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ABSTRACT: In the new ‘file to factory’ (Kolarevic 2003:31) digital environment, the aesthetic 
possibilities of fabrication technologies in particular are still evolving. How do designers innovate 
beyond the limits of what they know? Can the knowledge base of traditional building craft be 
augmented by new understandings gained through engagement with materials and digital 
manufacturing environments off the building site? 
At Unitec School of Architecture and Landscape Architecture (ScALA) we attempt to introduce students 
to technology directly as a means by which architecture might be explored and realised. An 
investigation of the current CADCAM and CNC machine resources available locally in Auckland 
provided us with the opportunity to offer an elective course in Digital Fabrication to a dozen students. 
The course set out to explore formal processes that we might not have seen before and to develop new 
understandings between designer and fabricator. 
This paper outlines learning objectives, the course structure, and discusses the final outcomes. The 
students engaged with fabricators to explore materials and processes that resulted in objects, not 
models. They were asked to embark on a process with all the parameters of professional activity; 
design agendas, deadlines, budgets, production and material constraints. 
 
Conference theme: Architectural education  
Keywords: digital fabrication, craft, CADCAM,  
 
 

INTRODUCTION 

 
The widespread adoption of CAD (Computer Aided 
Draughting) technologies within architectural practice 
suggests the increasing usefulness of CAM (Computer 
Aided Manufacture) technologies to the architect. CAM 
software writes the automated tooling paths for CNC 
(Computer Numerically Controlled) machinery that 
significantly reduces the set up and operating times of a 
number of cutting, bending, lathing and routing 
operations. Conventionally the prohibitive costs of 
manufacturing moulds, dies and prototypes limit the 
scope of original or novel component design able to be 
pursued within the parameters of a single architectural 
project. 
Theoretically such technology makes one-off production, 
batch production and mass customisation available to 
those designers who are involved in the production of 
unique objects, buildings and their components for 
example, and offers them some of the advantages 
usually reserved for the designers of consumer objects 
where mass-production justifies proportionately large 
research and development budgets. 
This paper describes an elective course for 4

th
 and 5

th
 

year Architecture students at ScALA Unitec and 
discusses its results. This elective investigated the 
application of CAM and Rapid Prototype Manufacturing 
(RPM) technologies in Auckland and tested the practical 
availability of these technologies to architectural students 
with little digital training. We briefly explored the 
theoretical issues driving digital work, manufacturing 
processes, industrialisation, notions of mass-
customisation of consumer products and architectural 
building elements. Students were introduced to a range 
of manufacturing processes and machinery including 
rapid prototyping technologies, (stereolithography), file 
conversion, spatial digitising, CAD modelling software 
CAM software and CNC fabrication machinery. 

1. MAKING, DIGITAL FABRICATION AND 
ARCHITECTURE 
 
Several learning objectives, phrased as questions, 
motivated this investigation of digital fabrication:  
 
1.1. Can the act of making be a basis for a model of 
architecture? 

Typically, designing an object leads to describing how to 
make it. Without that ability we risk a kind of isolation and 
also an obligation to carry out the making ourselves. 
Insofar as architects do not build directly they are 
engaged in the making of a set of instructions. More 
recently as Stacy has commented, the practising 
architect faces other barriers to a direct knowledge of 
making. 

The trend away from nomination and named specification 
to performance specification is a mixed blessing in that it 
further distances the designer from the maker. (Stacey 
1991) 

Students of architecture are at one further remove in that 
the drawings and models they make are rarely pressed 
into service for the purpose of a built end. The craft that 
they learn is one of representation using paper, card, 
line, colour and increasingly digital imagery. The tools of 
pencil and craft knife are replaced by the mouse to 
construct animated models of architecture that allow a 
visual interaction with the added dimensions of time and 
movement. This elective offered students an opportunity 
to make a set of digital instructions for the construction of 
an object. 
Architectural prototyping and 1:1 scale models have long 
been a part of traditional architectural activity. Besides 
modelling and drawing, prototyping is the other act of 
making that architects directly engage in. “The 
confidence to be gained from physical testing cannot be 
overstated”. (Stacey 2001:9) The ability to create virtual 
prototypes in CAD has initiated the development of 
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desktop machine tools conceived specifically for the 
studio or office. The attempt to forge the most direct link 
between visual representation and automated realisation 
has resulted in solid freeform fabrication or rapid 

prototyping processes which fabricate objects layer by 
layer in an additive manner under the control of data 
from a virtual prototype. These processes form physical 
prototypes of design components in non permanent 
materials (while they may be durable enough for some 
useful testing) without the use of moulds or other 
repetitive fabrication techniques and are to be 
distinguished from CNC machine tool processes which 
remove material in a subtractive manner and may 
operate on metals, woods, composite polymers and 
other more conventional construction materials. Two 
rapid prototyping processes readily available in Auckland 
are:  
Selective laser sintering: A 3-D printing process that 
forms parts by selectively fusing together a polymer-
coated starch-based powder. Virtual objects are cross-
sectioned and made layer by horizontal layer on a build 
platform. The movable platform is incrementally lowered 
into the build chamber and repeatedly covered with a 
thin uniform layer of powder which is sintered together 
using a Co2 laser at selective points described by the 
data file.  
Stereolithography: Using the same cross-sectioning 
principle an object is formed from a virtual model in a vat 
of photosensitive resin. The stereolithography software 
takes horizontal cross-sections of the digital model. 
Using liquid photo polymers a computer controlled laser 
scans the surface of the resin selectively curing only the 
areas described by the section of the object. The build 
platform drops progressively through the vat of resin and 
layers are formed from the bottom up. Solid resin forms 
require sanding and cleaning by hand. The rapid 
prototype might also serve as a basis for a mould for the 
full production of a component in another material (soft 
tooling).  
While these essentially modelling processes offer the 
industrial designer critical time advantages in the 
commercially driven research-to-market production cycle, 
they have yet to be investigated to any extent in 
architectural practice. The course set out to explore the 
applicability of these processes. 
 
1.2. How does the act of making inform the practice 
of architecture?  
It is useful to recognise that two models for making 
converge in the building of architecture. The tradition of 
craft-based on-site activity responds to the fragmentary 
and nomadic quality of building and retains a design 
responsiveness that gratifies designers but frequently 
frustrates the building industry. The second model, that 
of industrial mass-production, preoccupied 20

th
 century 

designers and lead to so-called ‘catalogue’ architecture. 
The specifying of ready-made proprietary products from 
a manufacturing environment, while responding 
symbolically to the technological polemic of the time, also 
reduced on-site work. Programming predictability and 
other advantages make it an approach still favoured by 
the construction industry. Conversely an uncritical 
reliance on ‘off the peg’ componentry narrows down the 
range of responses to any given design problem and 
leads to an impoverishment of the design culture that 
architecture operates within. Between industrial 
manufacturing and building craft lies fertile ground for 
contemporary architecture which new CADCAM 
technology with its flexible mass-customising potential is 
ideally suited to cultivate. Understanding new methods of 

industrial production can lead to fresh relationships 
between designer and producer while taking advantage 
of the benefits conferred by a more flexible systems 
approach to building.  
 
1.3. If tacit knowledge is an important and necessary 
condition of craft how do we innovate as designers 
beyond the limits?  
Designers today have a bewildering choice of materials 
and fabrication methods to select from. Our ability to 
make design decisions is almost directly related to our 
access to design information and technical precedent. 
Within the construction trades a wide degree of tacit 
knowledge is assumed. Today, when we ask for a 
sponged plaster finish, a bagged finish to blockwork, an 
adzed/band sawn/rough sawn or dressed finish to a 
timber beam, we assume that we are talking in terms that 
are widely understood by plasterers, carpenters and 
suppliers. There is an implicit or tacit understanding of 
how these surfaces are achieved, the tools to be used 
and the technique for using them to achieve the required 
effect. Architects learn this vocabulary early if they wish 
to be effective.  
How do designers continue to be part of innovation in a 
time of rapid technical, social and economic change? 
Increasingly the products society uses are made in 
specialist production environments using a range of tools 
and techniques that are unrecognisable and unfamiliar to 
us. Digital fabrication processes bring us closer to the 
machine tools of mass production and their operators 
with a new vocabulary and knowledge base. These 
processes offer various aesthetic possibilities that need 
investigation by architects. Indicative of these 
possibilities are CNC cutting processes using laser, 
water, or plasma which produce a kerf with differing 
visual characteristics. Many of these aesthetic 
possibilities arise when the machine tools are not being 
used to the level of precision at which they are designed 
to operate and thus escape the attention of their primary 
users. The expressive possibilities of tool bit marks and 
directional tool paths can be seen in Figure 1 with this 
table top designed for the Metaform Exhibition in the 
Auckland Museum 2003. 
 

 
 Source: (Budgett 2003) 

Figure 1: Metaform Furniture Exhibit, Author unknown, 
Tabletop surface exploits timber grain, topological 
surface carving, spherical geometries and bullnose 

tooling paths of router head for rich ornamental effect. 
 

1.4. How practically feasible is a seamless pathway 

from digital design to digital fabrication? 
How do we test our designs and what prototyping 
processes are available to us? How will we instruct 
others to make them? How do we talk about our work to 
fabricators in a way that will allow them to build it? If 
digital technologies offer us strategies for answering 



The 38th International Conference of Architectural Science Association ANZAScA 
“Contexts of architecture”, Launceston, Tasmania, 10–12 November 2004 

345 

these questions, how can we make use of them? CAM 
software will write G-code automatically for the 
interfacing of a computer with a machine tool or process 
to achieve automated operation. Many CNC machines 
have their own particular software to do this. They will 
take standard .dwg, .dxf or IGES files and convert them 
into a numerical control programme. Most machine 
operators would not allow someone else’s G-code to be 
used on their machine and to this extent machine tools 
are still very reliant on skilled operatives with their own 
knowledge base. (Understanding spindle drive speeds, 
lubrication and cooling requirements, material positioning 
are all aspects of G-code programming.) While CNC 
machinery is used extensively in large scale 
manufacturing – for example in the car industry - it is in 
numerous small and medium-size enterprises where a 
new context for its use and development has been 
created. Today CNC cutting, punching, folding, milling, 
lathing and routing tools are routinely available for 
occasional small scale projects in the Auckland region 
and some fabricators welcome new ideas and new uses. 
How much support could we expect from them? The 
range and extent of skills required to participate in this 
activity was unclear at the beginning of the process. How 
useful were the three years of drawing, and digital 
training available in the undergraduate course going to 
be? Just how much new software knowledge would be 
required for students to begin to engage with the 
process? McCullough’s assertion seemed especially 
pertinent here.  

The more time people spend learning about and tinkering 
with computers, the less time they spend setting goals or 
applying existing skills. And at a most general level, the 
more we learn how to do, the less we know what to do. 
(McCullough 1996:67) 

At all times we were embarking on a design project and 
technical investigations were a means to an end. 
 
1.5. How do we explore material and technique in the 
design and fabrication of an object using digital 
technologies? 
While we have long accepted that artwork may be 
abstractly conceived and materially realised at a distance 
from the hand of the artist, craft is frequently still 
understood as technical but not technological. In 
discussions of craft and technology, stereotypical 
oppositions apply and they are frequently posited against 
each other; their definitions constructed along 
distinctions between manual and mechanised methods, 
traditional and digital skills. In Abstracting Craft Malcolm 
McCullough uses inclusive definitions of tools and craft 
that rely fundamentally on acts of human intention. 

 A tool is a moving entity whose use is initiated and 
actively guided by a human being, for whom it acts as an 
extension, toward a specific purpose…… The degree of 
personal participation, more than any degree of 
independence from machine technology, influences 
perceptions of craft in work. (McCullough 1996:68-9) 

These definitions that focus on human intent and 
personal participation allow McCullough to recuperate 
contemporary digital technology as an extension of non 
traditional craft activity. He argues that: 

Increasingly computing shows promise of becoming the 
medium that could reunite visual thinking with manual 

dexterity and practiced knowledge…. Computer-aided 
design and manufacturing recasts relations between 
images and things…. it models and manipulates not only 
objects, but also processes by which they are 
made…thanks to CADCAM , and more controllably than 
ever before, images can become things. (McCullough 
1996:50-1) 

Students were encouraged to work in pairs to conserve 

the resources of fabricators who had offered machine 
time and advice. Working in pairs also provided a 
supportive and collaborative approach in talking to 
industry. The assignment asked them to design and 
fabricate an architectural object at 1.1 scale using digital 
design and fabrication processes. Objects might include 
architectural componentry, furniture, screen, door panel, 
gate, or be a more free-form exploration of material and 
technique. A critical design strategy identified that one 
material and one tooling process had strength in 
aesthetic terms and practical value in simplifying first 
attempts. This assignment asked students to engage 
with one material and one process in a way to exploit the 
fullest ornamental possibilities and to investigate the 
accidental or coincidental results of processes for their 
aesthetic possibilities. The intention was not to make 
models but use materials in their own right. The finished 
work was to be accompanied by a Design Report to 
provide a concise explanation of design intentions, 
record of contact with the fabricator, technical notes, 
quoted prices, and material options.  
 

2. COURSE STRUCTURE 
 
The twelve 2-hour sessions allocated to the course were 
augmented by two all day sessions scheduled near the 
beginning of the course. The intention was to ‘front–end 
load’ the course with material that would stimulate design 
thinking among the students. These incorporated site 
visits to fabricators, theory sessions, exhibitions and 
demonstrations. Thereafter the course sessions 
functioned as design tutorials and programme deadlines. 
The course structure modelled as a construction 
programme with the final deadline being an exhibition 
event. 
 
2.1. Course Outline:  
Week 1 Introduction  
10.30-12.30pm  Digital Technique 
Week 1 Theory seminar 
8.30- 10.30am Technique to what End? 
11.00-12.30pm Dock Street Office Fitout 
     Auckland Museum Metaform Furniture 
      Exhibition 
1.00- 2.30pm  Industrial Design to Manufacture  
3.30 - 4.30pm  CADCAM lathe and milling 
      demonstration AUT 
Week 2 Site visit to Plastic Design Technologies 
10.30-12.30pm Stereolithography Rapid Prototyping 
Week 2 Site Visits 9.00- 4.00pm    
9.30-10.30  Steltech Steel/ CNC Laser Cutting 
11.00-12.00  Routec Cutting/ 3-axis CNC router  
1.00-2.00   Jackson Electrical/ 5-axis CNC Routers 
2.30-3.30   Statec Manufacturing/Cutting & Folding 
Week 3 Construction of Curved Surfaces.  
10.30-12.30  Boat Building Workshop    
Week 4 Introduction to Autodesk Inventor Workshop 
10.30-12.30am Self-selected pair groups  
Week 5  Design Workshop Version 1 design 

proposals to be submitted.  
File formatting, Interface with CAM software and CNC 
machinery. What are the questions for industry? 
Week 6  Send files to fabricators and rapid 

prototypers 
Liaise with industry to establish reasonable limits for your 
projects. You are to establish the feasibility of the design, 
the cost implications, and very importantly the time frame 
for getting files to enable fabrication.  
A material and fabrication budget of $165 per student is 
available.  
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Week 7-8 MID SEMESTER BREAK  
Week 9  Design Workshop Version 2 Seminars.  
If you are still designing at this stage then you must have 
assurances from your fabricator that they can meet the 
deadline. 
Week 10-11  Production  
Week 12   Assembling/Finishing/Sanding/Coating/ 
Painting 
Week 13   Workshop Hand in  
Week 14    CRIT WEEK Exhibition  
 

3. DESIGN PROJECTS 
 

 
Source: (James Raimon 2003) 

Figure 2: Stainless Steel Door knocker, Designer: 
James Raimon 

 
Two dimensional laser fusion cutting produced three 
parts to be assembled and fixed with a pivot pin (Fig. 2). 
6mm stainless steel sheet was laser cut to a complex 
pattern with sharp square edged corners, close spaced 
cutting lines and clean finished edges. This process 
produces potentially damaging heat build-up if the 
diameter of the hole is less than the thickness of the 
material. This necessitated the manual drilling of the 
2mm holes for screw- fixing the plate to the door, the 
pivot pin and welding of the pivot tab to the mounting 
plate. 

 

 
Source: (Tane Pratt 2003) 

Figure 3: Shelving Assembly, Designer: Tane Pratt 

Figure 3 shows a project exploring the aesthetics of 
recycled timber and precision laser cut plywood shelves. 
The slotted shelves relied upon a precisely cut housing 
to gain their stability in cantilever. The irregular finish of 
the recycled timber made it unsuitable for mounting and 
tooling with a machine tool. An interesting mismatch of 
aesthetic intention and high precision technology 
occurred in this project. 
 

 
Source: (Budgett 2003) 

Figure 4: Blob, Designer: Martin Ulenberg 
 

3mm acrylic laminars were used to construct this hollow 
blob and lamp prototype shown in Figure 4. The object 
was modelled in 3d software (a spherical object 
consisting of two surfaces). Sixty four sections were 
taken through the object and exported to the fabricators 
nesting software in autocad .dxf format. The cutting took 
approximately 20 minutes. Using a familiar modelling 
procedure of laminating contour sections, this technique 
is transformed by the accuracy and precision of laser 
cutting and the shift in material to transparent acrylic. 
This 2D technique proved the cheapest alternative for 
producing 3D objects. The result was two deformed 
spherical objects. The cutouts of the negative internal 
space of the hollow blob were used to construct a 
second solid laminated blob.  
 

a)   

b)  
 Source a): (Budgett 2003)   

Source b): (Kerr and Tebbutt 2003) 

Figure 5: Coffee Table, Designers: Chris Kerr & Roy 
Tebbutt. Cutting profile Autocad .dwg file 

 
This coffee table and magazine project shown in Figure 5 
explored flat sheet material, cutting operations and 
folding operations. Initial design concepts utilised 
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complex return folds on a 3m sheet. The designers were 
repeatedly told that it would have to be cut in sections 
and welded together. Visits to several fabricators rapidly 
focused the design exploration around material and 
production constraints. Material choice, sheet thickness, 
width and length, folding radii and angles were selected 
by precise understanding of what the machines would 
allow them to do. Final design used 3mm stainless steel 
sheet 3m by 0.6m long. The fabricator was not confident 
of his ability to fold this project in one piece. This project 
demonstrated the ability of designers to extend the 
knowledge base of fabricators beyond their limits. The 
simplicity of the approach and smart material choice 
required little in the way of post finishing or assembly.  
 

 
Source: (Budgett 2003) 

Figure 6: Table, Designers: Adam Jones, Abbi 
Prestidge, Miltiades Stefadouros 

 

 
Source: (Adam Jones, Abbi Prestidge, Miltiades Stefadouros 2003) 

Figure 7: Table, Autocad files  
 

This table project (Figures 6 & 7) was inspired by the 
burnt edge of laser cut white meranti plywood and 
traditional dovetailing techniques. Early pencil sketches 
evolved into the 3D model below. The designers 
exploited the laser cutting process for ornamental and 
functional jointing. The precision of the cutting process 
and design of the joints produced a completely stable 
assembly without the need for glued or fixed joints. The 
project dimensions were driven by the 2400 x 1200 sheet 

size with little wastage. The blackened cut ends of the 
internal vertical members penetrate through the box, are 
flush with the surface of the table and indistinguishable 
from the blackened edges of the empty openings in the 
top. This project demonstrates an elegance and 
economy of aesthetic means available through the 
fabrication technique.  

 

 
Source: (Budgett 2003) 

Figure 8: Lamp, Designers, Matt Sterne & Stanley Siu 
 

This lamp project (Figures 8, 9, &10) was the only one to 
utilise 3D shaping of a surface. A CNC router was used 
to carve spherical craters in a sheet of 18mm plywood. 
The routing was performed on the whole sheet to obviate 
fixing to the router table and the sheet subsequently cut 
into plates for vertical assembly. 
 

 
Source: (Matt Sterne & Stanley Siu 2003) 

Figure 9: Autocad .dxf file 
 

 
Source: (Matt Sterne & Stanley Siu 2003) 

Figure 10: Autocad .dxf file 
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4. CONCLUSIONS 
 
The course set out to research digital fabrication 
processes for design opportunities and to test the notion 
that the process from design to fabrication could be 
entirely digital. There were expectations that students 
might learn new parametric design software for complex 
freeform 3D work. A critical development in CAD has 
been the shift most recently to parametric software 
(Revit, Solidworks, Pro/Engineer, Inventor, Rhino). 
Dimensionally driven, parametric operations can revise 
the internal compositions of composite forms. Any 
change to a digital model will impact on all the 
neighbouring relationships to it and the software will 
automatically update them in plan, section, schedule etc. 
By supplying values that respond to the essential design 
constraints of material (maximum sheet size for example) 
and machine production processes (allowable bending 
radii for example) to independent design variables, a 
systematic exploration of parametric iterations is possible 
from which suitable design versions could be identified. 
These programmes may be geared to engineering and 
manufacturing processes and have, for example, 
operations that develop curved surfaces into flat sheets 
amenable to cutting.  
The course introduced Autodesk Inventor and Solidworks 
to students but little work was done in these 
programmes. 
In most cases the very early design process occurred by 
hand, design proposals being more rapidly evaluated by 
a series of pencil sketches with the essential design 
parameters identified after one or two discussions with 
fabricators and then developed in digital format. The 
learning of new software tended to be an extension of 
skills learned already in the programmes available in the 
department (Autocad and Studio Viz). 3D modelling was 
used to verify the formal composition of projects and 
cutting layouts were drawn up as 2D drawings. The 
format of exported Autocad files (.dxf, .dwg, .stl, IGES) 
depended on fabricators requirements but generally the 
ability to export Autocad and StudioViz files in various 
formats to fabricators was more straightforward than 
initially expected. It must be noted that the work achieved 
a 3 D quality largely through the construction of 
reconfigured 2 D cut out material. Most work used 2D 
cutting and the 3D routing used spherical geometry. This 
was a result of limited software expertise and the 
prohibitive fabrication costs for free form routered surface 
explorations.  
Selected design iterations would, in theory, lead to 
physical testing with a series of rapid prototypes, 
establishing a feed back loop based on visual testing, 
touching and modifying. Selective laser sintering 
prototyping was available for the cost of consumables 
but limited use was made of this opportunity. Where work 
of the hand-held scale was proposed 1:1 rapid 
prototypes were informative for checking scale, the fitting 
of the object to the hand or to another part. The 
dimensional limitations of the build platform (200 x 200 x 
250mm) made this process less useful to check the 
generally larger scale of work produced by students. The 
other disadvantage of this process was the low 
specification material quality of the finished object. The 
milky opaque material of the starch-based process 
requires significant finishing work in order to provide any 
helpful simulation of other material surfaces. Although a 
resin based stereolithography process available in 
Auckland produced finely articulated translucent 
prototypes, capable of real delicacy, the costs of this 
technique proved prohibitive to students. 

 
Source: (Budgett 2003) 

Figure 11: Budgett / Rhodes: Rapid Prototype by 
selective laser sintering process 

 
The course was a popular one with very high levels of 
attendance and participation. The design outcomes 
reflect the students’ engagement with many aspects of 
craft in the making of an architectural component: 
material selection, dimensional constraints and design 
tolerances, manufacturing limits, formal and aesthetic 
decision-making, finishing and assembly processes, and 
not least the digital data representations of their projects. 
Students had to talk to industry, to each other, research 
their options, plan and programme both time and costs. 
Comments in the written work report that they were 
creatively stimulated and empowered by their new 
access to information and means of production through 
local CADCAM fabricators. While the construction of the 
conventional architectural project is considerably more 
complex and still far removed from the automated 
making explored here, the design of a component 
allowed for the testing of CADCAM technology at a 
realistic and achievable scale, both physically and 
financially, for the undergraduate architectural student. 
Students could see the immediate applications of this 
new learning in the customising of ironmongery, 
furniture, cabinetry, lighting fixtures and how these might 
be used in the domestic and interior fit-out spheres of 
architecture. Complex CNC routing and cutting can be 
utilised in the production of moulds and jigs for other 
architectural elements, wall cladding panels, The 
increasingly widespread, if prosaic, use of CADCAM in 
manufacturing industries opens up the potential for much 
more creative dialogue between designers and 
fabricators. The course encouraged students to seek 
these opportunities outside the relatively sheltered 
environment of the school workshop. 
Digital craft, it has been argued, will replace our 
traditional understanding of craft. Can fully automated 
machinery replace the artisan when it comes to 
fabrication? Does CAM offer automatic making that 
makes traditional craft knowledge redundant? Answers 
to these questions may be premature. Digital information 
proved to be one element in a web of participatory 
personal exchanges of information. For many projects 
the design process tracked between traditional and 
digital, manual and mechanised methods. This brings to 
mind McCullough’ s words,  

The degree of personal participation, more than any degree 
of independence from machine technology, influences 
perceptions of craft in work. (McCullough 1996:68-9) 
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