Printing a Coﬀee Bar
An investigation into mid-scale 3D printing
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We present and discuss an exploration of the possibilities and properties of 3D
printing with a printing space of 1 cubic meter, and how those can be integrated
into architectural education through an experimental design and research course
with students of architecture.We expand on issues presented at the eCAADe
conference 2017 in Rome [Ref 6] by increasing the complexity and size of our
prints, printing not a model to scale, but a full scale funtional prototype of a
usable architectural object: A coffee bar.
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Background
3D printing is rapidly developing in several directions: amongst other aspects, printing becomes
faster, the resolution higher, ever more materials can
be printed, the technology becomes more accessible
(in terms of ﬁnance as well as technicality), and ever
larger objects can be printed (Gebhardt 2012).
These developments open up new possibilities
both in developing as well as building architecture.
We hold six to be of most importance and impact:
1. Prototype models of designs can be produced more swiftly, thereby accelerating the
feedback loop between design thoughts and
physical tests.
2. Geometrical constraints imposed by material
and construction method properties fall away.
3. Materials can be customized when one
can print at an extremely resolution and
thereby deﬁne properties like density, porosity, strength, surface texture etc.
4. Questions of joining building components together change when the joints can be printed

as parts of the components themselves or disappear altogether when larger components
do not have to be assembled from smaller
parts any more at all.
5. Functionalities traditionally separated (i.e.
structure and ductwork for electricity and
various liquids) can be integrated into one
directly printed part.
6. On-site production through transportable
printers.
These ongoing and accelerating changes necessitate
their investigation especially for emerging practitioners who, we think, should not only be aware of current and future changes, but being able to act under the new and impossible to foresee future circumstances (Soar et al 2012).

Content of experimental design and research course with students of architecture
To face the developments sketched above, we initiated a program to investigate the developments and
their implications in an experimental design and re-
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Figure 1
Partial Print of full
scale coﬀe bar
prototype
optimized for
thinness and
translucency

search course with students of architecture.
We acquired a 3D printer that can print objects
in a printing space of 1 cubic meter. With a printing
space of that size, furniture objects become directly
printable, without the need for traditional joining of
parts.
In our project here, we focus on this issue of size.
We are developing a coﬀee bar that will be completely printed, testing how far the technology can
be pushed in terms of size of printed objects, their
material performance, ease or diﬃculty of generating
as well as printing a suitable geometry. (Figure 01)

and in one direction only, but that such a sequence
is gone through quickly and then repeated again and
again. Thus, feedback loops are established between
the diﬀerent ways of working, and new questions
opening up and problems occuring can directly be
turned into new design possibilities.
Furthermore, and, from our point of view, probably most importantly, the students learn and get
acquainted with a way of working that continually
seeks to explore possibilities instead of merely applying a ﬁxed set of learned skills.

Hardware
Project and course structure
The research project and design course is structured
as two strands of iterative steps which start out in parallel and merge mid-way:
On one hand, the printing technology is tried
out and tested through printing objects of everincreasing size and complexity, on the other hand,
a geometry desirable for a coﬀee bar is developed
through both analog and digital techniques, and
small scale prototypes are built in various materials with various techniques. Midway through the
project, both strands fuse: an overall geometry is decided upon, and furtheron developed an optimized
for both performance and printability.
Rather than sequentially, we proceed iteratively,
meaning that we do not follow a sequence of clearly
separated subsequent steps where research is followed by experiment followed by realization once

The recent acquisition (2016) of a BigRep ONE v3
printer with a construction space of 1 cubic meter
(1005 mm x1005 mm x1005 mm) allows our school of
architecture to investigate and test the above mentioned possibilities with students.
The application of additive manufacturing processes, such as fused deposition modeling (FDM - formerly copyrighted by Stratasys), equivalent to fused
ﬁlament fabrication (FFF - coined by the RepRap community), of the BigRep ONE v3, allows the materialization of objects within a resolution of 400 to 900 micrometers.
The structural properties of the produced objects do not have to be the same as the used source
ﬁlament material. Digital methods and thereby applied and processed geometries may enhance certain physical aspects within design and production of
objects.
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Material
The materials used for printing are specially modiﬁed thermoplastic ﬁlaments with a diameter of 3 mm
deposited on spools. With the use of thermoplastics comes a certain range of potential modiﬁcations
by introduction of functional composites. These are
still compatible to the printing nozzles of the BigRep
when printing parameters like speed, temperature,
ventilation etc. have been calibrated according to
the complexity of geometry to be printed.
The printing machine producer currently oﬀers
popular and bio-degradable polyactid acid (PLA)
which has been used for testing and calibration purposes.
Composite ﬁlaments with ingredients like wood
will be tested and calibrated in future projects. Also,
technical modiﬁcation of the printing nozzles and
bed for better calibrated printing results are thinkable. Finally, ﬁlaments can be produced in-house
with an additional extrusion machine for ﬁlaments
with new composite characteristics.

Constraints
Long printing times are quite cumbersome and can
only be reduced with a loss in printing resolution.
The accompanying loss of surface quality can be
equalized by additional post-processing such as surface ﬁlling, sanding and painting which deﬁne new
artistic qualities for exhibition purposes (Wenman
2017). New printer prototypes with an additional 3axis tilteable printing bed show that otherwise necessary printing and removing support structure in a
post-process can be omitted and hence speed up the
printing process overall (Gebhardt 2012).

Software
The software used for design modeling and production of architecture objects by the students are McNeel´s Rhino 3D with its graphic scripting interface
Grasshopper 3D and a state of the art slicing software
(Simplify 3D).
This supports a compact learning curve with fast
results for the initial stages of the student´s 3d modeling experience with new software in a school of architecture (Burry 2011).

Development of the coﬀee bar design and
geometry
The size of a usable coﬀee bar obviously exceeds
the printing space of 1 cubic meter. The decision in
favour of this and against directly usable objects like,
for example, chairs, has the following reasons:
1. precisely because of its size, we consider a a
coﬀee bar a more impressive demonstration
for the possibilities of 3D printing and therefore a more worthwhile object of investigation
2. because of the requirement to combine several parts onto one, something that will in the
foreseeable future always be a factor in building production, we can study the possibilities
for designing both parts and whole such for
simple joinability
3. actual need: our architecture school in fact requires a coﬀee bar, and therefore we judged
the students’ motivation much higher
We divide the geometry of the bar into two aspects:
the outer shape and the inner structure.
The ﬁrst ist deliberatly kept simple to ensure simple transport and storability.
The second is delibaretely complex to reduce
material, integrate support structure and storage
possibilities and optimize interlocking of parts for
stability.
The internal structure is based on the structure
of insect wings. We adopt this irregular lattice and
abstract it into a geometry of irregular polygons. For
this purpose, a Grasshopper deﬁnition is written and
employed (Figure 02).
Research in the Grasshopper Forum [3] led to the
application fo a Voronoi Structure. Inspired by the
works of digital artist Julien Leonard a 2D Grasshopper deﬁnition by Laurent Delrieu (extending Daniel
Piker’s Mesh Machine from the Grasshopper Add-On
Kangaroo) was used a basis for a 3D extension [4])
(Figure 03).
The resulting polygons are extruded into polyhedra
to construct a spatial object. (Figures 04, 05).
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Figure 2
Coﬀe bar derivation
from insect wing

Figure 3
Insect wing,
Grasshopper
Voronoi, Julien
Leonard Twitter
piece

Figure 4
Coﬀe Table 2D to
3D development
and ﬁrst test print
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Figure 5
Pattern extrusion
and printable
segments

Evaluation
The print of the ﬁrst large Coﬀee Bar Segment took
8 complete days (Figure 13). During this time, the
printed ﬁlament was exchanged twice. The result
is rather satisfactorily stable and transparent (Figure
14), though the stability could be improved. Further
segments may be printed with a higher thickness.
Several small problems occured during printing:
In the corners, the material occasionally started
to warp and therefore pull away from the printing
bed. The hyperbolic surfaces themselves occasionally started to twist slighty because the material did
not cool oﬀ quickly enough (Figure 15).

Figure 6
Further
Development of
Coﬀee Table
geometry

Future development
We will extend the research into several directions:

In order to accomodate diﬀerent experiences and
functionalities for the people who use the bar as visitors and those who operate it from the other side,
two diﬀerent sets of polygon patterns are joint into
polyhedra (Figure 06). To maximize stability and exploit the possibilities of 3D printing as opposed to
conventional production, the surfaces of the polyhedra are hyperbolic paraboloids (Figure 06)

1. Printing more complex geometries (Figure 16)
2. Further optimization for structural eﬃciency
and functional accomodation (Figure 17)
3. Various Object Sizes - either assembled from
several parts or singular
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Printing the Coﬀee Bar
We tested diﬀerent ﬁlament conﬁgurations in order
to obtain an object that is as transparent as possible.
We tested diﬀerent surface thicknesses to obtain
an optimal balance between stability and amount of
material used.
In order to print as thin as possible while maintaining stability, we customized the printing software.
(Figures 08-12)
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Figure 7
Workﬂow

Figure 8
Geometry in 3D
Modeller
(Rhinoceros) and
Slicing software
(Simplify 3D) to
estimate printing
eﬃciency

Figure 9
Test prints to test
ﬁlament stability
and transparency
and geometrical
stability
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Figure 10
Large scale print
tests and CAD
geometry variations

Figure 11
Large scale print
tests testing
structural stability

Figure 12
Large scale print
test testing
transparency and
structural stability
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Figure 13
8 Days of printing

Figure 14
First ﬁnished
complete segment

Figure 15
Printing Problems
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Figure 16
Future
development of
geometry

Figure 17
Future
development for
stability and
functionality
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