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Description 

This industry talk charts a chapter in the story of UCL @ HereEast, a new education and 
research facility set-up in Stratford in the east-end of London that opened in 2018. It hosts a 
new masters course in Design for Manufacture (DfM) uniquely within a School of Architecture. 
Equipped with industrial robotics, CNC milling and turning machinery, folding, forming, laser-
cutting, 3D-printing supported by a metal and wood fabrication workshop and facilities for 
component assembly and metrology, UCL @ HereEast strives to cultivate an environment 
where groups of student designers can learn to negotiate across the interface between the 
design studio and the point of industrial production. 
 
This talk asks: how might the well-established methods for industrialised manufacturing that are 
prevalent in automotive and aerospace be used in the design of construction projects? This 
question is explored through an approach of ñmodel-make-measureò in which students directly 
engage with the properties of materials and the effect that fabrication processes have on its 
material performance and dimensional variability. The feedback this approach creates between 
intent and outcome becomes the basis for evaluation and discussion, triggering opportunities for 
novel design outcomes. It also suggests workflows, methodologies and user skill-sets that are 
transferrable to the construction industry to aid improvements in the delivery of buildings. 
 

Speaker 

I am an associate professor of architecture investigating the design and 
engineering of low-energy passive devices for buildings. I trained as an 
architect and after a decade in practice retrained as a research 
engineer. I built on my experience in practice to work on a range of 
research projects applied to the built environment including passive 
downdraught ventilation, movable thermally-insulated window 
shutters,passive thermal actuator mechaniams, bioreceptive porous 
concrete and the development of bi-metallic operated window-blinds.  

Learning Objectives 

¶ An approach to educating Design for Manufacture (DfM) 

¶ Applying software tools in an iterative design and fabrication workflow 

¶ Using Fusion 360 in a ñDesign for sand-castingò workflow 

¶ Student group project collaboration with Fusion Team  
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Introduction and context 

I have a research interest in the challenges of bringing industrialized manufacturing to the 
construction industry. This is motivated by the long-standing observations that have been made 
about the characteristics of the construction industry with its client, team of design consultants 
and contractor structure, adverserial procurement processes, complicated supply-chains, 
fragmented delivery methods and operational processes e.g. (Egan, 1998). The results of these 
analyses have generally shown that the construction industry exhibits poor levels of productivity, 
high levels of waste and rework often due to the poor quality and coordination of design 
information leading to delays in completion and costly disputes between parties. 
 
Equally long-standing observations have been made about similarities that can be drawn 
between the industrialised construction of housing and automotive production (Gunn, 1996). 
Where benefits can come from a component-based approach, with a systematic decomposition 
of a whole construction (or product) into assemblies and sub-assemblies in which the 
components are interchangeable within well-defined and coordinated dimensional relationships. 
 
It is arguable that this situation will be difficult to improve if there remains a significant digital 
divide in the practice of translating design information to fabrication data. Yet a recent survey 
assessing the level of digitisation in the global construction industry against 27 metrics found it 
to be the second lowest out of 22 other major sectors of industry (McKinsey, 2015). 
 
It is also arguable how best to bridge the digital divides that are found between design intentions 
and the fabrication data needed for its manufacture, and how best to teach the requisite skills 
and cultivate progressive working practices that address the limitations that the surveys have 
identified. As well as to adopt principles and techniques that have been shown to offer 
continued improvement. This industry talk presents projects from a new masters in Design for 
Manufacture (DfM) that is uniquely offered within a school of architecture at its new 3500m2 
facility dedicated to supporting manufacturing research and education in UCL @ HereEast. 
 
 
 
 
 
 
 
  

FIGURE 1: THE HEREEAST SITE IN STRATFORD EAST LONDON (UK) 
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A place for Manufacturing and Design Exchange 

During two and half years of teaching DfM I have been exploring the dialogue between software 
tools used to represent design intention and its relationship to the needs of producing 
manufacturing data for the processes involved in its fabrication as well as for its assembly. 
 
The DfM course is fortunate to have access to a facility with an ecosystem of fabrication 
processes including; 3D printing, robotic fabrication, a range of CNC machinery for milling, 
routing, turning, folding, as well as felting, glass forming, welding, adhesion application, steam-
bending and metal casting. Led by its technical director Peter Scully and known as the ñBartlett 
Manufacturing and Design Exchangeò or B-MADE, it has been the physical place where the 
design studio culture of DfM meets the workshop culture of direct hands-on engagement with 
both materials and the range of fabrication processes that are available. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

FIGURE 3: PANORAMA OF THE SHARED GENERAL FABRICATION SPACE IN UCL @ HEREEAST 

FIGURE 2: FACILITIES FOR INDUSTRIAL ROBOTICS AND CNC MACHINERY 
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An approach to educating Design for Manufacture (DfM) 

A design for manufacture education involves more than learning how to reconcile the 
differences between an ideal digital representation of your design idea and the physical reality 
of what you can make with the materials and machinery available to you together with your level 
of skill and experience of making. Instead of solely a process of translation, this course aims to 
teach design for manufacture as a creative dialogue between design and processes of making 
by acknowledging how the act of making can critically inform the assumptions in design intent.  
 
For this dialogue to take place, the design studio needs to enter into purposeful conversation 
with the workshop, in order to be effective any sources of friction need to be reduced, including 
in the software tools that translate data between the two. Fusion 360 was selected as part of a 
software palette for its end-to-end design and manufacturing workspace to support the fluid flow 
between geometry and fabrication information as well as feedback from inspection metrology. 
 
However, there are significant differences between these two cultures, the design studio is 
characterised by conversations and critical reviews or ñcritsò in which work-in-progress is 
discussed around sketches, models, 1:1 prototypes, animations, simulations and software code. 
 

 
 

FIGURE 4: STUDIO "CRITS" REVIEWING WORK-IN-PROGRESS AND DEDICATED FUSION 360 SKILLS CLASSES 

 
Whereas the workshop culture of UCL @ HereEast closely resembles that of a factory 
environment, so by physically connecting the design studio culture to the workshop we aim to 
promote and facilitate a dialogue between digital design representation and physical making. 
 

 
 

FIGURE 5: DFM STUDENTS IN THE WORKSHOP AND MACHINE-SHOP ENVIRONMENT 



 

 

Page 5 

Design for Sand-Casting  

Casting metals is an ancient fabrication technique, with the earliest known example being a 
copper frog dated 3200 B.C. from Mesopotamia and large-scale casting can be traced back to 
the production of cast iron in China around 700 B.C. (Ravi, 2015). The fabrication process of 
casting light-alloy metals presents the knowledgeable designer with tremendous opportunities 
for making components that offer structurally strength and functionality while also affording 
sculptural expressiveness. Sand-mold casting is a simple technique that is accessible with 
minimal equipment in a simple workflow for creating the NNS (Near Net Shape) of a part. 
 
Figure 6 shows an Aluminium casting for the ñPavilion for the Centennial of Aluminiumò in Paris 
by the famous 20th century French constructor Jean Prouvé. Made from a mirrored two-part 
casting, it connects the roof and vertical structure, supports the roof surface, incorporates fixing-
points for rainwater goods and banner pole support. It is an example of how the considered 
design of a light-alloy metal casting can be multi-functional and as in this case an 
interchangable module that was repeated 228 times in its original construction.  
 
In this case-study success requires an understanding of the process to evaluate the feasibility of 
a pattern geometry within the constraints of achievable mold shape, the solid CAD model 
representation and analysis tools in Fusion 360 have been used in the following example.  
 

 
 

FIGURE 6: DETAIL OF CASTING FOR THE JOINT BETWEEN ROOF AND VERTICAL STRUCTURE FROM THE 
ñPAVILION FOR THE CENTENNIAL OF ALUMINIUMò IN PARIS DESIGNED BY JEAN PROUVÉ 
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Modeling and simple analysis in design for sand-casting 
 
The modeling features and analysis tools in Fusion 360 were used  
as digital aids in a design for sand-casting workflow as follows: 
 

¶ The support for ñUser Parametersò in Fusion 360 enabled the 
geometric relationships between the features of the part to be 
comprehensively described. As the design developed these could be 
adjusted in response to a deepening understanding of the process 
constraints 
   

¶ A closed boundary-represented solid geometry allows the careful 
study of how much variation in the three-dimensional thickness exists 
through the casting. The Inspect ñSection Analysisò command was 
used extensively to avoid parts of the component becoming thinner 
than the minimum castable thickness as well as abrupt changes in 
thickness 
 

¶ Generous fillets were applied between the primary geometric forms to 
aid the flow of liquid metal around the moldôs cavity and reduce 
defects such as hot tearing 
 

¶ The application of an appropriate draft angle to all the vertical 
surfaces and using the Inspect ñDraft Analysisò command to visualize 
its distribution to check for locations that would impede removal from 
the mold. The draft angle applied was 2.5° 
 

¶ Acknowledging that parts cast using the gravity sand-mold process 
exhibit shrinkage as the part solidifies and cools, the amount of 
shrinkage was be approximately compensated for by modelling a 
point using the Inspect ñCentre of Massò command and applying a 
uniform scaling factor of 5/32ò per foot for Aluminium alloy of small 
size with a simple geometry after p. 202 in (Ammen, 1985). 
 

¶ Using the correct ñPhysical materialò assignment and component 
properties command it was straightforward to extract the mass of 
Aluminium (kg) needed for both the cast component and the risers 
and runners to match with the capacity of a crucible and furnace 
combination.  
 

¶ The solid geometry was then exported as an *.stl file for 3D printing a 
dimensionally accurate pattern with a high-resolution (12.5ɛm in the 
X-Y axis on an Ultimaker 3) 
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Making a series of castings 
 
Using the basic NNS in this simple workflow and taking advantage of the User Parameters in 
Fusion 360, the geometry was fully-constrained and then values adjusted iteratively using 
feedback from the draft analysis, section thickness measurement and total mass of cast. The 
Import/Export parameters (csv) add-in was then used to share these values between design 
files for a series of castings to suit different structural node geometries for joining together the 
ends of roundwood timbers was derived with one, two, three and four eyelets features as shown 
in the left of Figure 7. 
 
When a balance was found between the parameter values, an *.stl file of the shrinkage 
compensated pattern was sliced in Ultimaker CURA software and 3D printed, then sealed from 
moisture ingress while in the green-sand mold and finally cast using a small-crucible foundry. 
 
An advantage of fabricating this NNS in Aluminium using sand-casting is that 73% of material 
was saved that would have been removed by subtractive CNC milling from a cylindrical stock 
enclosing the same shape. While a compromise is made with the surface finish of a casting 
straight for the sand-mold compared with milling, we where pleasantly surprised by the 
consistency of the quality. We were more concerned with achieving the required tolerance on 
coordination of fixing holes and their centre positions, in general accepting the ±1mm 

dimensional variation, for the shaft that connects the nodes precision was projecting onto the 
case with post-cast milling only in those limited areas where needed. 
 
 

  

FIGURE 7: 3D PRINTED PATTERNS FINISHED CONNECTOR NODE CASTINGS AND PARAMETRIC VARIATIONS 
(CASTINGS MADE BY MELIS VAN DEN BERG) 
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Designing movable building components 
 

Given that buildings are exposed to prevailing meteorological conditions that are in a state of 
continual change, this case-study explored the design of a mechanism for building facades with 
variable performance that responds to the extremes of the prevailing environement between 
overcast and clear-sky sunlight. This case-study applied the mechanical design features of 
Fusion 360 software to develop and prototype an adjustable sun-blind operated by a novel 
passive thermal actuator device that is activated by absorbing solar energy by the greenhouse 
effect inside a micro-enclosure made of borosicilate glass 3.3. The design challenges included 
the need for robustness, a continuous thermal-break around the actuator, damping the wind-
induced load on the sun-blind blades. As well as an approach to assembly and disassembly 
where each material type can be separated at the end-of-life into recoverable waste streams. 
 
The project used Fusion 360ôs hybrid approach to modelling with components within and linked 
into sub-assemblies nested into assemblies to efficiently model the modular design. The 
tolerances required to ensure the fit of mechanical components made extensive use of the 
close-coupling between Fusion 360 design and manufacture workspaces. 

 
 

FIGURE 8: PASSIVE THERMAL ACTUATOR-OPERATED SOLAR BLIND MECHANISM FOR SHADING BUILDING FACADES 
(FUSION 360 FULLY ARTICULATED ASSEMBLY MODEL WITH SUN-BLIND BLADES OMITTED FOR CLARITY) 


