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Abstract

Some experiments were carried out to identify the Deposition

This poster deals our contribution to the development of a digital twin based on genetic a4 _
parameters of the Foam Additive Manufacturing distance (m)

algorithms that allows us to functionalize the walls of a 3D printed house by taking into The use of a digital twin also allows us to simulate various operations of the

second work with the aim of facilitating the installation of the second work

account the specificities of the geometry of the house and its orientation of implantations. In (FAM) process model. The process model ex- 0.10 | 0.15 | 0.20 o . : . . A
the innovative context of digital twins, models were created in order to better control and presses the height of the deposited layer as a func- ~ 0.050/ 0.071 0.068 0.064 (joinery, framework, green wall, window sill), such as the installation of joineries
improve the thermal performance of the house by starting from the insulating functionality tion of both the deposition speed, i.e., the spray- | S % 0,075 0.057| 0.056 0.045 by adding insulating material on certain points (positioning, support, window sill,
of the foam used for their manufacture with the constructive principle "Batiprint3D tm". The ing effector speed, and the deposition distance, |’z £ 0.100 0.043| 0.043 0.034 -..) according to the thicknesses of the walls of the simulated walls,

results obtained for the Yhnova dwelling, the first social housing manufactured using 3D i.e., the distance between the spraying nozzle and g @ 0.150] 0.036] 0.027 0.021 North

printing in Nantes in 2017, make it possible to consider enriching the proposed approach by the preceding layer. The latter one is the depo- |© & ~0.250 0.024| 0.018 0.013

sition speed, namely the spraying effector speed

taking into account non-geometric constraints in order to optimize the thickness of the : cly _ !
regarding the printing surface. Fifteen experi-

insulating parts of the manufactured walls. TABLE 1: Measured layer height (m)

ments were performed with deposition speed vary- gjngle straight line layers were de- West
ing from 0.05 m.s™*to 0.25 m.s™ and deposition posited using the CDPR on a flat sur-
Case study distance varying from 0.05m to 0.25 m. face (see Fig. 4). Table 1 gives the

measured height of the printed sam-

L . . . . les after solidification as a function of ‘
The Batiprint 3D™ technology [Furet, 2019] which consists of using an expanding foam 0. - . fhe deposition distance and speed. The B
formwork created by 3D printing can be related to formwork which are formwork elements 3 vi T identified discrete values obtainea af- South
made with tr".id'.t fonal techniques in the constrqctlon field. Using prmtgd .ICFS shows that S 0 \ ‘ ter this experiment were fitted with a FIGURE 6 : The different wall thicknesses depending on the layout of the house
the cost of printing the formwork for a house with a method such as Batiprint 3DTm would s li - del h )
5 " . o L 9 non-linear regression model as shown - - -

be 8% cheaper than through traditional wood construction methods and 31% cheaper than 7
traditional ICF construction [Keating, 2017]. This Batiprint 3D ™ technology was 5 o -
implemented in September 2017 to produce the first 95°m social housing titled YHNOVA 5 71\1 2
certified and printed in France in just 52h.In our case, the creation of a digital twin of the o £ 0- g
YHNOVA house, allows us to simulate the different scenarios of house implementations ° -
with different wall thicknesses depending on the geographical location without increasing 0 S
the construction costs. The use of a numerical twin allows us different possible 10
functionalizations of the walls, we can mention three main categories: The insulating power 0 15 » % ,
of the wall. Ease of installation of the second work and allow customization and | : 0 deposition - f T ~

ayer height (mm) distance (mm) FIGURE 4: Printed samples

architectural freedom.
FIGURE 3: Process identification
In conclusion, this paper details our contribution to the development of a digital twin
Dig ital Twin based on genetic algorithms that allows us to functionalize the walls of a 3D printed
house by taking into account the specificities of the geometry of the house and its
orientation of implantations. In the innovative context of digital twins, models were
created in order to better control and improve the thermal performance of the house by
starting from the insulating functionality of the foam used for their manufacture with the
constructive principle "Batiprint3D tm". The results obtained for the Yhnova house, the
first social housing manufactured using 3D printing in Nantes in 2017, allow us to
consider enriching the proposed approach by taking into account non-geometric

In our case, the creation of a digital twin of the YHNOVA house, allows to simulate the
different scenarios of implantation of the house with different thicknesses of walls
according to the geographical implantation without increasing the construction costs

’ mm"m /g Pl Sen“:x Virtual model constraints in order to optimize the thickness of the insulating parts of the manufactured
A \\\\\\lllm“ﬂ"m"" | el » oy walls according to the implementation of the house
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spraying nozzle the material used, which expands from thirty to forty
foam expansion  times its volume in a few seconds. As a result, this
~ foam leads to large volumes in a short time. Fur-
S%Fljgt%” (—)R printedpart  thermore, this material makes it possible to print the
) next layer on the previous one in a short period of
FIGURE 2: Spraying effector 46 que to quick solidification.
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