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work less

work everyone,

automate everything,
produce what is necessary,

redistribute everything.
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Automation

Human-Robot Collaboration
Automated workflow

Increase of productivity

Discrete design

Discrete architecture thinking
Reconfigurability

Mass customization

Circularity

Design-for-disassembly
Design for future reuse
Low-carbon biomaterial

Scalable production model for affordability
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Ivo Tedbury, Sembilr, 2017
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orthogonal beams

shape-specific beams

complex blocks
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1.5m
1.2m

possible volume addition

volume extraction

1.6x0.2x0.1m = 0.032m?
718.8kg/m?®

20m
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Shear resistance and assembly self-alignment features

| \‘\\“ [ !

— M i
AN 1
G ||
TN :‘ '3 |
U H“H

it g‘fii

\ \\ \

P P

& 5

Traditional bolted Finger joint
connection connection

Hansen et al., 2021

New connection
proposed in this study
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Bolts and nut design

Bolt Connection
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Connection assembly
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Connection fixation




The discrete element
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Combinatorial rules
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aggregation rules iterations

84 combinatorial rules
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Aggregations
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Generative design approach

Method 1
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Generative design approach
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Aggregation components

@ Horizontal aggregation
48x4.8x0.3m

@ Vertical aggregation
16x05x3.2m

Discrete element
1.6x0.2x0.1m

(3) Multi-axis aggregation
0.5x05x1.6m
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Occupation strategy




Occupation strategy
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Open-end building configurations

42



Community space
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Housing platform’s interface app for users

Cheng et al. (2020).

Hi Leonara,
How | can help you?

e

Subscription

|
N ‘.

L
Community

Conventional housing

$8$8844

$§ $A( $8844

$$S0% | $Saa

$$A | $888°4

Ownership by wealth

$888

———————

Housing platform
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Ownership by no. of users
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Housing platform’s interface app for users

Hi Leonara,
How | can help you?

Subscription

|
N ‘.

)

e Naln

Customization Community

(= )

Feedback

Cheng et al. (2020).

A
&

&

Recognize Humans as a variable element.

Adaptability through reconfiguration.

Changing ownership notion.

User-centric approach.
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Conventional housing Housing platform

Space ownership -

Building component

Material --------------------
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Design-to-build workflow

On-site HRC in the
structure assembly

(5) On-site HRC
for aggregation
preassembly

@ Disassembly for reuse and reconfiguration.

If needed, remanufacturing of the discrete elements

@ Off-site fabrication

@ On-site bolts
customization
workstation

@ Logistics and
transportation

@ On-site discrete

element storage

57



Robot awareness and human as assembly’s tolerance
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Off-site prefabrication
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Customization workstation

Augmented reality

Kunic et al.,, 2021b
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On-site HRC pre-assembling on the ground

Nordbo Mimic Kit

Universal
Robots, 2023
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On-site automated assembly workflow

@Honzontal g B e

components
assembly

Elements customization
workstatlons
: 1 N
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: \\\\\\ & N
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@ Discrete elements
pallets storage

Discrete elements pallets
arriving on trucks

62



i

On-site automated assembly workflow

@ Horizontal components

. , placement by crane
@ Vertical components ........................ .

local placement by
mobile robot and HRC

@ Temporary mobile
robots' vertical circulation

R 4‘t9-' "
x |+

&,
L TATAV ,‘l
AV

‘ Scanner robots feeding
the digital twin model

A
-

-

AN

"

RS\ A e
v

WA R A
RN PSS /<8

ry
;@

Horizontal

: components \%I
assembly
Elements customization
workstatlons
N \\\
: X
: \.\\\\\ &

2

S
TEMVFLE

L

@ Discrete elements
pallets storage

Discrete elements pallets
arriving on trucks
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Reconfiguration
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Automated workflow overview
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3 pieces

1.5

16 pieces

1:10

150 pieces
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1:1 Prototype

3 pieces

real connection
bolts in the right dimension

10cm

P/l



1:1 Prototype precision testing
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1:1 Prototype parts
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1:1 Prototype procedures
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1:10 Prototype
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Basalt Columns in Iceland (CarSiceland, n.d.).
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9 Prototype discrete element
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1:5 Prototype parts
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1:5 Prototype end effector design




1:5 Prototype experiment setup

Robot @

Discrete element
stack station

station

Assembly
structure
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1:5 Prototype experiment setup

Robot @

N

Discrete element

stack station
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1:5 Prototype movements

stack station

Elements @

s

.'::o::'.r'obot position -
e Bolts
station

Elements stack station . Stack approach arrival point

Bolts station .

Assembly structure station .

Discrete element pick-up point

Stack approach departure point

Element preparation approach arrival point
Element preparation place point

Element preparation approach departure point
1st bolt approach arrival point

1st bolt pick-up point

Ist bolt approach departure point

1st bolt placement approach arrival point

1st bolt placement point

1st bolt placement approach departure point

2nd bolt approach arrival point
2nd bolt pick-up point

2nd bolt approach departure point

@ Assembly structure .

2nd bolt placement approach arrival point
station

2nd bolt placement point
2nd bolt placement approach departure point
Element preparation approach arrival point

Element preparation pick-up point

Element preparation approach departure point

y44 Final placement approach arrival point

Customized transition point

yZ8 Final placement point
yZ'% Final placement approach departure point
@ Customized transition point
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Further developments

- Automated disassembly

- Topology optimization

- Aggregation rules from structural calculations
- Structural calculation

- Mechanical properties tests

- Self-alignment of the bolts in a 1:1 scale

- Tolerances improvements

- Robot sensing and awareness

- Real-time validation feedback

- Digital twin model platform

- Real-time structural analysis for reconfiguration
- Alternative assembly methods

- Robot design

- Insulation

- Financial impact

- 45 degrees connections

- Other lengths of elements
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