna Fariello, Objects and Meaning (Maryland: Scarecrow Press, 2005), 8–9. 
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nineteenth century still produced works of skill and technical mastery but as they were the hirelings 

of industry, their efforts went largely unrecognised.15 There still exists much confusion about the 

cross over activities of craft, design and technology, as illustrated in the 2012 publication Is the 

Future of Craft In Design?, where Monica Moses and Gareth Clarke discuss the outlook for craft 

practitioners and suggest that craftspeople need to enter into the realm of design in order to secure 

a future for their practice.16 This is a common misunderstanding of craftsmanship in its truest sense; 

craftspeople have been the designers of man-made objects for millennia and it is only since the 

Industrial Revolution that a perception of their role has been otherwise. Dormer suggests that 

“craft’s role in design has been intellectually downplayed as an inconvenient fact of design 

history”. 17  Building on this definition of craftsmanship, craftsmanship without design is not 

craftsmanship at all, and design and technical knowledge are the progeny—not the antithesis—of 

craft practice. 

 

Craft practice encompasses such an incredibly diverse range of activities that the establishment of 

any consistent unifying principles that encompass its broad range of activities has proven highly 

elusive. Key texts regarding craft theory, both historical and contemporary, were thoroughly 

analysed for the research phase of this study and will be discussed in this chapter. 

 

3.2 Historical Theories of Craft 

 

It is impossible to undertake any study on the theory of craft practice without the mention of the 

Arts and Crafts movement of the nineteenth century. The writings of John Ruskin (1819–1900)18 

were the inspiration behind the Arts and Crafts movement, while William Morris (1834–96) was the 

figurehead who led the movement during his lifetime.19 The movement began in reaction to the 

socio-political landscape in Britain during the mid- nineteenth century. The Industrial Revolution was 

in full flight and the social landscape of the country was changing rapidly, with large numbers of 

economic migrants moving from rural areas of the country to the great industrial centres of 

Victorian Britain. With this mass migration came many social problems, with workers being 

subjected to dangerous working environments and squalid living conditions. Mass manufacture was 

becoming more prevalent and consequently the division of labour was widespread. Ruskin was 

dismayed by what he saw happening, and his seminal work The Nature of Gothic, taken from his 

three volume treatise The Stones of Venice (published 1851–53), was written in response to the 

dramatic upheavals of the time. In The Nature of Gothic, Ruskin celebrated the work and freedom of 
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expression of medieval craftsmen and he contrasted it with a damning indictment of the degrading 

work practices of Victorian Britain, which made no allowance for individual creative expression and 

had reduced once proud craftsmen to mere cogs within the machines of mass manufacture.  

 

Ruskin was not alone in his attitude toward the practices of industry and others who were arguably 

influenced by him include Karl Marx in Capital (1867) where Ruskin’s sentiments were echoed 

almost to the letter. In Capital, published some fifteen years after Ruskin’s The Nature of Gothic, 

Marx argued that modern production methods, “mutilate the labourer into a fragment … degrade 

him to the level of an appendage of the machine, destroying every remnant of charm in his work and 

turn it into a hated toil”.20  

 

Ruskin’s writings continue to be influential to this day and many theorists and practitioners consider 

them to be them to be a description of craft practice in its truest sense. My assessment of Ruskin 

was that he was anti-technology and that he made no distinction between the worlds of commerce 

and technology, damning both with equal rancour. His speech “The Work of Iron”, delivered in 

Tunbridge Wells in February 1858, was a passionate condemnation of the impacts of the Industrial 

Revolution, where he railed against all that he disliked about industry at the time. Ruskin’s theories 

were a reaction to the dramatic changes unfolding in England rather than a carefully considered 

analysis of craft practice. As he phrased,  

 

…but how would you like the world, if all of the green meadows, instead of grass grew 
nothing but iron wire—if your arable ground, instead of being made of sand and clay, were 
suddenly turned into flat surfaces of steel—if the whole earth, instead of its green and 
glowing sphere, rich with forest and flower, showed nothing but the image of the vast 
furnace of a ghastly engine—a globe of black lifeless excoriated metal?21  

 

Morris, as a craft practitioner and later a businessman, was faced with the unenviable task of putting 

Ruskin’s beliefs into practice, something Ruskin never came close to. These experiences in the world 

of business and manufacture allowed Morris to develop his ideas beyond those of his master Ruskin. 

Through his own experience, Morris was all too familiar with the seemingly incompatible worlds of 

business and craftsmanship; as Charles Harvey and Jon Press note of Morris: 

 

Fundamentally, it seemed to him that the nineteenth century—the ‘Century of Commerce’, 
as he called it—had seen an appalling decline in standards. “England has of late been too 
much busied with the counting-house and not enough with the workshop”, he argued. The 
manufacturers, “who never did a stroke of hand-work in their lives”, had become “nothing 
better than capitalists and salesmen”, concerned with profit margins rather than the 
maintenance of quality. Artists, designers and craftsmen had likewise been forced to 
respond to the dictates of the market-place for, with the separation of entrepreneurial, 
design and production functions, their status has been debased, and they had become 
hirelings of manufacturers who knew little and cared less about art or industrial design. 
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Hence the prevalence of “sham” of “shoddy”, as Morris often called the products of the 
nineteenth-century industry.22  

 

In spite of Morris possessing this knowledge, his own factories did not allow for individual artistic 

expression of the workers,23 which troubled him a great deal. He fully understood the way the 

craftsmen of the Middle Ages worked, “only to discover that it is impossible to work in this manner 

in this profit grinding society”.24 In the end, Morris was forced to admit the contradictions and flaws 

that lie central to the ideologies of the Arts and Crafts movement and he observed that although 

“Ruskin revealed the root cause of the discontent and ugliness which fouled the modern age; he had 

not, however provided a complete solution”.25  

 

Morris’s experience in business helped him turn away from the extremist beliefs of Ruskin and he 

came to understand the pivotal importance of a thorough understanding of the technology of the 

modern age. In 1882, Morris gave evidence before a Royal Commission on Technical Instruction into 

the threat of the superiority of French, German, and American products. By this time, Morris had 

had decades of practical experience with manufacture and the world of business. When questioned 

in detail by Sir Bernard Samuelson “whether he considered that the designer should acquaint 

himself with the exigencies of the machine and the material in which the design was executed, 

Morris replied: ‘yes, I speak as strongly as I can upon that. I think that is the very foundation of all 

design.’”26  

 

These words uttered by one of the most important members of the Arts and Crafts Movement 

clearly demonstrate the need for designers to be versed in the technologies that are used to 

produce their objects. If this is the case and design is clearly an integral part of craft practice, then 

craft is the synthesis of design, material, and the technology of manufacture, regardless of which 

century one lives in.  

 

Arguably the most influential craft theorist of the twentieth century was David William Pye OBE, 

(1914–93), who taught at the Royal College of Art in London from 1948 to 1974 and was a Professor 

of Furniture Design from 1963 to 1974.27 He originally trained as an architect, specialising in wooden 

buildings.28 As well as an academic, Pye was also a highly accomplished craftsman, and was 

responsible for a large body of high quality work; Fig. 61 shows one of Pye’s creations, a wooden 

bowl that clearly displays his signature internal fluting.  
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Fig. 61 David Pye Wild Service Tree Dish 38cm diameter, from The Nature and art of Workmanship, rev. ed. 

(London: Herbert Press 1995), 15. 

 

Pye’s seminal work The Nature and Art of Workmanship, first published in 1968, is described in 1995 

by John Kelsey as “the only useful framework we have”29 with regard to theoretical analysis of 

craftsmanship. In fact, Pye disliked the term craftsmanship, describing it as simply an honorific term 

for “workmanship of the better sort”.30 He thought it a misused term of which it was impossible to 

find a satisfactory definition. Pye was critical of the Arts and Crafts movement, and Ruskin in 

particular, which quite likely accounts for the fact that he disliked the term craftsmanship so much. 

In describing the term, Pye states: “One can no longer use the word ‘craftsman’. It is getting 

flyblown. Too many cranks and too many people trying to grab higher wages have called themselves 

by it.”31  

 

Pye invented his own phrase for the kind of work historically described as craftsmanship, “the 

workmanship of risk”, which has become synonymous with Pye himself. Pye writes, “The phrase 

‘workmanship of risk’ means that at any moment through inattention, or inexperience, or accident, 

the workman is liable to ruin the job.”32 Pye recognised the dichotomy between business and craft 

practice. He argued that although craft practice is always at a disadvantage in terms of sheer 

efficiency that it can produce a range of qualities that mass production always ruled by price will 

never achieve. In his final analysis, Pye asserts that the future of craftsmanship or the workmanship 

of risk lies in the hands of amateurs who are free from the need to compete on price, and who 

practice for love rather than money. It is important to note these people he was referring to were 

people whose experience of craft was exactly like his own. He was a truly talented amateur but 

never made a living as a practicing craftsman.  

 

Pye also explains the importance of the variation that is invariably present in all hand-work. He is 

referring to the variation present to the naked eye in, for example, a wooden surface rendered flat 

with hand tools. Rather than being completely flat, it is covered with the marks of the plane or 
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scraper. Pye discusses the complete absence of variation in objects that are the result of mass 

manufacture. He talks of the difficulties that any manufacturer would encounter if faced with the 

challenge of reproducing these minute variations even on the most simple of craft objects and how 

every detail would need to be translated in terms of drawings. While being fully aware that it is 

possible to do this in theory, he explains that in reality this is not even a remote possibility, and he 

refers to two-dimensional technical drawings (the sole means of communicating a design in the mid-

1960s) as “familiar crude dimensioned diagrams”.33 These difficulties he explains to a large extent 

dictated design at the time of writing, and forced it to comply with forms that are simplest to 

communicate. He writes: 

 

The modern engineer’s intended design, and the architect’s, very often are conceived in 
terms of ideal forms: flat planes, straight edges, perfect cylinders, arcs of circles. This can 
happen because these are the forms that can be communicated with the least trouble. Fully 
to describe the form of the billet in plate 6 would take any draftsman a matter of weeks.34 

 

 

 

Fig. 62 David Pye Plate 6 Rough-hewn billet with chopping-block and side-ax, from The Nature and art of 

Workmanship, rev. ed. (London: Herbert Press 1995), 15. 

 

This point is of great importance to my research, as Pye was writing at a time when the only means 

of communicating a design was by means of 2D technical drawings. The key technologies of 3D 

printing and computer-aided design (the only means of accessing the technology of 3D printing) had 

not yet been invented. Today, the scenario Pye describes is no longer applicable and the combined 

technologies of CAD, 3D printing, and the related technology of 3D scanning are capable of 

generating incredibly complex geometries, both virtually and physically. This point, which is referred 

to in this exegesis as the translatory step, will be discussed in detail in a later chapter.   
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Pye did however make some fairly accurate predictions regarding technology that have come to 

fruition; namely, he discussed Computer Numerically Controlled (CNC) machining technology and 

hoped for some improvements that may have made it more flexible and able to reproduce high 

levels of detail. Another accurate prediction is that associations of amateurs may set up workshops 

by subscription,35 a point most relevant today with the emergence of Fab Labs in ever increasing 

numbers worldwide (which will also be discussed in more detail later in this exegesis).  

 

Pye described Ruskin as a man who preferred “rhetoric to the exact analysis of ideas”.36 When 

describing The Nature of Gothic in The Nature and Art of Workmanship, Pye states:  

 

The harm this chapter on the Nature of Gothic has done is great. In it Ruskin did injustice to 
Victorian workmanship and to the men who produced it, whom he called slaves; and he 
influenced William Morris to cause yet more harm. Between them they diverted the 
attention of educated people from what was good in the workmanship of their own time, 
encouraged them to despise it, and so hastened its decline.37  
 

Pye viewed Ruskin as a dangerous romantic, someone whose ideas harked back to a simpler happier 

time (the Middle Ages) that Ruskin himself did not fully understand, which is an interesting criticism 

when viewing the romantic nature of Pye’s own work from today’s standpoint. However, Pye’s 

criticism of Ruskin, Morris, and the Arts and Crafts movement is valid and at the time in Victorian 

Britain there was much to marvel at in terms of the craftsmanship of the day. The lack of clear 

formulation of ideas made it difficult to understand exactly what the Arts and Crafts movement 

stood for; it is much clearer what that they disliked—the reduction of labour to the execution of 

repetitive manual tasks.  

 

Today, however, Pye’s own theories do not stand up to thorough analysis and his classification of the 

workmanship of risk appears naive. Craft practice is highly varied in its forms; for example, 

needlework, knitting, stained-glass, mosaic, French polishing, to name but a few. When executing 

the craft practices listed above, there are very few moments where the job is under threat of being 

ruined. The element of risk is very small in some cases and in others difficult to imagine at all. It is 

not the intention of this study to ridicule Pye’s theories but they seem to be overwhelmingly based 

in his own practice of making carefully decorated woodwork. Nevertheless, a significant and 

important part of the actual day-to-day reality of craft practice involves mitigation of risk. This 

especially applies to craftspeople who are in the employ of others, and who are working to timelines 

and project budgets. For it is of these practitioners that results are expected and often demanded as 

quickly as possible, and unnecessary risk is to be avoided at all costs. It is fair to say that while Pye 

was an avid and undoubtedly accomplished craftsman, his primary income was never derived from 

his craft practice. Perhaps this goes some way to explain his bias toward it being the job of the 

amateur to carry the mantle of craftsmanship forward for future generations, and why he remained 

so pessimistic about craft practices providing a future means of earning a living. The test of time has 

shown he was incorrect about his predictions and happily there is a thriving community of craft 

practitioners making a living today, as I will discuss in the next study.  
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In reflecting on the above, Ruskin and Pye are arguably the two main protagonists of nineteenth- 

and twentieth-century craft theory, respectively. Their theories seem to be at odds with each other 

but I assert that this is in fact not the case. The differences between these theories are that both are 

incomplete and that craft practice is more complex than either of these individuals gave it credit for. 

It is important to make sense of and, if possible, reconcile these theories before moving on any 

further. In doing so, I assert that Ruskin was primarily concerned with the “autonomy” and “freedom 

of expression”38 of the individual worker. These were the key theories of the Arts and Craft 

movement. By contrast, Pye was interested in skills. He was a highly technical man and he 

appreciated high levels of skill, regardless of the circumstances of the individual freedoms of the 

worker. Pye describes the skills of Victorian Craft practitioner as follows: “Now in the middle and 

latter part of the nineteenth century high regulation in the workmanship of risk was brought to a 

pitch which presumably we shall never see again on any scale.”39 In contrast, Ruskin was the 

opposite, damning all the produce of industrialism. 

   

This analysis of the theoretical standpoints of Ruskin and Pye is supported by Glenn Adamson, who 

explains as follows: “While Ruskin had pronounced that ‘art is not a study of positive reality, it is the 

seeking for ideal truth’, Pye insisted that workmanship is a realm of discrete physical actions, each 

one susceptible to rational examination.”40  

 

The diagram shown in Fig. 63 is a highly simplified version of this theory, but it displays the ideas of 

Ruskin of the right in yellow and Pye on the left in green.  

 

 

  

Fig. 63 Schematic diagram showing the commonality between the philosophies of Pye and Ruskin 

 

Pye’s theories and observations are highly skills-focussed and Ruskin expresses a much more 

political message and is far less focussed on specific skills. This diagram has served as an excellent 

guide for this doctoral research, as my focus is in the central overlapping area. The model I propose 

for the contemporary craft practitioner is as follows: the highly skilled practitioner with the 
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necessary autonomy to be able to make decisions about key aspects of their practice; for example, 

What gets made? How much time gets spent on it? How and when it is made?  

 

 

3.3 The Challenge of Technology  

 

Thus far, this chapter has explained the uneasy relationship between technology and craft practice 

that began during the Industrial Revolution and still exists to this day. Many craft practitioners still 

choose to exclude technology from their practice as much as possible, seeing this as craft in its truest 

sense. Other practitioners/commentators see things differently, as this section will explain. As 

Malcolm McCullough writes, “Let us direct our curiosities and practices in the high-tech realm 

toward one of the most humane of ends: craftsmanship.”41                          

 

The world of technology is one of constant flux and the last thirty years have seen a revolution in 

terms of computing technology, which can yield exciting results in the realm of craft. As Gareth 

Clarke suggests, craftsmanship needs to shed its nostalgic perception: “Live in the now; do not 

create work that relies on the rustic sentiment of ye olde crafter. That is tired and literally so 

yesterday. Make fresh, vital visual objects that are culturally relevant in the moment in which you 

are living.”42 Craft’s perceived incompatibility with technology needs to be challenged in order for 

the genuine relationship between the two to be made overt and the benefits more effectively 

maximised.  

 

The responses of craft practitioners to this challenge have been wide and varied. Some craft 

practitioners cite the lack of direct manipulation of materials as a reason for the exclusion of 

particular practices. Some attempts to mimic the kinaesthetic sense of direct manipulation with 

materials through the use of haptic devices had been suggested as early as 1948 by Norbert Wiener 

in his book Cybernetics.43 More recent subscribers to this theory include Nicholas Negraponte, 

founder of MediaLab at MIT, who states that “computers won’t really progress in creative terms 

until they get beyond point and press functions and start to integrate with human skills”; he 

imagines a digital near-future with gloves and clothing embedded with sensors.44 Negroponte’s 

digital near-future has yet to materialise, and I assert that it is not by mimicking a particular process 

or material that craft practice can most directly respond to the challenges. This is because, for all its 

esoteric characteristics, there is something inherently practical about craft practice, and it is a skill 

most often practiced for a living.45  According to McCullough, craft is essentially a practical 

surmounting of technical challenges in a no-nonsense fashion: “Skilled work applied toward practical 

ends.”46 The practical component is not to be confused with efficiency, although efficiency is 
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undoubtedly an element; it is what is deemed practical, with the quality of the result being 

paramount. Craft practitioners make use of the most suitable tools that are available to them and 

become experts in using these tools, which a particularly important point for the new technology 

being considered in the current project. Craft practice is not in fact about any particular tool at all. At 

its core, craft practice is fundamentally about human resourcefulness. Contrary to nostalgic 

attitudes, craft practices should not be so invested in any individual technology, material, or process 

that they will continue to use it, or mimic it, for its own sake long after it has ceased being useful. 

Malcolm McCullough explains this point clearly:  

 

Histories of technology reveal the increasing abstraction of work. Successive levels of 
invention have freed us from hunting down our next meal, breaking our backs in the fields, 
sweating over the forge, and numbing our minds with accounting. Each level forms a layer 
over the old, rather than casting it aside, as in the stages of natural growth. This means that 
even if new abstractions eventually become the most prominent methods, they do not 
replace existing activities so much as transform or complement them.47 
 

According to Mary Little, rather than being about a specific activity, craft practice is described as 

having “autonomy in a field of knowledge”.48 Peter Dormer concurs with Little, arguing that: 

 

Craftspeople can be defined generally as people engaged in a practical activity where they 
are seen to be in control of their own work. They are in control by virtue of possessing 
personal know-how that allows them to be masters or mistresses of the available 
technology, irrespective of whether it is a mould, a hand tool, an electrically driven machine 
or a computer. It is not craft as ‘handcraft’ that defines contemporary craftsmanship: it is 
craft as knowledge that empowers a maker to take charge of the technology.49 

 

The lack of tactile or physical encounter with materials as the basis for decision making is cited by 

many as a reason that computing cannot be regarded as a craft in its own right,50 but, based on the 

opinions of critics such as Dormer and Little, the reality is that craft practice is in constant flux and 

increased levels of abstraction have a multitude of historical precedents. A denial of computing as 

craft practice is certainly not a universally held opinion. McCullough asserts that the fast repetitive 

movements of the computer graphics artisan are very similar to the motions present in traditional 

handcraft: “They do not rely on pressure but on position, velocity, or acceleration. The artisan’s eye 

is not on the hand but elsewhere, on a screen.”51 He goes on to describe the action of the computer 

graphics artisan: “If we test a description of this work against Diderot’s description of craft, almost 

every word fits.”52 Frayling describes craftsmanship as “the patient mastery of technique until it 

becomes second nature”,53 while McCullough confirms it as “habitual skilled practice with particular 
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tools, materials or media”.54 Frayling asserts that contemporary craft “returns us to something that 

in practice is often deeper, commonly requiring both collaboration with other people and 

collaboration with machines”.55  

 

Whether or not the use of a computer in itself can be classified as craft practice is not the focus of 

my research. However, it is fundamental to the work that CAD design software and the computer 

can be manipulated in the hands of the skilled practitioner to have a great potential. In fact, beyond 

purely considering ideas of generating outcomes using the computer, McCullough states that 

computers and CAD software have the potential to reverse the greatest blow against the artisan that 

occurred two centuries ago when production became too large and complex for the individual.56 

McCullough made these predictions when the technology of additive manufacturing was in its 

relative infancy, still based in rapid prototyping and not direct manufacture, and he made no direct 

reference to it. Sixteen years on from his predictions, there are highly sophisticated computer-based 

design tools available to the lone craft practitioner, and it is the combination of these CAD design 

tools with the advanced technology of additive manufacturing that are the focus of my practice-

based research.  
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CHAPTER 4 

 

Technology and the Craftsperson: Contemporary Examples of Craftspeople 

Embracing Technology 

 

 

4.1 Introduction 

This chapter will examine the current landscape within the field of additive manufacturing and its 

use for the production of what this research project considers to be craft objects. Only select objects 

that demonstrate a high level of skill in their execution will be discussed; skill and what constitutes a 

high level of skill will be addressed in its own right later in this exegesis. This chapter will place less 

emphasis on the objects themselves and more on the practitioners and their process and 

philosophies.  

 

My research commenced at the beginning of 2012 and I soon identified the Belgian company 

Materialise as an organisation that was highly active in terms of attempting to promote 3D printing 

to a non-traditional audience (outside of the rapid prototyping sphere). Fortuitously, the biannual 

Materialise World Conference was held from 18 to 20 April 2012, in Leuven, Belgium, to which I 

visited. It was an excellent opportunity to view first-hand the objects and processes that are the 

focus of this research.  

 

In 2003, Materialise in 2003 launched the .MGX collection as part of its strategy to elevate the status 

of 3D printing. This is a carefully curated and highly exclusive selection of exemplars of excellence 

within the field of 3D printing. Items from the .MGX collection can be viewed at the Materialise 

.MGX Flagship store in Brussels, Belgium, or from selected exclusive design retailers worldwide. 

Items can also be purchased online from the .MGX collection website.  

 

I toured the Materialise facilities in Leuven and viewed these seemingly mysterious objects first 

hand. Also displayed at the conference were collaborative works by Dutch fashion designer Iris van 

Herpen and London-based architect Daniel Widrig. Fig. 64 shows Escapism, a 3D printed dress 

created as a collaboration between the two and Materialise for the .MGX collection.53 It was 

selected by Time Magazine as one of the 50 best inventions of 2011.54 
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Fig. 64 Iris van Herpen, Daniel Widrig, and Materialise, Escapism, 2011, http://www.dezeen.com, accessed 24 

May 2015. 

In his closing speech at the Materialise World Conference in 2012, Materialise CEO Wilfried Van 

Craen stated that each of the objects contained in the .MGX collection has significant meaning with 

regard to the developments within the field of 3D printing in terms of its historical development. 

Inclusion within the collection is by invitation only, and for a designer to have their work included in 

this collection is a significant achievement. New designs and less frequently new designers are 

periodically admitted to the .MGX collection but by no means is there a steady stream of new work 

being added. During the period of this doctoral research (over four years), only one new designer, 

Niccolo Cassas, was invited.55 Cassas was included in the .MGX for his Alchemy collection of 

jewellery/wearable items (Fig. 65), which were some of the first wearable 3D printed items available 

for purchase.  
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Fig. 65 Niccolo Cassas Alchemy, 2011. www.suckerpunchdaily.com/tag/niccolo-casas, accessed 24 May 2015. 

 

To be among the ranks of designers included in the .MGX collection is a clear indication of being 

among the elite in terms of design for additive manufacturing. When mentioning designers included 

in the .MGX collection, Van Craen referred to their work as craftsmanship.56   

 

This chapter will focus on craftspeople who are operating both within and outside the sphere of 

additive manufacturing; the common element is their relationship with new technologies and how 

they have integrated them into their respective practices. In identifying these practitioners, I 

considered the .MGX collection to be an excellent place to begin to find one of the most highly 

skilled practitioners working within the field of 3D printing. The primary reason for this choice is that 

all artefacts have already been through a rigorous selection process by experts within Materialise 

themselves and are all considered experts in the field of 3D printing. I will now discuss the work of 

two artists as case studies. 
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4.2 Case Study 1: The Work of Bathsheba Grossman  
 

The work of Bathsheba Grossman has been selected as the first of two case studies. Grossman is an 

American sculptor/designer who works exclusively with digital technologies. Grossman trained as a 

mathematician at Harvard, graduating in 1988, and then studied art at the University of 

Pennsylvania in 1993.57 Grossman is of particular interest to this research as her practice predates 

direct manufacture using 3D printing, and thus serves as an excellent example of how the various 

processes were integrated into her practice as they became more advanced. Grossman began 

making mathematical sculpture and the design named Ears shown in Fig. 66 predates her use of CAD 

and 3D printing.58  

 

 
Fig. 66 Bathsheba Grossman, Ears, www.bathsheba.com/gallery/bronze/ears, accessed 12/05/2015 

 

Ears illustrates the kind of forms that Grossman was trying to achieve prior to her use of CAD and 3D 

printing, and her early work makes extensive use of symmetry which is easily achieved in CAD. 

Grossman began using 3D printing in 1997 and at the same time taught herself how to use 

Rhinoceros 3D CAD modelling software. She began using the Z-Corp 3D printing process, using both 

sandstone material and in particular a corn starch material that was suitable for investment casting.  
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www.mgxbymaterialise.com/designers/designer/detail/detail/3, accessed 30 May 2014. 
58 Bathsheba Grossman, Ears, www.bathsheba.com/gallery/bronze/ears, accessed 12 May 2015. 
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Grossman made bronze sculpture using traditional methods for a number of years before switching 

her efforts to digital technologies in 1998. Grossman’s transition to additive manufacturing 

processes was a gradual process that followed the evolution of the technology over a period of 

years. Fig. 67 shows another of Grossman’s works, titled Seven Spheres; this design had parts that 

were made from investment cast Pewter, with the masters made from Stereolithography resin. This 

technique, although successful, proved too labour intensive, and Grossman could not make it 

economically viable to produce these objects this way.59  

 

 
Fig. 67 Bathsheba Grossman, Seven Spheres, www.bathsheba.com/gallery/bronze/sevenspheresp, accessed 17 

May 2015. 

Problems with this process were that the corn starch masters needed intensive hand finishing and 

polishing prior to casting; many items simply failed to pour correctly; and, due to the fragile nature 

of the corn starch masters, many of the models simply broke in the mail. All of these factors made 

this workflow a time-consuming and costly process, pricing Grossman’s items at a higher price than 

the market could bear.60
  

 

Grossman has also worked on larger commissions, and Fig. 68 of Flow, installed at the Beckman 

Institute, Urbana-Champaign, Illinois, shows her workflow of CAD and the splitting up of the CAD 

model into sizes suitable for 3D printing, the assembly process of the bronze parts following casting, 

and the finished design.61  
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Fig. 68 Bathsheba Grossman, Flow, http://www.bathsheba.com/gallery/commissions/flow/, accessed 13 May 

2015. 

In 2003, Grossman began using Ex One Direct Metal Printing to produce her works. Fig. 68, which 

was printed using the Ex One printing process, shows a revision of the original Seven Spheres shown 

in Fig. 69.  

 

 

Fig. 69 Bathsheba Grossman, Seven Spheres, www.bathsheba.com/gallery/archive/sevenspheres, accessed 15 

May 2015. 

 

The parts created by the Ex One process are extremely robust, and Grossman relates this is a 

particular characteristic of this process that she likes.62  

                                                           
62 “How Bathsheba Sculpture uses T-Splines for Rhino” (at 0:08:23).  
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The accuracy and the consistency of this process has allowed Grossman to remain active as a 

sculptor and she has generated an extensive body of work since adopting the 3D printing process, 

much of which is available through her own web-shop through Shapeways, a leading 3D printing 

service provider. Grossman was the first to sign up for a web-shop on Shapeways, making hers the 

oldest web-shop on the Shapeways website. The Shapeways web-shop is a new and exciting 

platform which allows practitioners such as Grossman to access a worldwide audience, thus 

extending the influence of their work immeasurably, a point very important to this research area.  

 

As well as working with metal 3D printing technologies, Grossman has also made extensive use of 

plastic additive manufacturing technologies. Her work within the Materialise .MGX collection 

demonstrates use of primarily SLS printing but also SLA technology and she is responsible for 

arguably the most iconic design present in the .MGX collection, Quinn, which was named one of the 

top 100 designs by Time magazine in 2008.63  

 

 
 Fig. 70 Bathsheba Grossman, Quinn, www.archiexpo.com/prod/mgx-materialise, accessed 13 May 2015. 

 

The Quinn lamp shown in Fig. 70 is undoubtedly one of the best known early examples of 

craftsmanship using 3D printing, and places Grossman among the elite practitioners making use of 

the 3D printing processes.  
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On her website, Grossman notes her unlikely inspirations: “The seed of a new sculpture can be 

anything. A polyhedron (cube? disphenoid?), a thumbnail sketch gone right or gone wrong, a 

concept (larva lamp!), a knot in some string, a Pokémon, an actual seed. It's rare that a model starts 

in the computer, but it's happened.”64 Far from abandoning all traditional tools, Grossman chooses 

to sketch first or make models using plasticine. Only when this process has been exhausted does she 

move into CAD. Grossman primarily uses Rhinoceros surface modelling software to model her 

designs, stating that it is partly because she knows it so well but also because it delivers a “high-

energy balance between freedom and precision”65. She also uses a subdivision modelling program 

called T-Splines, which operates inside Rhinoceros 3D modelling software. Grossman also uses a 

mesh modelling program called ZBrush to create elaborate surface textures and patterns that she 

applies to existing models. Fig. 71 and 72 show some of Grossman’s models and the processes used 

to create them.66  

 

Fig. 71 below shows a model called Tuskshell, created using Grossman’s own hybrid approach. The 

bulk of the model was created in Rhinoceros, making use of the T-Splines plug in. The upper heavily 

pierced and textured surface was made entirely in Z-Brush and the two parts were virtually fused 

together prior to printing.67  

 

 
Fig. 71 Bathsheba Grossman, Tuskshell, www.bathsheba.com/bio/tuskshell/, accessed 13/05/2015 
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Fig. 72 shows another of Grossman’s designs called Control-Alt-Whelk, which also uses her hybrid 

approach using Rhino and T-Splines to create the overall geometry and then Z-Brush for texturing.68  

 

 
Fig. 72 Bathsheba Grossman, Control-Alt-Whelk, www.bathsheba.com/bio/tuskshell/, accessed 13 May 2015. 

 

When describing her process, she states that she typically only models two designs a year, as they 

can take months in the modelling phase. This reveals a great deal about the motives and values that 

she espouses. In her own words: 

 

I typically spend a lot of time in the CAD phase of a new piece: weeks to months, between 
midnight and dawn. I'm a very slow modeler, and I'm at peace with that. I am pretty sure the 
bottleneck is think time rather than hardware or software, so I don't stress about it as long 
as work is getting done.69 

 

The above statement demonstrates that a key priority for Grossman is the quality of the result; 

whether her work is a hand-made sculpture or a CAD-designed 3D print, the motives are the same. 

The quality of the result takes precedence over other factors, such as cost effectiveness or efficiency. 

Grossman’s own description of her process and how she has embraced the technologies of CAD and 

3D printing and integrated them into her process reveals that she has made use of them and 

controlled them to her own ends rather than letting them dominate her work. This is in agreement 

with Dormer’s ideas about mastering technology for craft rather than the inverse.70  

 

The influence that the combined technologies of 3D printing and CAD have had on Bathsheba 

Grossman’s practice and, as a result, her life, is pertinent to the current research project. She has 
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been able to take charge of the technologies of CAD and 3D printing in the true craft fashion; to 

create designs that would otherwise have been almost impossible to execute; and to introduce them 

to an audience on a global scale. Her influence and values as a craft practitioner have had and 

continue to exert an enormous influence within the world of man-made objects, much more than 

would ever be the case had she not chosen to embrace these technologies. Ultimately and most 

pertinent to this study is that Grossman is in control and decides what gets made and how much of it 

gets made. When discussing her own practice, she states below:  

 

I never drilled far into the traditional art world, which is all right: long ago I made the 
decision to work for viewers and buyers—you—rather than middlemen. That's what the 
internet is for. The logical outcome of this decision was that only few enthusiasts would ever 
take an interest in my work, and it's been such a surprise that it didn't turn out that way.           
 
Thank you for letting me have this job.71 
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4.2 Case Study 2: The Work of David Trubridge  
 

The work of David Trubridge has been selected as the second case study for this chapter. Trubridge 

has been selected not because he is an expert in using the technology of 3D printing (on the 

contrary, he is not) but because he is a craftsman of world renown who has successfully integrated 

the related technology of the CNC router into his practice. Like Grossman, Trubridge began his 

practice well in advance of the technological advances that made some of his more recent designs 

viable.  

 

Trubridge graduated from Newcastle University, UK, in 1972 with a degree in Naval Architecture 

(Boat Design) and began building furniture while working as a forester in Northumberland. In 1985, 

Trubridge immigrated to New Zealand and began building furniture that was heavily influenced by 

the sea.72 Trubridge’s rise into the world spotlight came in 2001 with the re-launch of a modified 

1998 design named Body Raft at the Milan Furniture Fair. The design and rights to reproduce the 

design were purchased by Italian furniture manufacturer Capellini, which continues to produce this 

design today.73  

 

 
Fig. 73 David Trubridge, Body Raft, www.evolo.us/architecture/david-trubridge, accessed 25 June 2015. 

 

The Body Raft design that was popularised at the Milan Furniture Fair is shown in Fig. 73.74 This 

design was a re-working of a previous design called Body Raft (1998) shown in Fig. 74, which was the 

second of two original designs. The 1998 designs had been shown in the 100% Design exhibition held 

in London in 1999. At the time, Trubridge had been asked by an Italian manufacturer if he could 

change the design so they could manufacture it under licence from him.75  
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Fig. 74 David Trubridge, Body Raft 1998, steam-bent wych elm with pegged joints, 210 x 78 x 62 cm 

www.artvalue.com/auctionresult--trubridge-david, accessed 25 June 2015. 

 

The Body Raft featured on the right in Fig. 75 was the first design and the design on the left is the 

same as in Fig. 74, and both were made using entirely hand processes. The Body Raft on the left was 

made using steam-bent lateral supports and the second example on the right was created using a 

diagonal support technique similar to diagonal laminated veneers used in traditional wooden 

boatbuilding.76 Trubridge’s inspiration can be seen in the wall-mounted images behind the designs.  

 

 
Fig. 75 David Trubridge, “Furniture in Context, Hastings, New Zealand 1998”, in So Far (Nelson, New Zealand: 

Craig Potton Publishing, 2013), 127. 
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Fig. 76 shows the process of building the first body raft, with the diagonal laminating technique 

partially complete.  

 
Fig. 76 David Trubridge, Building the first Body Raft, in So Far (Nelson, New Zealand: Craig Potton Publishing, 

2013), 127. 

 

In considering how to alter the design in order for it to be viable to make in numbers, Trubridge 

spent a year ruminating without any success. In what he refers to as an unguarded moment, he had 

an idea for a modified design. This idea would use a CNC router to accurately cut the lateral support 

members and also cut jigs to hold the object while it was being assembled. Trubrige had a problem 

as he had only ever used a computer for sending emails and ordering stock. He unsuccessfully 

attempted to get someone else to model his design but ultimately taught himself to use Rhinoceros 

3D modelling software, with the result shown in Fig. 77.77 

 
Fig. 77 David Trubridge, Body Raft (2000), in So Far (Nelson, New Zealand: Craig Potton Publishing, 2013), 131. 
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Fig. 78 shows a close up of Body Raft (2000), clearly showing the CNC-cut plywood cross-supports.  

 

 
Fig. 78 David Trubridge, Body Raft (2000), www.ap.haworth.com/images, accessed 25 June 2015. 

 

 

 

Fig. 79 on the left shows the modified design and on the right CNC-machined jigs for accurate 

placement of the steam bent longitudinal slats.78  

 

 

 

 

Fig. 79 David Trubridge, Body Raft (2000), in So Far (Nelson, New Zealand: Craig Potton Publishing, 2013), 135. 
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In concluding, the two examples of Bathsheba Grossman and David Trubridge have shown how 

highly skilled current craft practitioners can utilise technology to expand the possibilities of their 

practice. Dormer’s statement below is highly applicable to both of these case studies in that the 

practitioners possessed sufficient skill to take charge of the technology, rather than to let it take 

charge of their practice: 

  
It is not craft and handicraft that defines contemporary craftsmanship: it is craft as 
knowledge that empowers a maker to take charge of technology.79  
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Chapter 5 Major Studio Project: 

Collaboration with Materialise and Melinda Looi 

The Materialise Asia Pacific Conference held in June 2013, mentioned earlier in this exegesis, was 

the catalyst for the major piece of work for this study. Melinda Looi, the Malaysian fashion designer 

who presented her 3D printed collection at the conference, saw The Peacemaker and contacted me 

through Wim Michaels so as to arrange a collaborative project on a fashion item. In September 

2013, several Skype meetings were held to introduce members of the project team to each other. 

Participants included Michaels (Materialise); Looi and Dirk Luebbert (Melinda Looi Couture); and 

myself.  

 

The roles allocated as a result of these meetings were as follows: Melinda Looi was to provide 

conceptual design direction and ongoing design input through sketches, from which I would 

generate a finished, printable design and Materialise would provide technical expertise with regard 

to the 3D printing process, and be responsible for the actual printing of the finished artefact itself. It 

was envisioned that this collaborative exercise would work in a similar way to collaborative projects 

such as the work by Iris Van Herpen and Daniel Widrig on the Escapism dress completed in 2011.   

 

Initially, the request was to improve an existing design of Melinda Looi’s, the Peacock Dress, and 

optimise it for 3D printing. As shown in Fig. 80, the Peacock Dress had some technical problems with 

this design as it was extremely rigid and heavy and was deemed impractical. This design was also 

extremely expensive to print, containing a large amount of rigid, thick material.  

 
Fig. 80 Materialise and Melinda Looi, Peacock Dress, http://www.designboom.com/wp-content, accessed 23 

June 2014.   

It was quickly decided that to take maximum advantage of the team’s combined expertise, rather 

than re-visit an existing design in order to improve it, the preferred course of action was to focus 

efforts toward the creation of a new ground-breaking design.  
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Thus, Looi provided concept sketches (Fig. 81) of a collection currently in the initial phases of the 

design process. The collection was influenced by the sea, particularly coral.  

 
Fig. 81 Melinda Looi, concept sketches of coral inspired dress designs  

 

The relationship between the three parties within the team is important for this doctoral study. As 

designer, Melinda Looi provided the design direction and overall influence (of importance to this 

study is the fact that the sketches shown in Fig. 81 make no reference to the 3D printing process 

whatsoever), while as fabricator, Materialise provided the engineering and technical expertise vital 

to the success of the project. This leaves my role as the skilled 3D printing specialist whose job is to 

bridge the considerable gap between these two areas of expertise. In order to access the 

revolutionary potential of the 3D printing process, the specialist is an invaluable member of the 

team. To be able to meet this challenge requires a deep understanding of the many processes that 

make up the 3D printing landscape. Also for each of these specific processes, a thorough 

understanding of the design rules, material properties and availability and various build capacities of 

these technologies is essential.  

 

The complexity of the task requires a high level of autonomy and design freedom in order for the 

specialist to be able to complete their task successfully. This point is in accordance with Ruskins key 

ideas of the importance of autonomy for the craftsperson.The challenge for the specialist is to create 

a design that represents a revolutionary technical achievement which will appeal to a technical 

audience and thus serve as a beacon of technical achievement and prowess for the company 

Materialise on the world stage. Alongside this criterion, the design also needs to maintain its design 
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intent (as directed by Melinda Looi) and present as an exemplar of cutting-edge fashion. The 

specialist needs to satisfy two audiences that are poles apart in their respective fields but that are 

brought together in mutual appreciation of a single design.  

 

It is important to emphasise that the sketches shown in Fig. 81 were simply guidance sketches, 

suggesting a direction in which to proceed. The images of coral and marine structures represented 

the design direction for the project. From this point on, the design was entirely in my hands. There 

was no suggestion on the type of material to be used or whether there was to be assembly in the 

design or not.  

 

At this point, I engaged with the design process and began, as always, with divergent research which 

involved progress on a number of fronts. One direction involved further interrogating the 

coral/marine direction. This was undertaken to see if any stylistic clues presented themselves. These 

clues could potentially influence any 3D printed structures that could be used for the fashion items 

in the project.   

 

 
Fig. 82 Collage of research images compiled as a visual reference  

 

In parallel to the research into coral structures, I also conducted research into the type of materials 

that might be used on the project. As Materialise were going to be printing the design, I examined 

the materials they offer as part of their 3D printing service provision in detail. I identified 

Thermoplastic Polyurethane (TPU) as a recent addition to the Materialise portfolio of materials. An 

elastomeric material, TPU is unlike previously available 3D printed elastomeric materials in that it is 

strong and durable. Materialise’s TPU is a functional material and represented an excellent option 
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for printing of fashion items. The TPU material uses an SLS process which generates no rigid support 

material as it uses unfused powder from the process to support the design during printing. This is an 

excellent characteristic of the process and an important consideration when printing complex 

designs.   

 

Research into TPU involved developing test structures in Solidworks, the purpose of which was to 

learn as much as possible about the TPU material in as short a time as possible. Each of the 

structures was developed to test a particular design performance element/feature or property of 

the TPU.  

 

 
Fig. 83 TPU test structure 3D model  

 

Fig. 83 was designed to test the flexibility of the material to create a wave-like effect and its ability to 

move in the same way that sea grass delicately moves under water. It also was designed to test 

whether the material is self-supporting or not. Would the individual strands flop over, as they are 

only 1mm in diameter, or would they remain upright?  
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Fig. 84 TPU test structure Diminishing Grid  

 

Fig. 84 was designed to test the limits of the TPU printing process in terms of its resolution. The grid 

structure at its thickest was well within the permissible limits of print resolution for the process. The 

opposite end of the grid was well outside the resolution limits of the printer, being only 0.15mm 

diameter. The purpose of the test was to see at what point the print resolution started to fail and 

what happened when it did start to fail. 

 

 
Fig. 85 TPU test structure hinge clearance  

 

Fig. 85 tested the TPU process and its ability to create interlocking and moving parts. Design rules 

are clear for rigid SLS materials such as Polyamide, but I wanted to see if these rules were the same 

for TPU. The test involved hinged rows of elements, each row having a reduced tolerance/clearance 

than the previous one in order to ascertain which tolerance is required to produce a successfully 

functioning hinge.   
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Fig. 86 TPU test structure hinge clearance  

 

Fig. 86 was similar to the sea grass example shown in Fig. 81, in that it was designed to test the 

flexibility and the level of fluid movement of a group of multiple entities. In addition to the 

movement, this test also included a component of resolution testing. The individual strands were 

tapered from an easily achievable base to a slender point that was well beyond Materialise’s 

recommended design guidelines for the TPU process/material. 

 
Fig. 87 TPU test structure hinge clearance  
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Fig. 87 was intended to test the flexibility of the TPU material and its ability to make thin sheet-like 

structures. At 0.8mm wall thickness, this structure was at the edge of the recommended thickness 

for this process. This structure was designed to test the consistency of the thin structure and its 

ability to create a concertina-like mechanism.  

 

These test structures were exported from Solidworks to an STL format and sent to Materialise for 

printing. As the TPU materials were so new, I thought it pragmatic to conduct research into more 

established materials and processes with which I was familiar. Working as part of a collaborative 

exercise, I wanted to be sure of delivering an outcome; for this reason progressing on multiple fronts 

in a belt-and-braces fashion until a clear direction manifests itself out of the process of accumulating 

knowledge. Rigid material technologies included SLA, SLS, FDM Objet/Projet, among others. Many of 

these processes print in materials that are non-functional; this means that the materials used for 

printing are not able to be used in an end use scenario. These materials are prone to rapid 

discoloration and degradation when exposed to UV light and quickly become brittle. Thus, they were 

considered unsuitable for this project. These are vitally important factors and highly pertinent to this 

study; expertise in 3D printing for one type of process is often not applicable to another process and 

often the physical design would need to be quite different for each method of manufacture. All 3D 

printing technologies have their idiosyncrasies and operate in a different way, and each requires a 

different approach. Any design specialist in 3D printing has to maintain their knowledge across these 

processes in order for their knowledge to remain current. This type of knowledge is not dissimilar to 

that of a cabinetmaker selecting the best kind of timber and processes for the creation of an 

artefact.  

 

I considered the process of SLS in nylon to be a frontrunner for any designs created for this project. 

Reasons for this include that it is a tried and tested process capable of creating durable, functional 

parts from an end use material (polyamide/nylon). SLS also generates no support material as it uses 

the unfused powder from the process as support. For this reason, in addition to undertaking 

research into TPU material, I developed concepts for rigid structures printed in polyamide or a 

similar end use material.  
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Fig. 88 rigid structure sketch development 

 

Fig. 88 shows the sketch development of rigid interlocking structures based on stylistic references 

taken from marine structures. Numerous variations were developed and three were selected to be 

taken into Solidworks for further development. Figs. 87–89 show the three selected structures.  

 
Fig. 89 rigid structure A, Solidworks concept model 
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Structure A shown in Fig. 89 is a hexagon style structure based on the geometry of coral polyps. This 

structure has six-sided structural elements and is linked by separate joiners, each linking three of the 

six-sided polyps at each junction. 

 
Fig.90 rigid structure B, Solidworks concept model 

 

Fig. 90 shows structure B, a highly robust structure not using separated links between the main parts 

but instead using features on the parts themselves. Fig. 91 structure C is an open lace-like structure 

designed for maximum flexibility. The design contains ring elements each linking three individual 

elements. In this design, each individual segment is linked to 12 separate parts. This makes the 

structure strong despite its delicate appearance.     

 
Fig. 91 rigid structure C, Solidworks concept model 
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In order to expedite the process of evaluation, these structures were printed at Griffith University on 

the Gold Coast (Queensland, Australia) on a Pro-Jet 3500 printer. This type of printer does not 

simulate the material properties of SLS Polyamide (the intended print method and material) but this 

was not the purpose of these samples. This process is in fact more dimensionally accurate than the 

intended SLS process. Having already had extensive experience with this material and process, I 

decided that this process would provide useful samples. These samples were simply intended to 

evaluate the flexibility of the structures and their aesthetic appeal. Figs. 92–94 show the printed 

structures.  

 

 
 Fig. 92 Pro Jet 3D print of rigid structure A 
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Fig. 93 Pro Jet 3D print of rigid structure B 

 

 
Fig. 94 Pro Jet 3D print of rigid structure C 
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These 3D printed structures were studied on the Gold Coast and then posted to Malaysia for 

evaluation. As a result of the ensuing discussions with Melinda Looi, structures A and C were 

selected for future development.  

 

Another critical factor in deciding what to make and the material/process to use is the build volume 

of the available 3D printing machines. If this is not considered, then a design is nothing more than a 

theoretical proposition. All 3D printing technologies are restricted to the volumetric capacities of 

their respective machines and how big these various technologies can build. More importantly for 

this study was the question of how big are the machines are that I had access to.  

 

At the time of this project, Materialise had an EOS EOSINT p730 machine with a build capacity of 650 

x 330 x 560mm dedicated to SLS Polyamide. This is a large capacity machine and allows for a 

significant amount of 3D geometry to be built in a single build. At the time of this project, 

Materialise had dedicated a much smaller machine to its TPU material, 170 x 215 x 325mm (about 

the size of a shoe box).  

 

Physical models of both build envelopes were made at this stage to view both of these build 

envelopes side by side and in context with the real world. Figs. 95 and 96 show these models.  

 

 
Fig. 95 Cardboard model of SLS, Polyamide maximum build envelope 
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Fig. 96 Cardboard model of SLS, TPU maximum build envelope 

 

 

Although extremely rudimentary in their nature, the models of the shown in these figures provided 

vital information and were a highly important tool for informing the design process. Being able to 

view something physically rather than virtually can be of great assistance when gauging sizes and 

volumes and provide yet another vital piece of knowledge valuable to the progress of a project.  

 

The respective capacities of the machines dedicated to the processes above played a large part in 

the final decision of how to proceed for this project. The aim of this study was to produce a 

masterpiece, and potentially do something that had not been done previously within the sphere of 

3D printing. Based on these factors, the success of the interlocking structures and the knowledge of 

what had been achieved before (in the world of fashion), I suggested to the other partners, 

Materialise and Melinda Looi, that we proceed with the aim of producing the World’s first full length 

evening dress printed as a single part. This proposal was unanimously accepted by the partners. 

 

From this point, a clear design direction was present. Melinda Looi expressed a desire to incorporate 

Swarovski crystals into the elements on the design and this was the next area of development for 

the study. The structure from Fig. 89 was taken as a starting point and modified to accommodate 

Swarovski crystals that had been supplied to this study by Melinda Looi. Fig. 97 shows the original 

structure modified to receive the crystals.  
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Fig. 97 Rigid structure modified to accept Swarovski crystals 

 

The revised structure was printed by Materialise and Auckland University of Technology and samples 

were posted to Melinda Looi for evaluation. 

  

The consensus of opinion from this evaluation was that by thickening the structure to accommodate 

the Swarovski Crystals, the work had lost some of its aesthetic appeal. The structure had been 

thickened at this point from around 5mm as in Fig. 89 to being in excess of 8mm, as shown in Fig, 97. 

In addition to the aesthetic impact of the thickening, important considerations include the addition 

of material, which has an impact on the overall cost of the final model and also, very importantly, 

the weight of the final object. 

  

It was decided that the thickness of the structure of the design needed to be minimised and one way 

to do this was to change the existing crystal (a Chaton Xillon Cut) for a design with a thinner profile 

(a Rivoli Cut). A library of Swarovski crystals is available in Rhino Gold, which is an add-in for 

Rhinoceros 3D modelling software. These libraries were looked through extensively and all crystals 

that looked like a potential match were exported in IGES format for integration into the Solidworks 

build.  

 

The final crystal that was selected from the Swarovski library was a 1122.SS29, pictured in Fig. 98 
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Fig. 98 Swarovski Rivoli cut crystal dimensions  

 

The Rivoli cut crystal has a symmetrical profile front and back that significantly reduces the overall 

profile of the object.  

 

Fig. 99 is shown to provide some context of scale to the objects being discussed. Fig. 99 also shows 

the Foil Backing of these crystals designed to increase reflectivity and thus sparkle. Each of the 

square segments on the green ground plane is 10mm square.   
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Fig. 99 Swarovski Rivoli cut crystals 

 

Fig. 100 shows the results of a combination of the integration of the new crystal and a complete re-

working of the design of the polyps themselves. The crystals are now supported around their 

perimeter and not across the entire back of the crystal. This allows the crystal to protrude deep into 

the heart of the polyp structure. This design development reduced the overall height of the structure 

to less than 5mm from a previous height of 8mm. In fact, this optimised structure was thinner in 

profile than the original test structure that contained no crystals at all (shown in Fig. 89).  

 

  
Fig. 100 Revised structure containing new crystals 
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At the same time, the ridged patterned features present on the upper surface of the individual 

elements were increased in size. Fig. 100 shows the original pattering on the right, which, even at 

close inspection, is difficult to distinguish and the simplified revised pattern integrated into the 

design is on the left. Fine features and details like these are extremely vulnerable to machine 

variations in the 3D printing process; even a slight variation in processing parameters can render 

details like this indistinguishable.  

 

The next stage of the project demonstrates the truly international nature of the project. Melinda 

Looi was to source a model to tailor the design specifically for.  Her chosen model Eleen (a Malaysian 

model); had to be digitally scanned in order to create a digital mannequin. At the time, Eleen was on 

a modelling assignment in Europe. Eventually, Eleen was digitally scanned in Switzerland by an 

Italian 3D scanning technician, Mr Daniel Siri.  

 

 
Fig. 101 digital scan point cloud data of Eleen 

 

Fig. 101 shows the raw point cloud data from the original scan sent to Australia. The point cloud data 

was registered (aligning the respective scans in relation to each other), and unwanted point cloud 

data were removed and the scans were converted into an STL mesh, which was subsequently 

converted into a solid model. This was carried out at Griffith University on the Gold Coast by 3D 

scanning expert Mr Chris Little using Geomagics software.  
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Fig. 102 shows the solid model of the mannequin generated from the scan data opened in Solidworks  

 

The 650 x 330 x 560mm spatial constraints of the SLS polyamide process could now be viewed in 

their correct context with the mannequin of Eleen. Fig. 103 shows a grey transparent bounding box 

representing the available build volume for the project. All 3D geometry for the full length dress had 

to be fitted into this area.  

 
Fig. 103 shows the solid model of the mannequin with spatial constraints bounding box in grey 
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The project then progressed onto the hand-sketching stage; Figs. 104–106 show development of the 

overall shape and style of the dress prior to the commencement of the final model. 

  

 

 
Fig. 104 sketch development over Solidworks mannequin 

 

 

Fig. 102 shows the model of Eleen in Solidworks being sketched over. The style is being developed in 

accordance with the original sketches received from Melinda Looi at the outset of the project. The 

front view to the right of Fig. 102 shows the beginnings of the consideration of how the dress would 

be packed into the build; the sketch shows a rolled-up section along with sketched boxes 

representing the outline of the build envelope.  
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Fig. 105 sketch development over Solidworks mannequin 

 

Fig. 105 shows further development of the style of the dress. The orthographic front view on the left 

displays a different hem style.  

 

Fig. 106 shows the final hand sketches of the dress design prior to the commencement of modelling.  
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Fig. 106 final concept development sketches 

 

The sketches shown in Fig. 106 are the guiding influence for the ongoing development of the dress 

and were returned to as a reference point while modelling in Solidworks.  

 

From the early development of the initial rigid structures, I made forays into CAD in order to develop 

a modelling strategy for this complex project. Over the following months, a number of different 

strategies for generating the layers of the project were tested. One strategy tested was modelling 

directly onto the surface of the digital mannequin. Potential benefits of this strategy include the fact 

that this would ensure an excellent fit to the model. Potential drawbacks of this strategy include the 

fact that the shape of the digital mannequin is highly irregular and because of this, the use of 

geometry patterning tools may have been restricted. Because of these reasons, this strategy was 

rejected. 

 

Other strategies tested involved creating a simplified shape of the mannequin using Solidworks 

surfaces. This simplified shape made the task of maintaining a controlled position of all of the many 

thousands of individual elements in relation to each other a much simpler proposition. At least five 

variations of this strategy were tested and the chosen strategy for this approach was tested in at 

least four different forms before a satisfactory result was achieved.  

 

At this point in the process, the research phase of the project was largely complete: many avenues 

had been researched that were all vital to ensuring the maximum possible chances of success for the 
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project. The structures that would make up the garment had been developed and tested; the style of 

the dress had also been established. Also, the build volumes of the machines to be used had been 

determined, and an approach for modelling has been developed as much as possible.  

 

Discussions were held August/September 2014 with Kaecee Fitzgerald from Materialise, and Looi 

and Luebbert from Melinda Looi Couture about the progress of the project and the potential 

completion date for the dress. A number of events and dates were discussed about where and when 

to launch the dress. It was decided to aim for an event being held at the Onassis Cultural Centre in 

Athens, Greece, 3D Printing: An Exhibition from the Future, on 15 December 2014.  

  

This date gave a clear deadline for the work to be completed and modelling began in early 

September 2014. The aim for this study was to have the design completed by early November 2014 

to allow time for printing of the garment and transportation. The dress was to be printed in Belgium, 

shipped to Malaysia for finishing, and transported back to Athens for around 7 December to allow 

for the setting up of the exhibition .  

 

The build of the dress in Solidworks began with the building of a surface model to represent a shape 

with the correct sizing for the dress. This model was used by the study as a reference when 

modelling the components of the dress. The surface model is shown in Fig. 107.   

 
Fig. 107 Solidworks mannequin surface model  

 

 

 

Fig. 108 shows the line A and its length, Line A is an intersection with the mannequin at a chosen 

height. Line B is a controlled ellipse, a rational piece of Solidworks sketch geometry. Its length is 
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guided by the length of intersection A and a tolerance of around 25mm is added to ensure the dress 

is not too tight.   

 

 
Fig. 108 assembly measurement sketch 

 

Figs. 109 and 110 show the extent of the planning sketches that were used to measure the 

mannequin and construct a framework for the surface model.  
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Fig. 109 assembly Planning sketch 

 

 

The ladder-like sketch shown in Fig. 108 is an assembly layout sketch that controls the spacing of 

each layer of the polyp like structures in relation to all other layers. These sketches were placed in 

the Solidworks Assembly file and the parts referenced these sketches. This model is built in such a 

way as to be Parametric. Parametric, when used in the context of CAD modelling, means parameters 

or dimensions can be altered and the model has the capacity to change or update to meet the 
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revised parameters.86 The planning sketches in Figs. 109 and 110 are editable and thus the model 

can be altered.   

 

 

 

 

 
Fig. 110 assembly Planning sketch 

 

 

 

 

 

                                                           
86

 Parametric Feature Based Modelling, 2011 http://engineershandbook.com/Software/cad2.htm#3dp, 
accessed 7 February 2014. 
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Fig. 111 shows the surface model at a refined stage of its development. The location of the plunged 

back and front can be seen in evidence as split lines traced onto the surface model.  

 

 
Fig. 111 completed surface model 

 

With the surface model complete, the process of modelling the actual dress could begin. It was 

decided to start at the thinnest section of the waist of the dress. This section was named level 0, as 

shown in Fig. 112. The polyp structures on Level 0 were 10mm in diameter. Each layer of the dress 

has 62 polyps.  
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Fig. 112 level 0 

 

A starting size of 10mm diameter was decided on as a result of minimum machine requirements in 

terms of clearance and minimum detail size. In order for the moving parts to function correctly, a 

minimum clearance of 0.4mm has to be adhered to. This study attempted to apply this rule in all but 

the most extreme circumstances. Another important factor is the thickness of the linkages between 

the individual polyps. These needed to be strong enough to ensure the dress does not literally tear 

apart when being worn. These linkages are 1mm in diameter and after testing the prints in the early 

stages of this project, it was decided that this was sufficient.  
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Fig. 113 level 0 detail 

 

The modelling of The Peacemaker had highlighted the potential problem with file size and its impact 

on computer performance. It had been anticipated that this was certainly going to be a problem 

with the modelling of the dress. The problem manifests itself when files contain such a large amount 

of geometry that the computer hardware can no longer keep up in real time with the speed that the 

operator wants to work at. If not managed correctly, this has the potential to dramatically slow 

down the progress of a model, and, if left unmanaged, can render a model completely unusable.  

 

It is possible that this issue can be addressed by increasing computing power but, as Solidworks 

software is typically used on PC workstations, there are technological constraints and budgetary 

considerations. For this project, a brand new PC desktop workstation was purchased for $5000 for 

the very reason of minimising lagging while modelling. 

 

The point at which this lagging problem will manifest itself is impossible to predict and depends on a 

number of factors; the type of computer being used plays a major part, as does the way the model is 

constructed and Solidworks and Windows settings. Usually, the modeller continues to work until it 

becomes a problem and a decision about how to manage this is made at this point. 

 

The complexity of this model made it abundantly clear that this was going to become a problem at 

some point. Over the duration of this project, a number of strategies were considered on how to 
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manage this issue. It is important to point out that any one of these strategies may have been 

successful. All were based on the premise of breaking the model up into manageable parts that 

could easily be worked upon without the aforementioned lag that could potentially be so 

detrimental to the process. Computer modelling programs such as Solidworks are extremely 

complex and there are usually a myriad of excellent possible solutions to any individual modelling 

problem. The identification of this issue prior to it occurring displays another characterisitic that this 

process shares with more traditional craft practice, pre-empting and strategizing prior to problems 

arising.  

 

The point when the modelling of the dress became a problem is pictured in Fig. 114. Five layers of 

one quarter of the dress contained 550 separate solid bodies. At this point, the slowing down of the 

model became evident and it was decided that this was the cut-off point in terms of complexity for 

the modelling of the dress. The dress would have to be divided into models no larger than this if it 

were to be a feasible proposition.   

 
Fig. 114 level 0 cut-off point 

 

Fig. 115 shows progress downward from layer 0. In the downward direction, numbers were used, 

and in the upward direction, letters were used. In Fig. 115, completed levels 0 and 1 are shown with 

level 2 and 3 in an unfinished state.  
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Fig. 115 levels progressing in a downward direction 

 

Also noticeable in this image is the taper of the dress; towards the bottom of the image, where the 

dress approaches the hips (which is the widest area of the design), it needs to be able to gradually 

taper outward from the waist as it moves down the body. This cannot be done by simply adding 

additional polyps as this would upset the pattern of the structures, as there have to be 62 individual 

polyp elements in each layer. This can only be achieved by gradually increasing the size of each layer 

of polyps. The polyps could not be scaled up as the socket for the Swarovski crystals has to remain 

the same and the scaling operation would change the internal details of the polyps. This meant that 

reusing geometry from previous layers was not possible as this made the transition visible to the 

naked eye. As a result of these factors, each layer (each level having five layers) had to have its own 

unique polyp that was slightly larger than the previous layer and slightly smaller than the following 

layer. An increase of around 0.2mm in overall diameter was approximately what was applied 

throughout the design.  
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Fig. 116 levels progressing in a downward direction 

 

 

Polyps in the waist section have an overall diameter of 10mm and at the lower section over 15mm 

diameter. Fig. 116 shows the dress progressing from layer 0 to layer 6 in a downward direction. It is 

important to mention that at this stage that only a quarter of the dress is being modelled. As the 

dress is elliptical in profile, an operation to mirror these quarter elements was planned to be carried 

out at the end of the modelling process.  
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Fig. 117 shows the dress progressing in an upward direction. Still showing are layers 1–6 but layers 0, 

A, B, C, and D are also visible.  

 

 

 
Fig. 117 levels progressing in a downward and upward direction 

 

 

At this point, it was decided that due to time constraints, the most challenging aspects of the dress 

should be tackled first. The shoulders and the front and back plunge details represented the biggest 

challenges on the immediate horizon, so resolving these issues was seen as a matter of urgency. 
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Fig. 118 shows the front opening of the dress and the opening for the right arm. At this point, no 

final decision had been made about the detailed resolution of this area.  

 

 

 
Fig. 118 front plunge detail and right arm opening 

 

 

In order to resolve these details, I decided to change tools for a period. Hand sketching is an 

indispensable part of the design process and is widely used in conjunction with CAD modelling when 

sketching over printed out images of the 3D model. This is by far the most efficient way to explore 

and resolve ideas quickly. The sketches in Fig. 119 show the polyps at the boundaries of the arm and 

the neck. Sketching on top of screen printouts is an extremely useful exercise. The model provides 

instant scale and proportion, so that the designer can integrate new elements as accurately and 

quickly as possible.   
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Fig. 119 sketch resolution of front plunge and arm details 

 

 

It is important to emphasise that even at this advanced stage, the design process is far from 

complete. A design such as the dress (and, for that matter, The Peacemaker) is so complicated that 

at any point, the creator can only see so far ahead. Major points are resolved in the designer’s mind 

in order to mitigate risk, but finer details (and some major ones too) are still unresolved. At this 

point, the front and back details were being finalised. This statement serves to reinforce the fact that 

the creator is still immersed deep within the creative process at this point. This point is counter to 

the perception that CAD is simply a documentation tool.  

 

The fitted bodice of the dress was a stylistic feature synonymous with Elizabethan dresses. When 

designing the shoulders and front and back detail, I wanted to ensure that they did not look 

incongruous with the waisted bodice. Stylistic cues were researched and the final design was heavily 

influenced by this style. Fig. 120 shows Eleanor of Toledo painted by Angelo Bronzino in 1544–55. 
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Fig. 120 Angelo Bronzino, Eleanor of Toledo, http://www.artble.com/artists/agnolo_bronzino, accessed 3 June 

2015.  

 

The design of the upper part of the dress was heavily influenced by this period; in particular, the 

geometry of the shoulder straps, the trellis style patterning on the front and back, and the pearl 

trimming at the boundaries of these areas.  

 

http://www.artble.com/artists/agnolo_bronzino
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Fig. 121 Marcus Gheeraerts the Younger, The Ditchley Portrait of Queen Elizabeth 1st, 

http://arteverywhere.org.uk/, accessed 7 June 2015.  

  

 

Fig. 121 shows the use of pearls for trimming edges and boundaries in the Ditchley Portrait of Queen 

Elizabeth 1st painted by Marcus Gheeraerts the Younger in 1592. Fig. 122 shows the boundary 

openings development of the front and back areas of the dress in areas in Solidworks. As previously 

mentioned, the pearl boundary detail is designed to be in keeping with the overall theme of marine 

life.  
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Fig. 122 Solidworks development of front, back and arm boundaries 

 

The design of the shoulders was heavily influenced by the build envelope. The overall length 

dimension of 650mm meant that a section of the dress from the hips to the upper chest area could 

be printed in one straight section. However, the shoulder straps extend beyond the build envelope 

and needed to be folded down into the inside of the dress for printing in order to keep them within 

the build constraints.  

 

The length of the design for the shoulder straps was taken from measurements taken from the 

digital mannequin of Eleen and they were modelled in an upright position as shown in Fig. 123 A, 

and shown in their folded state in Fig. 123 B.   

 

 



114 
 

 
 

Fig. 123 shoulder strap development in upright and folded positions 

 

 

An important consideration vital to the success of the project is ensuring the model can get into and 

out of the dress. For this purpose, a clasp design specific to the 3D printing process was designed, as 

shown in Figs. 124 and 125.  
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Fig. 124 clasp detail  

 

 

 

Fig. 125 clasp detail close-up 
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Fig. 126 shows close up details of the front trellis structure and the pearl boundary detail. The pearl 

boundary details each have two holes in to ensure they can be de-powdered easily.  

 
Fig. 126 trellis detail and close-up of pearl boundary 

 

 
Fig. 127 Keyshot rendering of upper front section 
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Fig. 128 Keyshot rendering of upper back section 

 

 

Figs. 127 and 128 show the completed front and back details. With the upper section completed, 

attention was now focussed on the lower sections for the dress.  

 

The dress was to contain two of the original polyp structures developed in the research phase of the 

project. The polyp-inspired structure containing the Swarovski crystals used in the upper section of 

the dress but also the lighter and much looser lace-like structure is shown in Fig. 129 overleaf.  
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Fig. 129 lace-like structure for lower part of the dress 

 

I considered this structure much more suitable than the structure that had been used up to this 

point for the lower part of the dress, as it is highly flexible and will flow and move in a fashion much 

more akin to fabric.  

 

This transition between the polyp structure and this open lace-like structure had been discussed 

with Looi at an earlier stage of the project, and she had provided a sketch (Fig. 130) showing how 

she thought this feature of the dress should be treated. This sketch suggests a staggered transition 

between the different elements.  

 
Fig. 130 staggered transition sketch 
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Fig. 131 on close inspection toward the bottom of the image displays the transition between the 

closed crystal-holding polyp structures and the open lace-like elements that make up the complete 

lower part of the dress. A pink line has been added to this figure to aid in identifying this transition.    

 

 

 

 

Fig. 131 staggered transition of structures 

 

Fig. 131 also shows the clasp features located on the rear of the dress, which are outlined in green. 

This figure also shows the lower structure beginning to change direction at the very bottom of the 

image.  
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Fig. 132 shows the lace-like structure progressing upward. This progression happened in a very 

similar fashion to the progression downward with the polyp structures.  

 

 

 
Fig. 132 upward progression of lace structure 

 

 

Fig. 132 shows the progression of the lace-like structure in an upward direction. As the lace structure 

contained less geometric detail, more than five layers could be built before lagging became an issue. 

The image on the left shows in pink shows eleven layers being built in an attempt to speed up the 

process.  

 

Fig. 133 shows the progression to the top of the build envelope and returning downward. There was 

not enough room inside the build envelope to finish at the top. The structure had to turn once more 

and return downward for four layers. This progression was extended downward for around three 

extra layers. The reason for this was that if the dress proved to be too long, any excessive length 

could easily be trimmed off to ensure the dress was the correct length.   
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Fig. 133 lace-structure progressing downward  

 

At this point, the dress had extended the full length of the build envelope twice and had turned 

twice once at the shoulders and once at the hem in order to fit inside the build volume.  

 

At this stage, the major structural elements of the dress were all in place. All that needed to be done 

was to join these elements together as at this point they were all separated from each other. The 

method for this joining had been tested and perfected throughout the process thus far. The joining 

process was not the same as for the joining of the test structures, as the shape of the dress is not 

linear and, due to the elliptical shape of the dress profile and the variation in the sizes of the 

individual elements, this process had to be executed manually.  

 

The polyp elements were joined by merging three small spigots each connected to each polyp-

element. For each level of the five polyps, this process took around four hours of uninterrupted 
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modelling to join one quarter section of the dress. Fig. 134 shows a close up of the polyp joint 

structure.  

 
Fig. 134 polyp structure joining technique  

 

Fig. 135 shows a view of the joining detail for one Level (Level 3) of five Layers. 

  

 
Fig. 135 polyp structure joining technique  
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Individual levels (each consisting of five layers) needed to be joined together. This was one of the 

rare occasions when more than one assembly at a time was loaded into Solidworks at the same 

time. Fig. 136 shows Levels 4 and 5 and the joint detail between the two levels. 

  

At the bottom of the image, connectors can be seen that are seemingly unconnected to anything but 

these will be connected to Level 6 in a process that will see Level 5 and 6 opened at the same time. 

This operation controls the transition between the levels and ensures it is not necessary to load 

more than two assemblies into Solidworks at any time.  

 

 
Fig. 136 level 4 and 5 joining technique   

 

The joining process for the lace-like structure for the lower section of the dress proved a little 

quicker. Figs. 137 and 138 show the process for this lower section of the dress.  
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Fig. 137 lace structure joining process  

 

In an identical fashion, the polyp structures of the respective levels of lace-like structures were 

joined by loading two assemblies at the same time. A noteworthy point is that this structure was far 

less demanding of computer resources than the crystal-containing structure, and progress was much 

quicker. The joining of a level of this structure took around three hours per level.   

 

 

 
Fig. 138 lace structure joining process  
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Figs. 139 and 140 show the finished build of the dress (the outer layer has been hidden in Fig. 137). 

Excluding the research and development phases undertaken over the preceding months, the final 

build of the dress took in excess of 400 hours. 

 

 

 

 

Fig. 139 completed build with outer layer hidden  
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Fig. 140 completed build view from top 

 

 
Fig. 141 completed build view from bottom 

 

Fig. 142 shows the entire finished build of the dress positioned inside a bounding box (shaded in 

pink) that dictates the maximum build envelope of the machine that was to build the dress. The 

areas highlighted inside the purple ellipse shapes show very slight protrusion outside the bounding 

box. These protrusions were inside allowable limits, as the bounding box had been reduced in size by 

5mm in all directions (on the instruction of Materialise engineers) as these areas at the very limits of 
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the physical build space of the machines are prone to scorching at the extremities of the build 

envelope. 

 
Fig. 142 completed build inside bounding box 

 

 
Fig. 143 completed build inside bounding box 
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With the actual build of the dress completed, it was time to convert the dress from the native 

Solidworks files into an STL file format. The date shown on the STL files is 6 November 2014. Thus, 

the project for modelling the dress was completed five days later than the estimated completion 

date.  

 

As mentioned earlier in this chapter, in order to complete the build and maintain a model that was 

useable in terms of its file size, the dress had been split up into nineteen separate assemblies. More 

important to the printing process than the file size or manageability of the Solidworks files is the file 

size of the STL files for printing. If this file size is too large, the files cannot be loaded into the 3D 

printing build preparation software together (in this case Materialise’s own Magics software), 

rendering printing in one piece impossible.   

  

Early on in the research phase of the project, I approached the Materialise engineers with regard to 

the maximum file size for an entire build. In general use, these machines are never used to build 

single models; rather, the build envelope is filled with as many models as can fit inside the volume in 

order to make the build as cost effective as possible. Engineers from Materialise informed me that a 

total file size of 8 gigabytes (GB) was acceptable.  

 

Exporting STL files from Solidworks needs to be executed carefully. There is a constant trade-off 

between file size and part quality that has to be established for each individual project, and 

experience plays a large part in this process. This point was explained in some detail in Chapter 2 

using the example of exporting the STL files for The Peacemaker.  

 

The dress files were significantly more complex than The Peacemaker files and consequently, the 

settings for the STL files required a great deal more attention. Ultimately, settings were arrived at 

and were (with a few slight variations) used for all nineteen STL files.  

 

Layer 0 demonstrates the complexity of one of the STL exports, as it contains 3,664 separate solid 

bodies. In order to get the parts to this stage, many different stages of development had been 

moved through. On completion, the final mirroring (duplicating elements across a plane of 

symmetry) was executed in a Solidworks part and STL files began to be exported from these parts.  
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Fig. 144 level 0 ready for STL export 

 

It was expected that the extreme complexity of these parts would present a challenge when 

exporting STL files. A number of attempts were made to get these parts to export correctly. Initially, 

mid-range settings were attempted with gradual adjustments, working to coarser and coarser 

settings. The adjustment process resulted in the settings shown in Fig. 145. Based on my experience, 

I decided that any coarser than this would result in an unacceptable level of faceting in the final 

print.  

 

 
Fig. 145 Solidworks STL settings 
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The outcome from all of these initial attempts at exporting STL files was the same. After a minute, a 

preview such as the one shown in Fig. 146 was shown. This preview shows the number of triangles, 

file size, etc.  

 
Fig. 146 Solidworks STL preview 

 

After the “Yes” button is clicked, the process begins. Processing of this file took around thirty 

minutes each time and was attempted a minimum of twenty times using different settings, all 

ending up with the same result shown in Fig. 147. 

 
Fig. 147 Solidworks STL export failure 

 

The complexity of these files was clearly too much for Solidworks to cope with, even using low levels 

of detail on the STL export settings page. At this point, other strategies began to be considered. The 



131 
 

first of these was to cut the parts in half and export half of the model and then mirror this STL half of 

the model in Magics. However, this was an undesirable solution as this would have to be executed 

by Materialise technicians. This strategy did work and a half section of the dress was exported at 

323.795 Mb. This strategy was not deemed desirable as it resulted in a less controlled solution, and 

there were areas of the dress that are asymmetrical and this issue would need to be resolved.  

 

At this point, I decided to test another idea that led to one of the most beneficial practical 

discoveries of this study. Specifically, I decided to test exporting the complete circumference of the 

dress (the part un-exportable as an STL in part form) by inserting the part file into an assembly file 

and attempt to export the STL from there. This is a simple test exercise taking only a few seconds.  

 

The process is identical to that of saving an STL from a part file. After approximately a minute, a 

preview (Fig. 148) is shown.  

 
Fig. 148 Solidworks STL preview 

 

In the case of Level 0, the preview using this method shows over 17 million triangles, larger than the 

13 million triangles previewed when exporting the file in Solidworks part form (that failed). After 

clicking the “Yes” button, the part was processed into an STL file in around 20 seconds. This was a 

great success, considering that previously the part file processed for 30 minutes before failing every 

time on multiple occasions. Needless to say, this astonishing discovery had a huge impact on the 

exporting process.  

 

Critically important to the exporting process was the fact that all of the files were exported with a 

common global origin. Solidworks STL files are commonly translated into positive space when being 

exported. In order to ensure perfect alignment when the separate STL files are brought into Magics, 

the Solidworks STL export option “Do not translate STL output data to positive space” needs to be 

checked to ensure the coordinates of the build assembly are retained in each STL file.  
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Fig. 149 Solidworks STL settings 

 

This point is critical to the alignment of the separate assemblies. Manual alignment is impossible due 

to the number of connections that have to be made and the tolerances essential to the 3D printing 

process that have to be maintained.  

 

In total, nineteen separate STL files were exported and their combined file size was 7.14GB, less than 

the 8GB maximum. These were uploaded to a shared Dropbox on 6 November 2014.  

 

Following this, the Materialise technicians had to assemble the files for the build process. Kaecee 

Fitzgerald and Mahadi Mahmud were the point of contact for this study. They assembled the 

nineteen files in Magics and checked for their suitability for 3D printing.  

 

In my experience, it is rare that a project of this complexity will have no errors or things that need to 

be rectified despite the amount of checking that has been done both at the end of the project and 

along the way. This project was no exception and the ultimate success of this project owes a great 

deal to Mahadi Mahmud whose keen eyes spotted a major point shown in Fig. 150.  

 

 
Fig. 150 STL files in Magics showing missing connectors 

 

Between layers A and B, there were no connectors at all. If the dress were to be printed like this, it 

would have been split into two pieces somewhere above the waist. This error came about as the 
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joining process progressed down from layer A and once that lengthy process was finished 

progressed up from Layer B. The joining of Layer A/B was never completed.  

  

The joining of these two layers was executed in Solidworks and the layers A and B were re-issued 

with V-2 (version 2) status and uploaded to the Dropbox. These updated parts were integrated into 

the build for printing. Figs. 151 and 152 show the fully assembled dress in the Materialise Magics 

software prior to printing.  

 

 
Fig. 151 STL files in Magics  

 
Fig. 152 STL files in Magics  
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The background in Fig. 153 also shows the build orientation of the dress in relation to X, Y, Z space.  

 

 
Fig. 153 Eosint P730 build orientation 

 

 

The dress took thirty hours to print and Figs. 154 and 155 show the cake (a term used for the block 

of fused and loose material produced at the end of every SLS build) at different stages of being de-

powdered. Fig. 155 shows a temperature probe being inserted into the core of the cake to ensure it 

has cooled enough. Removal of thin parts from a hot cake can cause distortion.  
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Fig. 154 de-powdering the dress at Materialise headquarters, Leuven, Belgium, December 2014  

 

 
Fig. 155 de-powdering the dress at Materialise headquarters, Leuven, Belgium, December 2014  
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Fig. 156 de-powdered dress at Materialise headquarters, Leuven, Belgium, December 2014  

 

The dress was quickly dispatched to Materialise Asia Pacific headquarters located in Kuala Lumpur 

after undergoing a basic de-powdering. I decided to visit Materialise to check the build quality and 
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condition of the dress before it was handed over to the team at Melinda Looi Couture for the 

placement of the Swarovski Crystals.  

 

Due to delays caused by a computer crashing on the first attempt at building the dress, the original 

deadline for the show in Athens had been missed. I flew to Kuala Lumpur for 7–9 December 2014. 

 

A quick inspection of the dress showed the dress had printed extremely well. The resolution of the 

different elements was excellent. Figs. 157 and 158 show the polyp and the lace structures in detail.  

 

 
Fig. 157 de-powdered polyp structure at Materialise Asia-Pacific headquarters, Kuala Lumpur, Malaysia, 

December 2014  
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Fig. 158 de-powdered lace structure at Materialise Asia-Pacific headquarters, Kuala Lumpur, Malaysia, 

December 2014  

 

However, on close inspection, there had been some damage to the dress. Fig. 159 shows the most 

significant break on the shoulder of the dress. This repair could not be completed on this trip as it 

required the printing of a new part to repair the break.  

 

Fig. 159 damage to shoulder strap, Materialise Asia-Pacific headquarters, Kuala Lumpur, Malaysia, December 

2014  



139 
 

 

Other breakages were small and all damages were almost certainly caused during the de-powdering 

process. I spent approximately twenty hours working on the dress in Malaysia. A majority of this 

time was spent gently de-powdering the joints and making sure the jointed structures were as 

flexible as they could possibly be shown in Fig. 160. 

 

 
Fig. 160 gently de-powdering dress, Materialise Asia-Pacific headquarters, Kuala Lumpur, Malaysia, December 

2014 

 

The next phase in the development of the dress will not be documented as it is not part of this 

study. However, the dress was populated with over 5,000 Swarovski crystals and dyed at the 

workshops of Melinda Looi Couture in Kuala Lumpur, Malaysia.  
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Fig. 161 fully de-powdered dress, Materialise Asia-Pacific headquarters, Kuala Lumpur, Malaysia, December 

2014 

 

The dress was officially unveiled at the Inside 3D Printing event held in New York, USA, in April 2015 

(shown in Fig 162). In the days following its unveiling, the dress also featured on The Today Show in 

the USA (aired on 20 August 2015), which has a viewing audience of over 6 million people. The dress 

was also shown at the Materialise World Conference held in Leuven, Belgium, in April 2015 and 

continues to be exhibited at events worldwide.  
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Fig. 162 Dress being worn by model at Inside 3D Printing New York, 15 April 2016 
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 CHAPTER 6 

 

Analysis and Reflection 
 

6.1 Introduction 

In terms of design and the production of complex, highly accurate consumer products, 3D printing 

has the potential to disrupt the current status quo. Indeed, it is often referred to as a disruptive 

technology but, to date, this disruption has failed to develop as quickly as predicted. My research 

indicates that 3D printing has the potential to completely re-shape production in its current form.  

With regard to the production of complex objects, 3D printing has a great deal to offer the craft 

practitioner. Customisation is but one example, wherein each product can be individually 

customised or even tailored to an individual user. This is in complete opposition to mass-

manufactured consumer products, where everyone has to accept the same product with perhaps 

minor variations thought out by marketing.  

Access to highly accurate manufacturing tools is also a significant advantage for the craft 

practitioner. The development and affordability of CAD software is also a huge contributing factor. 

As Malcom McCullough identified in 2010, “Computers and CAD software have the potential to 

reverse the greatest blow against the artisan [that occurred] two centuries ago when production 

became too large and complex for any individual to afford.”79  

This statement was made before recent developments had propelled 3D printing significantly into 

the sphere of direct manufacturing, and McCullough made no reference to 3D printing at all. 

However, the recent developments in 3D printing may perhaps be the final piece in the puzzle for 

the craft practitioner. To explain this statement further, it is important to look at the way that the 

technology of 3D printing is presented or is manifesting itself. Service providers such as Materialise, 

through their iMaterialise branch, and Shapeways provide easy access to some of the most 

expensive and accurate manufacturing equipment available in the world today. I consider this point 

to be of critical importance to the craft practitioner.  

Considering McCullough’s statement again, prior to the Industrial Revolution, craft practice had 

been the only method of production for both simple and highly complex items.80 The advent of the 

Industrial Revolution meant that advances in technology made new production techniques possible, 

which required the use of industrial machinery, which in turn required a huge investment beyond 

the means of most craft practitioners, thus forcing them out of production and into the employ of 

mass manufacturers. 
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Two centuries on, the accessibility of extremely advanced manufacturing technology through the 

aforementioned service providers means that advanced manufacturing technology is no longer 

solely owned by the manufacturers themselves. The nature of the 3D process and the fact that it 

makes no distinction between creating identical objects or dissimilar ones is also an important 

characteristic of this process that contributes to its appeal to the craft practitioner. The craft 

practitioner is concerned with the relationship between the maker and the object,81 whereas 

companies currently engaged in mass production of consumer items are not necessarily interested 

in the production of dissimilar items and the multitude of challenges that that presents. Also in 

comparison to current mass-production techniques, the 3D printing process is slow and does not yet 

offer a financially competitive alternative to current mass-manufacturing technology.  

One of the major contributions that 3D printing offers to the craft practitioner is that developing a 

complex project to be manufactured using the 3D printing process involves a shift in the 

emphasis/investment from one of capital to one of time. I will explain this point further. In the 

traditional model of product development, sophisticated manufacturing technology is typically only 

accessible to those companies with the finance required to see a product through the entire product 

development process, from concept through to manufacture. Traditional methods of manufacture 

are extremely expensive; for example, an injection mould can cost tens, sometimes hundreds, of 

thousands of dollars. These moulds commonly have an expected life span of approximately half a 

million parts before they are worn out. The design phase of products made using traditional 

methods of mass manufacture represents only a small part of the budget on a large design project 

and a predetermined amount of the budget is allocated to this design phase. In this respect, design 

is commodified and restricted to only a small part of a larger process, which, as described by Yanagi 

Sōetsu, is modelled around a formula of design for profit.82  

In other words, to develop a product using traditional mass-manufacturing techniques requires a 

significant design investment/budget, a huge proportion of which is consumed by the production of 

moulds/tooling that are required to be made in order to make the process of high volume 

production (and high volume profits) possible. In accordance with this idea, Pye observed in 1968: 

“People are beginning to believe you cannot make even toothpicks without ten-thousand pounds of 

capital.”83  

Conversely, to develop a complex product using 3D printing, the shift in emphasis is focussed on the 

development of the artefact itself. The ever increasing multitude of opportunities 3D printing 

presents to the practitioner in terms of geometric complexity—as referred to by Hod Lipson from 

Cornell University, “Manufacturing complexity is free”—is in contrast to traditional manufacturing 

processes, which place a host of rigid design restrictions on the designer. Additive manufacturing has 
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been described by Tim Gornet, manager of one of the leading additive manufacturing centres in the 

world, as follows: “Now we can manufacture for design rather than design for manufacture.”84  

I am not in complete agreement with Lipson’s statement, which will be discussed later in this 

chapter, but the shift in investment from capital to time in the development of complex artefacts 

favours the craft practitioner. Through the previously discussed examples of The Peacemaker and 

the Coral Gown, I have shown that hundreds, if not thousands, of hours can be spent developing 

highly sophisticated designs for the additive manufacturing process. These totally unique designs are 

in fact world firsts for this process.  

Fig. 163 The Peacemaker and the Coral Gown 

In addition to this fact, the process and the type of open-ended exploratory approach described in 

the preceding chapters do not lend themselves to commercial design where project budgets, client 

expectations, and the bottom line of profitability take precedence.  

Obviously, craft practitioners are concerned with making a living and McCullough describes craft 

practice as something that is most often practiced for a living,85 but their motivating factors for 

production are different from those of mass manufacturers although, at first glance, they may 

appear to be the same. Sōetsu describes the primary objective of industrial production as profit 

alone.86 This is not the case with craft practitioners; when describing the motivating factors that 

drive the craftsperson, Aldersley-Williams states profit tends to be low down the list.87 

Furthermore, efficiency is not a primary concern of craft practitioners. This is not to say that 

efficiency is not a factor, as producing a craftwork is a pragmatic task, but efficiency is not a 

predominant aspect, since profit is not the sole motivation for producing the work. Far more 

important to the craft practitioner than efficiency is the quality of the result. Dutch designer Dirk 
                                                           
84
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Vander Kooij, featured in the recent publication Printing Things, is an example of a modern 

craftsman and is described as follows: 

Dirk Vander Kooij is a true craftsman although most of the things he produces are not 
actually made by hand. 
He is interested in finding ways of producing industrial quality products he likes AND selling 
them without having a rigid production system, upfront investments in tools and long 
production chains full of middlemen standing in the way. In short he wants to design, create, 
improve, and create again.  
This approach is radically different from how traditional industrial manufacturing used to 
work, and it is something of a return to the iterative process in which a craftsman used to 
constantly improve his wares.88  

 

Vander Kooij is described as a craftsman who is embarking on a new kind of business model, one 

that is driven by his own values and motives. In their 2011 Technology Roadmap, Wohlers Associates 

mention innovative supply chains and business models that were unthinkable in the past, and 

Vander Kooij is just one of those instances.89  

Dormer’s statement “It is not craft and handicraft that defines contemporary craftsmanship: it is 

craft as knowledge that empowers a maker to take charge of technology”90 is pertinent when 

examining the relationship between 3D printing technology and craft practice. As I have been trying 

to show throughout this exegesis, taking charge of this technology is an extremely important idea. 

As discussed, the Industrial Revolution saw the separation of the activities of design and 

manufacture for the first time.91 Craft practice historically had taken place in an autonomous fashion 

but as McCullough suggests, this separation of making and designing dealt a significant blow to craft 

practice at the time by separating the now highly sophisticated act of making from the act of 

designing. 

Mass manufacturing in the modern sense completely separates the acts of designing and making 

most products (with any level of sophistication). For example, injection moulding is possibly the 

most widely used process when considering mass-produced designs. Typically, in the creation of a 

design using this process, a designer will follow the workflow shown in Fig. 164. 

 

Fig. 164 Workflow of traditional manufacturing 
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Step 1 encompasses the entire development stage of the project from initial idea, research and 

concept development to the detailed development of CAD documentation and 2D drawings. This 

flow has remained basically unchanged since the Industrial Revolution. The step that I am 

particularly interested in is Step 2, which I term the “translatory step”.  

During the time of the Industrial Revolution, the “translatory step” was negotiated using 2D 

technical documentation, since it was the only means of transferring information to the toolmaker, 

engineer, or producer of the final item. This practice continues today but has almost been 

completely replaced by 3D CAD files. Two-dimensional documentation is still used but not to the 

same extent as it once was.  

Regardless of the use of either 2D or 3D documentation, the information in Step 2 is passed on to an 

individual to interpret the design from the drawings (2D or 3D) and then create the design. This step 

would most commonly include more than one individual. In negotiating this step, the continuum of 

designing and making is broken. Based on the examples of my own work discussed in this exegesis, I 

assert that 3D printing can potentially offer a very different workflow, where the translatory step has 

been removed, as shown in Fig. 165. This scenario depicts the process when designing artefacts that 

are to be produced using 3D printing or, perhaps more accurately, direct manufacturing technology. 

The ideation takes place and the design is developed and created but there is no need for the 

translatory step, as there is no need to convey the details of the artefact to another human for 

interpretation and manufacture. The maker is placed in direct contact with the machine and what 

goes into the machine comes out of the machine.  

 

Fig. 165 Workflow of Direct Manufacturing 

In the scenario, the continuum of design and making is unbroken. Importantly, the contact with the 

idea itself remains within the hands of the maker. 

The intermediate step where information is transferred to another for manufacture is a defining 

characteristic of design as a profession, whether it be in architecture, product design, urban planning 

or any other field of design. This step, which is inseparable from the practice of professional design, 

is what separates the designer from the processes of manufacture and differentiates it from the 

practices of craft, artisanship, and art. With the removal of this step, the practitioner using additive 

manufacturing and CAD design tools is placed adjacent to the actual act of manufacture—in fact, as 

close as the cabinetmaker feeding a piece of wood into a thicknesser where it is shaped according to 

their intent.  

It is easy to associate the use of additive manufacturing with design and simply another tool of 

industry aimed at placing more and different products in the marketplace. In order to clarify this 
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point further, it may be useful to take a step back to another slightly older form of digital 

manufacturing, such as CNC machining or routering. Craft practitioners such as David Trubridge, 

discussed earlier in this study, have embraced digital manufacturing technology to a point where it is 

now placed at the heart of their craft practice. They have taken full advantage of the benefits it 

brings to completely transform the way they work and it has allowed them to realise designs that 

would have been incredibly laborious, if not impossible, to manufacture. The digital manufacturing 

of CNC routering allows for high degrees of detail and, very importantly, high volumes of this detail 

to be created without the need for human operation. Does the fact that practitioners like David 

Trubridge use such technology exclude them from being classified as craftspeople? The weight of 

opinion is that it does not, and this is an opinion supported by my research.  

Having looked at the example of Trubridge makes it much easier to take one step forward and look 

at the next generation of digital manufacturing, which is the focus of this research: 3D printing. The 

importance of the removal of the translatory step in the workflow process proposed in Fig. 164 is 

not to be understated for it shows that in reality the act of bringing an object to manufacture 

through this process is much more akin to the practices of craft than it is to the modern practice of 

design. In 2014, Anne Marie Shillito articulated:  

“Craft” is generally understood to be about controlling the whole process from start to 
finish, adopting, adapting, and improving tools as the need arises. This intimate hands-on 
approach to making feeds knowledge and information into a referential active loop where 
experience informs action, which in turn becomes the experience and so on.92  

 

While 3D printing is a new technology, craft practice has seen a myriad of technical developments 

throughout its history, all of which have added to its variety and its depth of understanding. Digital 

tools such as 3D printing are no different. As Shillito continues,  

Digital technologies are there to be used and mastered in the same way as other tools and 
processes in our “toolkit”. They may seem very different however as being “digital” means 
the processing part is “hidden”, making understanding and controlling the process from 
concept to end product seem more complicated, unfamiliar and definitely not craft.93  

 

I concur with Shillito’s statements and would like to expand on these ideas. Simply because the tools 

Shillito is referring to (3D printing and CAD) are digital does not mean that they are easy to master. 

My work suggests that mastery of both digital and traditional tools as well as many other skills have 

a great deal more in common than it may initially appear.  

In his book Outliers, The Story of Success, Malcolm Gladwell describes what he calls the 10,000 hour 

rule. Based on the theories of leading American psychologist Daniel Levitin, Gladwell describes 

through examples how 10,000 hours of work is the general rule to achieving mastery of any 

                                                           
92

 Anne Marie Shillito, Digital Crafts (London: Bloomsbury, 2013), 9. 
93

 Ibid. 



148 
 

particular skill. Gladwell’s examples include the Beatles who had formed seven years before 

becoming successful in the USA and how their skills had been honed playing seven days a week in 

Hamburg. Gladwell estimated that the Beatles had played more than 1,200 times before coming to 

the USA.94  

Gladwell also describes how Bill Joy of Sun Microsystems and Bill Gates all managed to achieve the 

magical figure of 10,000 hours of practice before moving into industry and making their fortunes.95 

The idea of true mastery is what is of particular interest to this study. Gladwell makes no distinction 

between the mastery of a musical instrument or computer programming—it makes no difference. 

Rather, it is the level of expertise he is interested in.  

Interestingly, the length of a traditional four-year apprenticeship is around 8,000 hours, and a five-

year apprenticeship 10,000 hours. I would imagine that learning to use digital tools with the same 

level of mastery as a practitioner such as Bathsheba Grossman would take a similar amount of time. 

In episode 5 of the first series of BBC documentary Mastercrafts, Margot Selby stated it took her five 

years before she became expert enough to fully understand her craft of weaving.96 Gladwell also 

states that true mastery is much less about innate levels of talent and more about persistence and a 

desire to become a master in any field. This point is of great importance to the current research. 

Craft practice is not simply about making a living; it is better described as a calling or a vocation.  

The relative infancy of 3D printing and its consideration as craft dictates that there is simply not 

enough knowledge or expertise to accurately comment on what can and cannot be considered true 

examples of mastery in this new medium. According to Gestalten in Printing Things, complexity is 

currently being used by 3D printing practitioners because we have historically associated complexity 

with the care and effort of skilled craftspeople, and how perhaps this is being currently used to trick 

the observer into thinking that this is a result of the perseverance and dexterity of the creator: “Over 

time, our ability to recognise and value these aspects of digital design will hopefully grow, and most 

people will be able to distinguish complexity for the sake of complexity from genuine digital 

craftsmanship.”97 

As there is yet no formal appreciation of what constitutes an object that is the result of complexity 

for complexity’s sake or of real digital craftsmanship, how are we to determine what is and what 

isn’t a true masterpiece in this field? I suggest that an obvious starting point would be the way that 

we judge traditional craftsmanship. What is it that we appreciate in good craftsmanship that sets it 

apart from run-of-the-mill, or even bad, work? 

This is a very difficult question to answer, remembering that we are discussing the world of craft 

practice, which encompasses everything from weaving to stonemasonry and everything in between. 

I suggest there is one criterion that applies to all of these activities and that is control. Is the 
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geometry controlled by the maker? By control, I do not mean an overuse of control; rather, just 

enough control that is necessary for a piece of work to function as intended. This is what Pye called 

diversity:  

It is a matter of the greatest moment in the arts of design and workman-ship that every 
formal element has a maximum and a minimum effective range. It can only be ‘read’— 
perceived for what it is—by an observer stationed between those limits. The slight 
deviations from regularity in the profile of out column will have become imperceptible, 
probably, by the time your eye is four feet away from it; but the cylindrical designed form of 
it will still be clearly visible at several hundred yards. Yet again, if we look at the column 
through a magnifying glass, its cylindrical form will be imperceptible because we are viewing 
it at less than the minimum effective range for that element. In any machine we can find 
things which are straight or flat but have no need to be, or which are smooth, or polished, or 
cylindrical, or precisely similar to each other, but would work just as well if they were not. So 
it is with buildings. They can be wonderfully crooked and lopsided but no less useful for it.98  

 

Pye uses his classifications of “diversity”, “durability” and “equivocality” to describe his own notions 

of control. In my opinion, control is a consequence of experience and is completely dependent on 

the particular job. Pye’s definition of minimum and maximum effective range is a rather complicated 

way of explaining the notion, mentioned above, that the highest level of control is not necessarily 

the best example of craftsmanship. The experienced craft practitioner will not overwork a design 

and it is almost as much a matter of restraint as it is about control. One example of overwork can be 

seen in designer furniture that is sandpapered with sandpaper much finer than is necessary.  

The pragmatic nature of craft practice means that if a particular tool or process will add to a 

designer’s practice, then it will be used. Also, as Jane Harris explains with particular reference to 

digital technologies,  

By being both pragmatic and grounded through the experience of physically working 
materials, designer makers are able to circumvent digital technologies’ seduction to exploit 
virtual world freedoms. A “making” knowledge provides useful constraints in an 
environment that would appear to have no limitation. Because complexity is free, it will 
continue to be a popular source of inspiration for creators. Just like everything else that is 
free, however, there is also an inevitable risk of overuse: Just because you can, doesn’t 
mean you have to. Will there be a time when ornamental complexity, traditionally 
associated with the skilled hand and patience of a craftsman, will shed its association and be 
seen as nothing more than showing off?99  
 

Harris’s statement questions the notion of complexity with regard to 3D printing and whether there 

will come a time when it will cease to be appreciated. I suggest that complexity is not free when it 

comes to the manufacture of complex objects. Admittedly, it is possible to produce them in a similar 

fashion, cost, and timeframe to less complex objects but this fact alone does not make them free. 

These objects, although not hewn or whittled by hand from solid material in traditional craft fashion, 
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do have to be created digitally. The examples shown in previous chapters have shown that this 

process is every bit as demanding as traditional craft practices. While my intent is not to debate the 

meaning of “complexity for free”, I would like to offer perhaps a more developed understanding of 

the subject.  

The ability to produce highly complex shapes using 3D printing is undoubtedly one of the 

revolutionary characteristics of this technology. I do not argue that all complexity is alike. The 

various tools of CAD have given users the ability to generate large amounts of complex digital 3D 

data with relative ease. In simple terms, the user generates a basic geometric form and uses tools to 

pattern and copy this unit (or even multiple units) many times to generate hugely complex 

collections of 3D data. This type of geometry, I would argue, is the closest anyone gets to complexity 

for free: large collections of relatively randomly placed elements with little or no control over 

placement of the individual elements, with the overall aim to be to generate complexity simply and 

quickly. These types of structures are very easy to make with 3D modelling tools; within a few hours, 

a user with minimal experience can generate these kinds of forms.  

Fig. 166 shows two examples that I consider to be of this type. On the left is Bloom by Michael Eden 

(2010) and on the right is the Chaos lamp by Strand and Hvass (2005) from the Materialise .MGX 

collection. Both models are excellent demonstrations of the potential of 3D printing to create 

incredibly complex objects. However, for the purpose of this study, these examples demonstrate 

complexity without any discernible level of control.  

 

Fig. 166 (Left) Michael Eden, Bloom, 2010, http://www.sculpteo.com/blog/2012, accessed 17 July 2015;  

(Right) Strand + Hvass, Chaos Table Lamp, 2005, https://mgxbymaterialise.com/principal-collection, accessed 
17 July 2015. 
 
 

When viewing these objects from a perspective of control over the geometry, other questions are 

raised and I will continue with this analysis of 3D printed objects primarily within the .MGX 

collection. When looking at the .MGX collection, some other forms do reoccur. I am interested in the 

appreciation of genuine skill in this medium and as mentioned previously, complexity can be used to 

http://www.sculpteo.com/blog/2012
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trick the observer into thinking that a mass-produced item is in fact a genuine item of craft; “By 

using 3D printing to achieve these affects, the maker can trick the observer, playing on the intrinsic 

notion of value.”100    

As explained by Harris, CAD is good at some functions, one of which is the repetition of identical 

elements, particularly circular patterns,101 and these appear many times in the .MGX collection. 

Historically, getting elements of a design to appear the same was a very difficult task in most forms 

of craft practice. Fig. 167 shows the Rose Trellis Egg made in Fabergé workshops in 1907. The 

symmetry, the similarity of the elements, and the uniformity of the design are all a consequence of 

the work of Fabergé's work-master, Henrik Wigström, a master jeweller. These effects were 

incredibly difficult to produce at the time that this object was made.  

 

Fig. 167 Henrik Wigström, Rose Trellis Egg, 1907, https://en.wikipedia.org/wiki/Rose_Trellis, accessed 28 

March 2015. 

Fig. 168 shows Bathsheba Grossman’s Quinn lamp, probably one of the most iconic 3D printed items 

ever created (as discussed in Chapter 4). Quinn contains a staggering amount of complex geometry 

that is very similar to that of hand-made items such as the Rose Trellis Egg.   
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Fig. 168 Bathsheba Grossman, Quinn, 2008, https://mgxbymaterialise.com/principal-collection, accessed 28 

September 2015. 

Many other items in the .MGX collection display similar characteristics, and Fig. 169 shows another 

comparative example. The regency chandelier pictured on the left contains hundreds if not 

thousands of seemingly identical elements, each of which had to be made by hand. This is what Pye 

refers to as “high regulation”; he goes on to explain, that in the early days of craft practice, it was 

rare, difficult and exceptional to see such work. The Cadence chandelier on the right is another 

design from the .MGX collection and it contains a similar amount of similar geometric elements as 

the antique chandelier on the left. In both of these designs, the elements are slightly scaled as the 

design progresses down its length.  
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Fig. 169 (Left) Antique regency chandelier, https://www.1stdibs.com, accessed 17 July 2015; (Right) 

Cadence Lamp, https://mgxbymaterialise.com,accessed 17 July 2015. 

 
These ideas of repetition and similarity are of particular interest to this research project and beg the 

question: Is there a deliberate attempt to make these designs appear to be more complex than they 

are, as suggested by Harris? There is one more example in this category of repetition, which is 

slightly different again: the Fall of the Damned pendant light designed by Luc Merx (Fig. 170). This 

design pays homage to Rubens’s 1620 painting of the same name.  

 

Fig. 170 Luc Merx, Fall of the Damned, 2004–5, https://mgxbymaterialise.com/principal-collection, accessed 15 

September 2015. 
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This design contains large amounts of complex geometry and, as with the examples in Fig. 166 

(Bloom and Chaos), it is an excellent example of the unique capabilities of 3D printing. This design 

also uses circular patterns of identical components to achieve this overall effect. The difference with 

this design is that (I assume) the elements in this design were not created from scratch. It is highly 

possible that these figures come from a character rendering/animation software package such as 

Poser. This example is similar to those in Fig. 166 in terms of complexity for free in that it 

demonstrates high levels of complexity without any obvious or discernible level of control, but also it 

is an excellent example of repetition, as even through a superficial inspection, it is clear that the 

figures contained within the design are the same.  

The question regarding the reoccurrence of designs in the .MGX collection containing many designs 

using circular and other patterned geometry still remained and further research was undertaken into 

the psychology of the human response to symmetry and patterns, which revealed that humans do 

possess an inherent preference for these kinds of patterns. In her 2007 publication Echo Objects, 

Barbara Maria Stafford states that pattern recognition and pattern generation in art are a 

consequence of inborn cognitive preferences.102 Stafford describes a universal grammar of 

geometric form classified into four groups (gratings, lattices, fretworks, checkerboards; cobwebs; 

tunnels, cones, vessels; and spirals) that neurons preferentially respond to in features of the external 

environment. Stafford points out the similarity between radiant form constants that have been 

documented in visual hallucinations (experienced after ingesting hallucinogenic drugs) and vivid 

images found in ancient cave paintings. She also explains the presence of these kinds of images 

following deep binocular pressure on the eyeball.103 Stafford argues inbuilt preferences for these 

forms have been further developed by artistic practice in a “self-referencing cycle”, and she quotes 

Stephen Pinker saying that “art helped ratchet up our capacity for design and so stimulated thinking 

beyond our inbuilt preferences”104. This area of research explores our preferences for these types of 

visual characteristics, both in historic and contemporary crafted objects, and that reasons for these 

preferences are distinct from of any particular media or perceived level of difficulty.105   

This research, to some degree, adds some resolution to this issue. We have an inbuilt predisposition 

to these kinds of patterns and the examples in the .MGX collection could simply be part of the 

ratcheting up process Pinker discusses. Additionally, just because 3D modelling software makes this 

kind of repetition easy, it does not mean craftspeople should not use it. As Shillito explains: 

They allow new ways of working that divorce aesthetics from particular making traditions. 
They allow freedom from “labelled” practice, Art, Craft, Design, Jewelry.106  
 

I suggest that the practical nature of craft should not be confused with efficiency, as these terms are 

not necessarily compatible. The Collins English dictionary defines practical as “being such for all 
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useful or general purposes”,107 or “adapted or adaptable for use”,108 and efficiency as “functioning or 

producing effectively and with the least waste of effort”.109 

Thus, efficiency is primarily concerned with cost and profit, whereas practical is not concerned with 

the amount of effort but being useful. This returns the discussion to what motivates the craft 

practitioner, and I will cite Pye and Dormer again. To begin, Pye puts it eloquently as follows:  

Highly regulated workmanship shows us a thing done in style: an evident intention achieved 
with evident success. It is anti-sordid, anti-squalid and contributes to our morale.  
To do a thing in style is to set oneself standards of behaviour in the belief that the manner of 
doing anything has a certain aesthetic importance of its own independent of what is done. 
This belief is the basis of ordinary decent behaviour according to the customs of any society. 
It is the principle on which one keeps one’s house and one’s person clean and neat, and so 
on. Regulation which, in general the workmanship of risk can only achieve by taking a good 
deal of avoidable trouble, used undoubtedly to be a part of this idea of behaviour.110  

 

Dormer describes it as thus: “It is not craft and handicraft that defines contemporary craftsmanship: 

it is craft as knowledge that empowers a maker to take charge of technology.”111 Considering these 

quotes in detail with regard to the matter of motivating factors, there are two clear ideas of quality 

and self-determination. These ideas occur throughout literature regarding craft practice.  

In the BBC programme Mastercrafts (series 1, episode 4), the narrator describes craft practice as a 

devotion to a craft,112 suggesting that pursuing craft is much more than a simple choice; rather, it is 

the fulfilment of a desire or urge to move in a certain direction, irrespective of financial implications. 

I consider these definitions to be accurate, and that craft is more of a calling to a particular medium 

or type of practice. These may result in financial success but they equally may not. It is a question of 

personal freedom and integrity, a life-choice and a genuine love for the work. Pye rather 

unsentimentally describes this passion in 1968 in typical fashion: “We forget the prodigies one man 

and a kit of tools can do if he likes the work enough.”113 

This study suggests that craft practice is less about the type of work, and much more about the 

circumstances of the worker. This is supported by the following statement by Hughes: 

While the crafts movement that arose in the last half of the nineteenth century was in part 
dedicated to the preservation of skills and traditions that were considered endangered, it 
was also and above all else, concerned with both individual creative expression and the 
nature of work and its relation to life more broadly.114
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This short statement is of the upmost importance to the theoretical nature of craft practice, as it 

stresses the importance of individual creative expression. When viewed within the context of this 

study, the technologies of 3D printing and CAD present a fertile potential environment for modern 

craft practitioners. Hughes’s statement clarifies the positions of the two theoretical craft 

heavyweights from the nineteenth and twentieth centuries, Ruskin and Pye, whose standpoints have 

been seemingly at odds with one another, as was explained in Chapter 3. As I have suggested, Pye 

was primarily concerned with the preservation of skills, whereas Ruskin was primarily concerned 

with the implications of the decline in these skills on the lives of the workers who used to practice 

them. Seemingly paradoxically, the potential value of 3D printing and CAD may be much more 

aligned with Ruskin’s values than one would initially think. For, as McCullough points out, CAD 

software means that the distance that was enforced through the Industrial Revolution through the 

separation of artisans from technology has been erased.115 Indeed, this affordability and the way 

that 3D printing has manifested itself in the marketplace offer great potential to the modern craft 

practitioner. 

In particular, the digital craft practitioner has the potential to be liberated from the main hindrance 

that all craft practitioners have historically faced: how much (or rather, little) inventory they can 

produce as an individual. Clarke and Moses suggest this is a major weakness in the studio model 

generally adopted by craft practitioners. Grossman echoes this sentiment when explaining her 

practice prior to her adoption of digital techniques; even after her initial adoption of 3D printing 

techniques, her practice still failed to be economically viable. Only when the technology had evolved 

to a point where direct manufacture of her objects was possible could Grossman’s practice support 

itself financially.116 The ability to replicate, or more importantly to limit, in number the production of 

these items is vital for the craft practitioner.  

There is one final point with regard to the type of objects generated by 3D printing. When discussing 

craft practice and mechanisation/automation, comparisons are often made; for example, hand-

carved wooden objects versus machine-carved objects, or hand-decorated ceramics versus transfer- 

decorated ceramics. While I am not interested in focusing on these comparisons, they do 

undoubtedly expose deficiencies in attempts to replicate crafted objects using mechanisation. With 

the kind of objects that are being produced using additive manufacturing technologies, this type of 

comparison simply does not exist. These objects are clearly not a lesser example of something 

handmade, as without these technologies, these objects would never, and in many cases could 

never, be made. I suggest that these objects are in fact an enriching and positive addition to 

contemporary craft practice.  

Mechanisation and craft practice are in no way incompatible, and as argued previously, prior to the 

advent of the Industrial Revolution, craft practitioners were in fact the custodians of technology in 

all areas. Today, very few objects are made completely by hand and technology has been integrated 

successfully into craft practice. Saws, planers, spindle moulders have all found their place in the 

workshops of acclaimed craft practitioners; why should the 3D printer be different? On this point, it 
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is worth mentioning all of the aforementioned machines have hand-powered alternatives; the 3D 

printer does not.  

As shown through the provided case studies and documentation of studio work, the technology of 

3D printing does not do any designing in its own right; rather, it is the craftsperson operating the 

CAD software who does the designing. Also, importantly, the various technologies that the terms 

‘additive manufacturing’ or ‘3D printing’ describe are so incredibly varied and sophisticated that they 

do not promote or influence any particular aesthetic. On the contrary, they allow for an almost 

infinite range of styles, allowing each individual practitioner to develop their own style. The case 

studies of practitioners Bathsheba Grossman and David Trubridge demonstrate how they were 

already trying to achieve their designs prior to the introduction of their respective technologies but 

that these objects were proving to be far too labour intensive to be practical to make. The 

technologies simply assisted them with their practice in exactly the same way that technology has 

assisted craft practitioners for millennia. Interestingly, prior to the introduction of their respective 

technologies, Grossman made only two copies of Seven Spheres and Trubridge only two copies of 

Body Raft 98. 

Much discussion in the discourse dedicated to the technology of 3D printing does not take into 

account the skill levels of the practitioner. For example, artist Geoffrey Mann wrote a damning 

article on the subject titled “Why There’s Danger in Going Digital”; discussing 3D printing technology, 

he writes “we don’t ask them to make the things of our dreams, but instead allow them to make 

things of their own”.117 Fig. 171 shows Mann’s work The Secret Life of Shadows (2013), which is SLS 

printed and hand finished and painted.  

 

Fig. 171 Geoffrey Mann, The Secret Life of Shadows, 2013, http://www.mrmann.co.uk/natural-occurrence-

series-the-secret-life-of-shadows, accessed 4 November 2015. 
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The work shown in Fig. 170 displays objects that evidence very little control and are simply the same 

model having being deformed into various different shapes, a simple task for even a complete 

novice to 3D printing. Mann’s work is eclectic in nature and he uses a variety of mediums. This 

example has been used as it shows that although Mann is an accomplished artist, he is certainly not 

an expert in 3D printing, either in the respect of capitalising on the unique capabilities it offers or in 

the skills needed to master the tools. His own words when describing the 3D printer are a clear 

indicator that the technologies of additive manufacturing are there to be mastered and if the intent 

is to become an expert at using these tools dabbling in them will not suffice: “Have we forgotten 

that they too are still only tools to be prodded and coerced?”118    

Building on the ideas formulated regarding the theories of Ruskin and Pye in Chapter 3, I have 

developed these ideas into the following theory with regard to the classification of craft practice, 

which is shown in Fig. 172.  

 

Fig. 172 Developed theory of craft practice 

A new category of “Self Supporting” has been added to the categories of “Autonomy” and “Skills”. 

Before discussing the added category, I will briefly reiterate the former two.  
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Autonomy  

As championed by the Arts and Crafts Movement, the field of autonomy refers to practitioners who 

are free to decide what they make and how they make it. The quotes below, some of which have 

been referred to already in this exegesis, span 150 years of dialogue regarding craft practice and 

show there is a general consensus about the importance of autonomy and the freedom of self-

expression in craft practice: 

It is not craft and handicraft that defines contemporary craftsmanship: it is craft as 
knowledge that empowers a maker to take charge of technology.119  
 
To claim that one possesses a craft is to claim that one has autonomy in a field of 
knowledge.120 
 
Artists, designers and craftsmen had likewise been forced to respond to the dictates of the 
market-place for, with the separation of entrepreneurial, design and production functions, 
their status has been debased, and they had become hirelings of manufacturers who knew 
little and cared less about art or industrial design.121  
 
Workmanship and design are extensions of each other.122  

 

Based on my research, I assert that autonomy and freedom of self-expression are important but not 

essential. Supported by the statements and the philosophies above, the category of autonomy has 

been included in the model of craft practice.   

Skills 

When describing the Power of Making exhibition held in London in 2011, Sir Christopher Frayling 

asserted:  

The core of this exhibition lies not in art, but in craft—objects that relate not to the quick 
intervention of conceptual art, but to the slow perfection of skill; the constant endeavour 
that allowed someone to become better and better at what they could do with materials.123 

 

The French Huguenot potter Bernard Palissy (c. 1510–89) spent sixteen years trying to imitate 

Chinese Porcelain, and made the following statement regarding skill: 
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Even if I have a thousand reams of paper to write down all the accidents that have happened 
to me learning this art, you must be assured that, however good a brain you may have, you 
will still make a thousand mistakes, which cannot be learned from writings.124 

 

Supported by these statements, Gladwell’s 10,000 hour rule, and literally centuries of the 

apprenticeship system, the category of skills has been included in the model.   

Self Supporting 

This recently added field refers to the nature of the practice in terms of it being a means of survival. I 

refer again to McCullough: 

This is because, for all its esoteric characteristics, there is something inherently practical 
about craft practice, and it is a skill most often practiced for a living.125

 

 

The term craftsperson is a descriptive term used to describe a type of vocation. Definitions from the 

Collins English dictionary are as follows:  

craftsman: a member of a skilled trade; someone who practises a craft; artisan126
 

trade: a personal occupation, esp. a craft requiring skill127 

occupation: a person's regular work or profession; job or principal activity128 

The inclusion of the category “self supporting” is supported by the following assertion by Glenn 

Adamson: “craft has a constituency and an economic basis, and hence a social presence”.129 This 

category is interesting in that the development of all crafts have been largely in their professional 

capacities but stem from the essential idea of survival. Craft practice has an undeniable historical 

heritage of providing a means of survival for generations of individuals, families, groups and entire 

communities. During the Middle Ages, in-demand craft skills were used to elevate craft practitioners 

from subjugation, with the formation of the medieval guilds.  
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Consider the image shown in Fig. 173.  

 

  

Fig. 173 Early Bronze Age, dark grey flint barbed and tanged arrowhead measuring 26 mm/1 in. in length. From 

Durrington Walls, Wiltshire, c. 2350–1600 B.C., http://www.antiquitiesonline.co.uk/An-exquisite-Early-Bronze-

Age-flint-arrowhead, accessed 15 November 2015.  

This flint arrowhead is between 3,500 and 4,500 years old. When viewing this example, the 

important links between the arrowhead and the development of craft as a means of survival are 

clear. The arrowhead is a direct link to hunting and survival but just as important would be jewellery 

that is made and exchanged for food and other goods. I believe that to omit the criterion of “self-

supporting” from any thorough classification of craft practice would be to deprive the practice of its 

fundamental purpose, without which craft is aimless.  

This does not mean that all craft activity has to be self-supporting; rather, it is important but not 

essential. 
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Fig. 174 Developed theory of craft practice displaying classification of studio work from this study 

If this model of craft is applied to the works that were created during the studio phase of this study, 

The Peacemaker and the Coral Gown fit into the category shown in Fig. 174 A. They were generated 

through my autonomy using a high level of skill in the chosen medium (CAD and 3D printing), but 

they are not currently used to support themselves as they are test pieces and part of an academic 

study. However, it would be a relatively simple exercise for products such as these to be created for 

a broader audience and then move them into zone B. This is an important point for this study as 

craft production makes up only a fraction of objects in use today and thus its influence is restricted. 

The writings of Yanagi Sōetsu from 1927 show that almost a century ago this was already the case. 

When describing the craft practitioner in The Unknown Craftsman, Sōetsu states:  

His products are so few and so expensive. They are more decorative than useful. Even if they 
are made for use they are expensive and therefore not employed in daily life, thus becoming 
luxury items. From the very beginning they are made for art collectors, and become 
disconnected from the life of the people. The only person who benefits is the favored 
purchaser. The artist-craftsman separates himself from need, and thereby divorces himself 
from the people around him. Is this not a mortal wound to craftsmanship?  
 

This passage also shows the importance of the impact of the craftsperson’s work on others, and 

Sōetsu states that this is the duty of the craft practitioner. Sōetsu is an important figure with regard 

to historical craft theory. His writings delve deep into the spiritual heart of craft practice and the 
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above statement was part of a commentary on the restrictive nature and influence of the craft 

practitioner at the time. When talking about the craftsperson of the future, Sōetsu states the value 

of the craftsman can be measured by the extent by which he contributes to society,130 by how much 

he is concerned with the requirements of the people around him. These comments are particularly 

pertinent to this study, which has shown that the affordability of computing and the accessibility of 

3Dprinting technology provide hitherto unseen conditions for the craft practitioner. 

Apart from use and the people there is no meaning in either craftsmanship or beauty. If the 
artist-craftsman continues isolating himself from society, he has a responsibility to admit 
with humility [out of his own experience] that his position of self-expression is one of 
insufficiency. And in view of the achievement of the arts of the people, he needs to feel an 
awakened respect for them and pave the way to the re-expression of that congregate 
power. At that moment that when the work of the artist-craftsman ceases to be individual 
and he thus joins the ranks of all men, let him place his work next to the old work that he 
used to do. And he may see truth for the first time, for his old work will not stand up in 
service or in beauty.131 
 
To reflect upon the past does not mean that we should automatically rest in old procedures. 
It is only normal to vary reactions to changing conditions. However, the principles of beauty 
in crafts are unchanging and timeless. We do not admire work because of the past but 
because of its enduring present. This surrender of oneself before beauty is for eternity. Is it 
not true that, regardless of time, things of great beauty reawaken fresh life? In fact, we 
cannot acclaim works that are defeated by time.132 

 

Sōetsu’s commentary on craft practice and its potential future raises other pertinent points. When 

questioned in 1927 about the future for craft practice, he commented that the current capitalist 

system makes it almost impossible for craft practitioners to compete with industrial manufacturing 

processes. However, he believed that the guild system which brought craft practitioners together as 

an empowering influence may present some opportunities for the future for craft practice. 

Currently, there are 565 fabrication laboratories (fab labs) operating in the world.133 These labs 

provide access to machinery for community members and allow them to access up-to-date 

technology without having to purchase expensive equipment themselves. The growing number of 

these fab labs shows this model is working, as are other systems such as Maker lab that provides a 

similar concept. These types of workshops combined with the current manifestation of 3D printing 

technology where service providers make objects on an as-needed basis potentially eases some of 

the problems encountered by craftspeople when developing complex items. Sōetsu describes guilds 

as associations for mutual help and the preservation of order and morality. The members’ own 

inputs preserved the moral order of the outputs and thus ensured its future. This is opposed to 

private enterprise and hunger for profit and over-production of inferior goods.  
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With the technologies that are the subject of this study, 3D printing and CAD, a situation exists 

where there is a shift in capital investment to time investment when developing complex 

artefacts/objects. This point has already been highlighted as a major advantage for the craft 

practitioner over the profit based and commodified systems of industrial production. There is 

another key element in this argument. Industrial production cuts costs (and increases profit) in the 

following ways: reducing material or speeding up production time. Often, this is achieved by 

simplifying products by combining parts that removes complexity, and all these result in less for the 

end user. 

In the 3D printing/CAD craft approach, this is not the case. In fact, it is quite the inverse; consider the 

time investment of an object such as the coral-inspired gown or The Peacemaker. Every minute of 

the huge time investment invested in objects such as these are passed on to the consumer—and not 

just one consumer: every user gets the time investment. Regardless of how many are produced, the 

values, ideals and philosophies are passed on to the public completely undiluted by other factors. 

This is a point of the utmost importance to this study. The key point is that with 3D printing, 

geometric complexity is no longer tied to production complexity. These two seemingly inseparable 

entities have been bound together for centuries, but this is no longer the case, and potentially as a 

result, Sōetsu’s wish for a more widespread influence of craft will be fulfilled.  

The above discussion offers a myriad of potential future opportunities for the craft practitioner using 

the combined technologies of CAD and 3D printing. If the craft practitioner is to exist and even 

flourish in the modern world, they must not compete with mass-produced objects on a like-for-like 

basis. Rather, the practitioner must focus within the areas that mass production does not excel 

within, such as complexity. Considering the speed of development within the technologies of 3D 

printing, the available opportunities are a burgeoning field.    
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CHAPTER 7 

 

Conclusion 

 
To conclude, this research has aimed to answer the following research question: 

 

How can the emerging advanced technology of additive manufacturing enhance the practices of 

experienced Australian designers, craftspeople, and artisans if it continues to develop over the next 

five years as it has over the last five years?  

 

To answer this question, the activities of craft and design and their historical relationship to each 

other have been researched in both historical and contemporary contexts. This study has identified 

many experts in the field who advocate the inclusion of new technologies into craft practice, such as 

Peter Dormer, Yanagi Sōetsu, Malcolm McCullough, and Mary Little. Furthermore, this study has 

revealed that craft theory is a complex field with many different ideologies that at first glance seem 

to be significantly different at best and totally incompatible at worst, but through careful 

consideration, there is a great deal of common ground to work with.  

 

I have shown how a how a hybrid research methodology of research for design and research through 

design (informed by the work of Christopher Frayling) can be used on projects such as this, and the 

extendibility of this approach when examining other similar projects is a key contribution of new 

knowledge learned as a result. A new visual model developed from the theories of Pye and Ruskin 

has been created to analyse and evaluate craft practice. In this model, craft practice can be 

evaluated by considering the three key areas of autonomy, skills and self-supporting.  

 

While I have not dedicated much space to discussing design as a separate practice, the findings of 

this study are highly relevant to practitioners currently working within the design industry. This 

group are already highly skilled in the use of computer-aided design (CAD) and, in accordance with 

Malcolm Gladwell and Frayling, this dedication to practice is the key to true mastery. While not all 

designers are familiar with the idiosyncrasies of the various technologies of 3D printing, the case 

studies of Grossman and Trubridge have demonstrated that, in expert hands, these new 

technologies can be mastered and integrated into practice without dominating the end result. These 

technologies and the type of practice that is the topic of this study may offer a pathway to a more 

autonomous kind of practice than members of this group are currently engaged in. I believe this idea 

is in accordance with the kind of self-actualisation of craftspeople that occurred during the Middle 

Ages and was so admired by John Ruskin and the Arts and Crafts movement.  

 

I have demonstrated through research through design that it is possible to use the combined tools of 

CAD and 3D printing to create unique objects that are able to attract global levels of appreciation. 

The fact that these objects are unique is highly important as it is the combination of complexity, skill, 

and control over complexity alone that is the focus of media attention. The Peacemaker was 

described by Materialise’s CEO Wim Michaels as a masterpiece, and the coral-inspired gown 
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described in Chapter 5 has been displayed to 6 million viewers on US TV and used by Terry Wohlers 

in his keynote speeches at Rapid 2015 in Long Beach, California, and in Australia. This study has 

created new knowledge by identifying the shift in traditional mass production from capital 

investment to time investment, which is a key point when considering the fact that through 3D 

printing, we can manufacture for design whereas previously we designed for manufacture.134  

 

This study has revealed new knowledge by identifying the removal of the translatory step that is 

present in almost all forms of mass manufacture. In my practice model, the craftsperson 

communicates with the machine. There are no toolmakers or fabricators to undertake the actual 

work of the creation of the object. This means there is a direct relationship with the machine: what 

goes in is what comes out, as evidenced by the many failed developmental test pieces printed during 

the studio phases of this project.  

 

Through my research, I have identified that geometric complexity is no longer tied to production 

complexity. This is a development on the idea of the widely used statement complexity is free coined 

by Hod Lipson, and this study considers this a far more accurate description of the reality of this 

notion. In fact, the studio work executed in this study has proven that complexity is not free at all 

and it has to be earned through effort; however, once achieved, it is infinitely reproducible and this 

has to be one of the most important and potentially beneficial characteristics of the combination of 

CAD and 3D printing, the possibilities of which we have only begun to glimpse. As David Pye 

comments: “We forget the prodigies one man and a kit of tools can do if he likes the work 

enough.”135 

 

The broad range of technologies that are encompassed by the term 3D printing are developing at an 

extremely rapid pace. This study has been almost four years in the making and the emergence of 

high quality research material and new applications for these technologies are an almost daily 

occurrence. The technologies of CAD are also progressing (albeit perhaps not so rapidly) with the 

various technologies of NURBS, Mesh, Generative and Hybrid modelling moving closer together in 

terms of compatibility. The related technologies of 3D digital scanning are also becoming more 

accessible and this technology will play a big part within the development of the contemporary craft 

practice that is the subject of this study. For ease of reading, the key findings/new knowledge 

presented as a result of this research are listed as bullet points below.  

 The benefits of including 3D printing and CAD into craft practice 

 A revision of the model of craft practice 

 The importance of Gladwell’s 10,000 hour rule  

 The importance of the removal of the translatory step in production processes 

 The potential to create unique world-first objects through additive manufacturing technologies 

 The shift in emphasis from capital investment to time investment that additive manufacturing offers 

 The strengths and advantages of 3D printing in the craftsperson’s hands  

 Complexity is no longer tied to production complexity 
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For the majority of human history, people’s lives were filled with crafted objects each containing 

embedded characteristics of personal emotion, meaning, values, significance and beauty, and it is 

only since the Industrial Revolution that this has changed. I have shown through the two major 

works that make up the core studio element of this study how the combined technologies of 3D 

printing and CAD have the potential to provide a vital conduit between a craft practitioner and their 

potential audience. 
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