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The main focus of this module is the design 
development and fabrication of a contempo-
rary architectural research into spatial out-
come which can be constructed on the uni-
versity campus.

The students and teaching team will integrate 
on all phases of project development, from 
computational design, planning application, 
structural design through to digital fabrication 
and final assembly. The design process ideally 
will be based on both biological and structural 
principles that have been developed from the 
investigation of plant and geometry studies in 
the previous modules of previous semester.

Specific and careful attention will be based 
on physics, geometry, and finally the compu-
tational methods to understand both material 
behavior and its spatial outcomes on a given 
architectural condition. By looking at Robotic 
fabrication within its specific constraints and 
particulars such as hardware, software and 
finally the simulation, we will aim to apply all 
our early material behavior and computational 
research into architectural application which 
could be demonstrated on larger scale to ex-
plore and demonstrate spatial and technical 
concerns for future use.

The final project will be documented on a spe-
cific printed format. Students will prepare a 
booklet starting from the design process until 
fabrication. Many fabrication and computa-
tional errors or experiments will be recorded to 
demonstrate scientific approach produced on 
universal standards.

Objectives
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LOCATION
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 DATA COLLECT DIGITAL ANALYTICS MANUFACTURE



16



17

?YES NO

SIMULATION
RESULTS

MATH MODEL DATA 

SITE DATA INPUT

DESIGN DATA INPUT

STRUCTURE 

MATERIAL DATA INPUT GEOMETRIC VARIATION
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 DATA COLLECT DIGITAL ANALYTICS MANUFACTURE



20

Natural System
Information
Name: Padina Pavonica ‘Peacock’s Tail Algae’
Kingdom: Protista
Phyla: Heterokontophyta
Class: Phaeophyceae
Order: Dictyotales
Family: Dictyoptaceae
Genus: Padina
Species: P. pavonica(Linnaeus) Thiv
Location: North-east Atlantic European coast, 
South Atlantic, Indian and Pacific Oceans, and 
the Mediterranean.
Home: south coast of England and south coast 
of Ireland.

Habitat: pools on rocky shores of soft sub-
strate, shallow infra-littoral. 
Environment: clay, silt or sandy sediments.
Symmetry: Multiple rotations on a central point.

Features
Concave - almost funnel-shaped frond.
Frond thin with irregular lobed margin.
Upper surface has a thin layer of slime.
Lower surface banded with zones of brown 
and green.
Concentric lines of small fine hairs on lower 
surface
Dimensions: 22cm high X 37 cm wide.
Saddle surface blades size:12 cm, varying of 
size and symmetry.
Symmetry: Multiple rotations on a central point.
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3

3
Geometry study of a single 
piece of folding leaf of the algae 
plant

4
Geometry analysis of the con-
cave shape of the leaf.

1
Drawing depiction of the 
peacock tail algae in its 
habitat.

2
Proportion study of the al-
gae plant with its sizes.

4
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Left

Exponential evolution of 
the geometry to mimic the 
growth pattern of the pea-
cock tail algae.
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Minimal surface is a surface that locally mini-
mizes its area. It can be produced by dipping 
wire frame in soap water to create bubbles. 
The surface has the advantages of optimiz-
ing maximum strength with minimal amount of 
materials. In soap bubbles, this was achieved 
due to the surface tension excreted by mole-
cules inside the liquid solution.

The math concept of minimal surface theory 
has rapidly evolved recently. Many examples 
are constructed and altered. Minimal area 
property makes this surface suitable for appli-
cation in architecture. The surface minimizes 

surface tensions and Frei Otto brought this 
studies up to construction with tensile struc-
tures. 
To certain extend It could be argued that this 
type of architecture is an application of big 
data as the it is impossible to achieve without 
complex data collection and analysis. There 
are many different types of Minimal surfaces 
with different characteristics.

The project will focus on  Enneper surface  due 
to its symmetrical characteristic and similarity 
to Hyperbolic Paraboloid which was explored 
in a previous project. 

Mathematic formula is used to mimic the 
growth pattern of the peacock tail algae by 
generating input value exponentially. As the 
value increases, the reconstructed geometry 
will become more complex and larger in size. 

Geometry
Development
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Enneper Surface

Hyperbolic Paraboloid Henneberg

Helicoid Catenoid
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DATA GENERATION

DATA ORGANIZATION
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GEOMETRY FORMATION

X=a*(r*cos(t)-r³/3*cos(3*t)), 
Y=a*(r*sin(t)+r³/3*sin(3*t)),

Z=a*r²*cos(2*t)
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Surface Formation

Wire-frame top view, side view 
and front view of the generative 
Enneper surface.

1
Generate 186 points organized 
into 30 columns with 5 points 
each. 

2
Establish 5 rows of points 
accordingly. 

3
Loft point clusters into a surface.
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0.2
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Scenario 1 Normal
A1 0.4
State Self 

stand
Area/mm² 27,068

Scenario 2 Transit
A1 0.5513
State Self-

touch
Area/mm² 105,521

Scenario 3 Intersect
A1 0.5513
State Self-

intersect
Area/mm² 156,453

1

2

3
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Surface deformation

1
Surface self stand

2
Surface self touch

3
Surface self intersect.

4
Size chart front

5
Size chart top
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Real Life Example

Horse Saddle is a real life exam-
ple of the Enneper surface appli-
cation. 

Diagrams

The saddle point in enneper is a 
point on a curve surface that goes 
completely flat. It is located in the 
center of the geometry where all 
the slope line meets. As the slope 
conducts the load that distributed 
evenly through out the entire sur-
face, giving the saddle with opti-
mized strength.

1

2

1 2

Horse saddle Saddle point External load Load distribution
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1

2

1 2

Seam stitches Pulling fabrics Pre stressed ball

1

2

1 2

1

2

1 2

1

2
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Real life example

Tennis ball is another real 
life application of Enneper 
surface. The stitches on the 
ball Follows the outline of an 
Enneper surface.

Diagram

The ball is made of two flat 
pieces (1 and 2) of peanut 
shaped materials, which 
are stretched to form the 
spherical shape. Therefore 
the ball is in a per-stressed 
tension state with optimized 
strength.
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1-4
SLA 3D printed models from gen-
erative algorithm developed from 
Enneper surface.

3 4
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Principal stress directions are the normal stress 
components corresponding to the element ori-
entation in which the shear stress is zero and 
normal stresses are maximum. Having deter-
mined the principal stress directions for various 
points across a structural body, these vectors 
are projected, or integrated, as lines that form 
the principal stress lines.
Principal stress lines will indicate trajectories of 
internal forces and, therefore, idealized paths 
of material continuity, naturally encode the opti-
mal topology for any structure for a given set of 
boundary conditions. 

Karamba, an algorithmic program is used to 
conduct this study. The program is a big data 
analytics engine which will calculate mass 
amount of data in the physical load with pre-
set parameters. The findings and application of 
Karamba will be used for this project.

The optimization algorithm is developed on 
the basis of principle stress/strain theory.

Principal stress lines are numerical integration 
of principal stress directions over a structur-
al body. Designers are interested in principal 
stress lines because they provide a visualiza-
tion of the natural force flow of an applied load 
on the system, which shows the lines of de-
sirable material continuity for a given design 
domain.
Rotating the element, the state of stress will re-
main unchanged, but the stress components 
will correspond to the transformed orientation. 

Optimization
Theory
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Top 

Figure 1 to 3 as method evolution
1. Michell Cantilever
2. Ground structure
3. stress-line optimization

Left

1. Shear stress 
2. Bending stress iii: Mohr circle 
4. Reoriented stress direction 
5. Principal stress 
6. Plane reorientation

Next Page Top

1 and 2; set up vs result

Next Page Bottom
1 to 5 angle of deviation percent-
age

1

1

2

3

4

5

6

2 3
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Point Load

A: 45%

A: 41%

A: 30%

A: 22%

A: 11%

1

1 4

52
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NATURAL SYSTEM MATERIAL STUDY DIGITAL ANALYTICS

1

2 3
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2. Side view of digital 
model reconstruction with 
help of Karamba algo-
rithms. Blue and red lines 
indicate two stress direc-
tions.

3. Front view of digital 
model reconstruction with 
help of Karamba algo-
rithms. Blue and red lines 
indicate two stress direc-
tions.

Diagram Top Left

Logic process  from pre-
requisite project. Natural 
system take inspiration 
from plant analysis

Material study explora-
tion and development 
take inspiration from sci-
entific analysis.

1. Study of physical 
model.

DESIGN EXPLORATION
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1

3 4

2

NATURAL SYSTEM MATERIAL STUDY DIGITAL ANALYTICS
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2. 45° view of blue and 
green lines indicate two 
stress directions of load 
distribution.

3. Side view of blue and 
green lines indicate two 
stress directions of load 
distribution.

4. Isometric view of blue 
and green lines indicate 
two stress directions of 
load distribution.

Diagram Top Left

Logic process  from pre-
requisite project. 

Karamba stress analy-
sis with known forces to 
recreate condition of the 
physical model.

1. Plan view of blue and 
green lines indicate two 
stress directions of load 
distribution.

DESIGN EXPLORATION
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NATURAL SYSTEM MATERIAL STUDY DIGITAL ANALYTICS

1

2
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1. SLA 3D printed model 
of the prototype. The pro-
totype combines a series 
generated result geome-
try.

2. SLA 3D printed proto-
type of one standard unit 
of the geometric compo-
nent. This model has a 
larger scale.

Diagram Top Left

Logic process  from pre-
requisite project. The 
process is still on going 
and this is the work in 
progress result.  

Prototypes were devel-
oped to explore architec-
tural and application of 
the result.

DESIGN EXPLORATION
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Carbon fibers (alternatively CF, graphite fiber 
or graphite fiber) are fibers about 5–10 mi-
crometers in diameter and composed mostly 
of carbon atoms. Carbon fibers have sever-
al advantages including high stiffness, high 
tensile strength, low weight, high chemical 
resistance, high temperature tolerance and 
low thermal expansion. These properties have 
made carbon fiber very popular in aerospace, 
civil engineering, military, and motor-sports, 
along with other competition sports. However, 
they are relatively expensive when compared 
with similar fibers, such as glass fibers or plas-
tic fibers.

To explore the potential in architecture and 
construction, the research will look at conven-
tional fibers and sheets. To compare with tra-
ditional material such as wood and steel, car-
bon fiber has higher strength and ye retained 
lighter weight.

The research will also explore the use of digital 
design and robotic fabrication in conjunction 
with material research. The intention is to use 
the composite material in a smart way to reach 
an optimized outcome where the structural 
property is maximum and yet the cost and 
amount of material is at minimum.

Karamba Analytic program is used to carry 
out optimization study which will develop a 
suitable strategy that is unique for carbon 
fiber material.

Carbon Fiber
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A strand of carbon fiber 
consists of many individual  
carbon fiber.

B
Between each individual fi-
ber, it is commonly bonded 
together with small amount 
of chemical glue such as 
epoxy resin.

1
A sheet of carbon fiber com-
monly used industrially. a 
sheet consists of thousands 
of strands weaved together

2
a Microscopic view of the car-
bon fiber sheets.

3
a Microscopic view of a strand 
of carbon fiber at its end.
A

[ + ]

[ + ]

A

B

1
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Carbon Fiber Structure

1. To overcome the weakness of car-
bon fiber, stands are weaved per-
pendicular to each other to form a 
sheet.
2. Carbon fiber sheet perform well 
when under strain along Y direction.
3. Carbon fiber sheet perform well 
when under strain along X direction.
5. When put under strain diagonal-
ly, the carbon fiber sheet performed 
poorly. The fiber perform well when 
forces act along direction of fiber.

1
One Strand of carbon fiber con-
sists a branch of single fibers 
bonded with glue.

2
The fiber strand shows strength 
when under strain along the direc-
tion of fibers.
 
3
The strand falls apart when forc-
es were placed perpendicular of 
the direction of fibers due to weak 
strength of the glue .

1

Y

X

3 4

2
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KARAMBA INPUT

TESTING BLOCK MILLING SURFACE

1 2

3
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2
Milling process to acquire des-
ignated surface for testing
3
Karamba load input.

4
Karamba support input

5
Karamba stress line pattern 
output which will be followed 
by carbon fiber strands for op-
timal performance.

The Karamba algorithm will 
analyze a surface which will 
distribute load along the direc-
tion of stress lines. Hence, it is 
suitable for carbon fiber appli-
cation given its load direction 
sensitive characteristics

1
Input testing model of the 
block.

LOAD SUPPORT KARAMBA OUTPUT

4 5
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3
Carbon fiber primed with resin 
is laid according to Karamaba 
output 

4
top resin layer applied to finish 
of the panel.

5-6
jigs to check the geometry of 
bottom and top layer of resin 
to follow the curvature of the 
mould.

1
Base mould made of com-
posite heat resisting mate-
rial. Form work is added to 
close the mould.

2
First layer of resin applied 
and dried before laying 
carbon fiber. Resin is 
mixed with special bond-
ing agent to increase vis-
cosity.

[ + ]

[ + ]

5

6
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1 2 3

4 5 6

7 8 9

A B C
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1-9
Robotic milling sequence 
for producing the base mould.

A
Base mould with polished 
finishing.

B
Additional parts to complete 
the mould.

C
Special jig for checking the 
curvature of the resin application
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#Site Analysis #Design Method #Design Optimization #Structural Geometry   
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A
Site plan of University campus and 
surrounding.
1. Main University campuses.
2. Proposed site of open courtyard.
3. Elephant and Castle tube station.

B
Solar chart of proposed site for the 
exhibition. The gray area on the 
solar chart represents the sun path 
during the time of the proposed ex-
hibition. 

B
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4
North West site view, La-
dybug sunlight analysis 
showing exposure of sun 
radiation. 

5
Solar chart of ladybug 
showing radiation expo-
sure level.

6
Main section of the site 
and immediate surround-
ing. 

1
Site plan and location of 
the section.

2
Axonometric drawing of 
the proposed Technopark 
site.

3
North East site view, La-
dybug sunlight analysis 
showing exposure of sun 
radiation. 

Hours of Sunlight

>9.00

8.10

7.20

6.30

5.40

4.50

3.60

2.70

1.80

0.90

0.00<
2 3 4 5

6
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London Road

Ontario Street

1

3

2

A

B
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35m²

1. Gravels

3. Grass

2. Paved path

4. Pond

A
Site plan with street 
access of university.
1. Keyworth Centre
2. Perry Library
3. Sports Centre

B
Gate access to the site

C
Courtyard site plan

D
Courtyard condition

1

2
3

4

C

C
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Tree lines

Visual blind zone A

B
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Viewing limits

Visible zones
C

D

A
Tree lines blocks views 
from the building. 

B
Parts of the building with 
blocked view

C
Viable viewing angle to 
the courtyard.

D
Parts of building with 
retained view
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A
Site access plan.

B
Public entrance to site. 
Dimension of the pavilion 
will be affected.

C
Proposed pavilion site 
highlighted

D
The pavilion space will 
bring life to inner city 
green space.

Public accessible area

Door entry 

Access route 

London Road

O
nt

ar
io

 S
tre

et

A

B
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Public accessible area

Door entry 

Access route 

New circulation

C

D
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Human occupation

Pavilion footprint

Entry path

Type 1 Rectangular
Footprint 35sqm
Entry 2
Height 3m
Dimension 5x7m

A

B



89

A
Type 1 occupation.

B
Type1section people 
gathered on two end 
hindered access and 
blocked view.

C
Type 2 occupation

D
Type 2 section is chosen 
due to improved occupa-
tion, access and view.

Type 2 Circular

Footprint 35sqm
Entry 3
Height 3m

Dimension 3.34m radius

Human occupation

Pavilion footprint

Entry path

C

D
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A

B

C

1

1

1
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2. Cons: requires flimsy 
support for the roof  struc-
ture.

C
Hybrid function pavilion.
1.
Pro: rain and weather pro-
tection. 
Unimpeded access and 
views.
Stable ground connec-
tion. This type is chosen 
for maximum perfor-
mance.

A
1. Envelope function pa-
vilion.
2. Pro: Stable ground con-
nection
3. Con: no rain protec-
tion. Restricts access and 
views.

C
Shelter function pavilion.
1. Pro: rain and weather 
protection. 
Unimpeded access and 
views.

3

3

2

2

2
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Option 3 Params
R 2.2m
N 8

H 3m

Option 1 Params

R 2.2m

N 4
H 3m

Option 2 Params

R 2.2m
N 6
H 3m

A

B

D

R
N

H

R
N

H

R N

H
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B
Option 2 in comparison 
has moderate height, foot-
print area and moderate 
access.

C
Option 3 has moderate 
height, large footprint area 
high access entrances.

A-C
R: radius of support H: 
elevated height N: Num-
ber of anchor points in 
pairs, even number of 
points are needed.

A
Option 1 is small tall, 
footprint area limited, 
with limited access.

R
N

H

R
N

H

R N

H
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Scenario 1 type1

sym 2

low point 2
high point 2

A

2

1

3 2
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B
Enneper type 2
1. Type2 3d view
2. Type2 plan view
3. Type2 parameters

C
Enneper type 3
1. Type3 3d view
2. Type3 plan view
3. Type3 parameters

A-C
By adding the variable 
sym( symmetry factor) 
to the formula, different 
types of Enneper surface 
are generated. The sym 
factor controls the num-
ber of symmetry present-
ed in the geometry.

A
Enneper type 1
1. Type1 3d view
2. Type1 plan view
3. Type1 parameters

Scenario 2 type2
sym 3
low point 3
high point 3

Scenario 3 type3
sym 4
low point 4
high point 4

B C

1

3 2

1

3
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Option 1 Params

Footprint 25sqm

Entry no. 2
Height 4.3m

0.0m

1.0m

2.0m

3.0m

4.0m

4.0m 6.3m

3.5m

4.3m

2 2

1

3

A
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good number of access 
entry.
C
Option 3 has moderate 
height, but its footprint 
area too large and too 
many access entry.

Option 2 is chosen due to 
good access point, mod-
erate height and foot print.

A-C
1. section
2. plan
3. parameter

A
Option 1 is too tall, foot-
print area limited, less 
stability.

B
Option 2 has moderate 
height, footprint area and 

Option 3 Params
Footprint 52sqm

Entry no. 4
Height 3.6m

7.9m

Option 2 Params

Footprint 35sqm
Entry no. 3
Height 3.5m

3.6m

2

1 1

3 3

B C
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x 

-x 

x 

-x 

x 

-x 

1

1

1
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A-C
Bounding box manipulation 
to adjust height for site re-
quirement.
2. curvature blue is max 
green is min

A
1. x=0, -x=0, area: 74m²

B
1. x=2, -x=0, area:44m²

C
1. x=-2, -x=1, area: 66m

2 A

2 B

2 C
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Option 1 Params
Footprint 6.9m²
Type Tapered
Surface Area 18.9m²

1.8m

0.0m 1.0m 2.0m 3.0m 4.0m

B1 2 1

0.0m

1.0m

2.0m

3.0m

0.0m 1.0m
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D
Top view and Parameter 
for option 3. Has large 
surface area.

Decision: option 1 is cho-
sen due to smallest sur-
face area due to budget 
and manufacturing con-
cerns.

A
Sections of 3 options

B
Top view and Parameter 
for option 1. Has smallest 
surface area.

C
Top view and Parameter 
for option 2. Has medium 
surface area.

1.8m

2.0m 3.0m 4.0m 0.0m 1.0m 2.0m 3.0m 4.0m

Option 3 Params
Footprint 7.9m²
Type Standard
Surface Area 22.3m²

1.8m

Option 2 Params
Footprint 7.2m²
Type Expended
Surface Area 20m²

a

C D2 1 2
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1
Offset edge occurred when ap-
proaching to the center of the mod-
el. This was caused by uneven dis-
tribution of surface tension when 
the resin is solidifying.

2 
Bottom view: cracks are distributed 
unevenly, caused by uneven form 
of the model.

2

[ + ]
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A
1

B 1
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A
Original symmetry lines 
divide geometry into 3 
identical wedges. The 
surface tension is evenly 
distributed.
1. Bounding box manip-
ulation follows quad sym-
metry.
2. Enneper surface fol-
lows 120 degree triangu-
lar symmetry.

B
Modified  geometry is dis-
torted. The surface can 
no longer be rebuild by 3 
equal parts.
1. Bounding box broke 
symmetry in the Enneper 
surface.

2.The distortion caused 
3d printed model to crack 
due to unevenness.
Hence, bounding box 
need to be adjusted.

2

2
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D E

A
Extract total height from bounding box.  Extract 3 axis

B
Construct equal side triangles from axis as reference.

C
Known Coordinates from bounding box for triangular ge-
ometry below:

B1(x1, y1) B2(x2, y1) T1(x1, y2) T2(x2, y2)

D
Triangulate new coordinates following triangular symmetry 
according to trigonometry as below: 
Value C is the changing factor

b1(x1+C, y1+(C*tan30))
b2(x2-C, y1+(C*tan30))

t1(x1+C, y2-{y2-y1-C*tan30°-[(x1+C)-(x2-C)]*tan30°})
t2(x2-C, y2-{y2-y1-C*tan30°-[(x1+C)-(x2-C)]*tan30°})

E
Apply new Bounding box to Enneper surface for final results
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A

1 2 3 4 
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4 

D
i to v: Time line of potential 
moment of deflection un-
der gravity load.

Scan and solve settings:
Material: glass fiber
Load: gravity load
Constraint: legs

Karamba is developed 
base on EFA.

A
Final Nurb Surface with 
uv points converted to a 
mesh.

B
Mesh relaxation to re-
build mesh and reduce 
interference from uv 
points.

C
Finite Element Analy-
sis by Scan and Solve 
showing surface total 
displacement level.

Max. deflectionMin. deflection

B

C

D

5
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Structural analysis

Interpolation and trac-
ing

Rationalizing

P
R
O
C
E
S
S
S
I
N
G

Principal stress directions are the normal stress 
components corresponding to the element orienta-

tion in which the shear stress is zero and normal 
stresses are maximum. Having determined the 

principal stress directions for various points across 
a structural body, these vectors are projected, or 
integrated, as lines that form the principal stress 

lines.

Above is basic psuedo code providing a basic 
format for processing stress lines in a given surface.

Parallel domain 
specification

Initial surface meshing

Seeding Stating the suppot 
location and type of 
supports

Defining the type of 
structure

Stating the force loca-
tion and the type of 
force
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Parallel domain 
specification

Initial surface meshing

Seeding Stating the suppot 
location and type of 
supports

Defining the type of 
structure

Stating the force loca-
tion and the type of 
force
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Structural analysis

Interpolation and trac-
ing

Rationalizing

P
R
O
C
E
S
S
S
I
N
G

Principal stress directions are the normal stress 
components corresponding to the element orienta-

tion in which the shear stress is zero and normal 
stresses are maximum. Having determined the 

principal stress directions for various points across 
a structural body, these vectors are projected, or 
integrated, as lines that form the principal stress 

lines.

Above is basic psuedo code providing a basic 
format for processing stress lines in a given surface.

Structural analysis

Interpolation and trac-
ing

Rationalizing

P
R
O
C
E
S
S
S
I
N
G

Principal stress directions are the normal stress 
components corresponding to the element orienta-

tion in which the shear stress is zero and normal 
stresses are maximum. Having determined the 

principal stress directions for various points across 
a structural body, these vectors are projected, or 
integrated, as lines that form the principal stress 

lines.

Above is basic psuedo code providing a basic 
format for processing stress lines in a given surface.

A

1 2 3

B

1 2 3

C

1 2 3
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A-C
Karamba algorithm gen-
eration process.

A
Initiation
1. Parallel domain speci-
fication.
2. Initial surface meshing.
3. Seeding.

B
Generation
1. Defining the type of 
structure.

2. Stating the force loca-
tion and the type of force.
3. Stating the support 
location and type of sup-
ports.

C 
Processing
1. Structural analysis.
2. Interpolation and trac-
ing.
3. Rationalizing.
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Stress Line Iteration

Karamba algorithm 
generation creates options 
for various outcome for 
different circumstances.
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Setting Force flow

Constraint Ground support

Force Gravity load
A

Setting Principle stress

Constraint Ground support

Force Gravity load
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90degrees. In a cantilever 
they either run parallel or 
at right angle to the free 
boundaries.

C
Principle moment (PM) 
works like the Principal 
Stress Lines component 
Instead of principal stress 
lines it returns principal 
moment lines.

A
Inspired by fluid dynam-
ics, force flow (FF) lines 
or load paths illustrate 
the load distribution in 
structures. 

B
Principal stress (PS) lines 
are tangent to the prin-
cipal stress directions. 
Principal and second 
principal stress lines in-
tersect at 

Setting Principle
Moment

Constraint Ground support

Force Gravity load

Setting Principle stress

Constraint Ground support

Force Gravity load
B C



118

A

Programme Millipede

Constraint Ground support

Force Gravity load
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B 
Karamba generates result 
based on points assigned 
to the testing geometry. 
This method is consid-
ered to be questionable 
because the pavilion can’t 
be in point contact with 
the ground. 

Therefore, the output from 
Millipedes is chosen for 
further development. 

A
Millipedes software is sim-
ilar to Karamba. The dif-
ference is that Millipedes  
requires input such as 
ground and testing ge-
ometry so the program 
can generate  simulation 
based on ground inter-
section instead of manu-
ally assigning forces to the 
testing geometry.

B

Programme Karamba

Constraint Ground support points

Force Gravity load
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1

2 3
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4-5
Bottom view comparison 
model showing before 
and after stress line opti-
mization. 

6-7
Side view comparison 
model showing before 
and after stress line op-
timization. Stress line 
surface has shown im-
provement via this testing 
method.

1
3D printed Surface remod-
eled with stress-line to op-
timize its strength

2-3
Comparison model show-
ing before and after stress 
line optimization. Color 
gradient showing stress 
distribution,red is maxi-
mum and vice-versa. 

4 5

6

7
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Carbon fiber + resin mix

Pro:
Weight reduction
Strength increases
Load distributed evenly
Overall increased performance

Con:
Price increases
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Generic reinforced concrete 
mix

Pro:
Mass and volumetric
Economical

Con:
Heavy weight
Inferior load distribution
Lower strength
Low strength to weight ratio
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FAB
RIC

ATE
#Production Simulation #Rapid Prototyping #Scaled Modeling   
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1

2

3

4 5
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1
Extract one panel of the pa-
vilion for mould production.

2
Split the panel and produce 
the mould in 2 halves.

3
Optimize the mould to save 
Sikablock® heat resisting 
material due to cost.6

4
Repeat the process and 
produce two moulds with 
robotic milling

5
Robotic milling process.

6
Acquire two moulds.

[ + ]
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1 2

1 2

5 6
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A
1. Dimension 1500x500x100mm
2. 20 blocks each with dimension 
750x50x100mm 
3. Material infos

B
1. Position the petal and establish 
bounding box
2. Populate bounding box with 
750x50x100mm blocks

3. Remove top extra.
4. Remove bottom extra.
5. Finalized 65 blocks
6. Fill in jigs for support
7. Divide mould into two pieces

Material supply Sikablock® M700

Number of sheets 4
Volume 150 cm3
Weight 150 kg 

Characteristic Heat & corrosive resistant

A

B

3

43

7
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4. Type4: 
375 x 100 x50mm
5. Type5: 
375 x 150 x 100mm
6. Type6: 
375 x 100 x 100mm

A
1. Optimization is need-
ed before producing final 
mould.
2. Final mould configuration.
3. Final material billet for 
cutting takes 3 and a quar-
ter sheets.

B
Optimization
1. Type1: 500x 375 x100mm 
2. Type2: 375 x 250 x100mm
3. Type3: 375 x 200 x100mm

Number of pieces 65 blocks

Number of times to cut 64 cuts
Number of times to glue 32 times
Amount of glue available 2kg
Chances of error High

Number of pieces 32 blocks

Number of times to cut 31 cuts
Number of times to glue 31 times
Amount of glue available 2kg
Chances of error Low

A

1 2

3
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B

1 2

34

5 6
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1 2

4 5

7 8

10 11
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1-12
Block assembling sequence of 
the mould. Special resin bind-
er is used to join the blocks. 
When dried, blocks and binders 
achieved uniformed structural 
and physical integrity due to their 
similar chemical composition.

3

6

9

12
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EXPANDING GLUE 

SURFACE PATCHING

EXTERNAL CLAMPING
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VENTILATION

FIRE PREVENTION

DRYING TIME CONTROL
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[ + ]
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1

2

3

4

5

1.
Robotic milling to carve out patterns designed in 3d 
model.

2.
Apply special wax as releasing agent to the newly carved 
mould.

3.
Apply premixed resin over the waxed mould surface, 
wait for resin to dry. Then use robot to mill out pattern on 
top of the dried resin.

4.
Apply carbon fiber strips according to the pattern milling 
on the resin surface.

5.
Apply premixed resin on top of carbon fiber strips as well 
as the surface below. Wait for resin to dry before releas-
ing from the mould.
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INCEPTION

1

ROUGHING ONE

ROUGHING TWO

3

2 4
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5

EDGE ROUGHING

EDGE REFINEMENT

SURFACE SMOOTHING

6
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01 Robot take spindle.
02 Take tool.
03 Check tool.
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01 Robot take spindle.
02 Take tool.
03 Check tool.
//

01

02

03
1     2        3           4              5                 6
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1 to 6
Automated preset sequence for tool measuring and tool 
changing sequence accordingly to various toolpaths 
from roughing to surface 3D finish.
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1 2

5 6

9 10
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6

1 to 12
Block milling process through 
different stage of roughing and 
refinement. 5 axis robotic build-
ing gives it the ability to mill the 
surface while following curvature 
of designed surface via uv lines, 
achieving smooth finish.

3

7

11

4

8

12
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ROBOT POWER SUPPLY
AIR SUPPLY

T3 AUTO MODE

WATER COOLING SUPPLY
ROOM ENCLOSURE
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CYLINDRICAL BIT

COLLISION CHECK

1                                               10

PLUNGING SPEED

TOOL SPEED
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Hiteco designs and manufactures high-tech machine components for machining 
wood, light alloys, plastic and composite materials.

Our team of specialists have a thirty-year experience through direct contact with ma-
chine builders and end users of machines equipped with Hiteco components.
To listen to our customers, analyze and summarize their needs, implement solutions 
through a careful and detailed planning and turn them into reliable products, is the 
imperative that drives our engineers to guarantee the optimum performance.

The control of every detail before installation, the obsessive attention of the assembly 
carried out by specialists with scientific monitoring methods for the different phases 
of production, the long and accurate tests on finished products are the insurance of 
consistent quality and durability.

www.hiteco.net
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QD Robotics, founded in Italy in 2003, aims at becoming leader in developing and 
delivering advanced robotic solutions for the processing and finishing of different ma-
terials, ranging from stone to composites, from wood to metals. Up to now, thanks to 
our innovation culture, to our software development division and our R&D department, 
we have proudly installed over 100 systems all over the world. A wide range of solu-
tions designed for artists, artisans, design companies, research centres, educational 
organizations and the large industry

www.qdrobotics.com
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