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Abstract: Nowadays, the additive manufacturing of multifunctional materials is booming. The fused
deposition modeling (FDM) process is widely used thanks to the exse with which multimaterial parts
can be printed. The main limitation of this process is the mechanical propertics of the parts obtained.
Mew cantinuous-fiber FDM printers significantly improve mechanical properties. Another limitation
i the repeatability of the process. This paper proposes to explore the feasibility of printing parts
i continuous carbon fiber and wsing this fiber as an indicator thanks to the electrical properties of
the carban fiber. The placement of the fiber in the part is based on the paths of 2 strain gauge. The
results show that the resistivity evolves linearly during the elastic period. The gauge factor (GF)
increasss when the number of passes in the manufacturing plane is low, but repeatability i impacted.
However, no cornelation is passible during the plastic deformation of the sample. For an equivalent
lenggth of carbon fiber, it is preferable to have a strategy of superimpasing layers of carbon fiber rather
than a single-plane strategy. The mechanical properties remain equivalent but the variation in the
electrical signal is greater when the layers are superimpesed.
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1. Introduction

Additive manufacturing (AM) enables the production of mechanical parts with com-
plex geometries in various sectors, such as automotive, robotics, aeronautics, and aerospace.
This technology enables the use of just the right material to fulfill the required functions.
This saves weight and raw materials while minimizing the assembly of multiple parts.
These advantages make it a very competitive alternative to other manufacturing processes
when it comes to small/medium production runs. This is one of the reasons why additive
technology is gaining ground in the industrial world, particularly in aerospace and sero-
nautics, with the aim of lightening aireraft and thus reducing the carbon footprint of flights.
AM is currently developing exponentially, with a growth rate of around 20,/ vear [1].

Fused depmitim mmieling (FDM) or fused filament fabrication (FFF) is a material
extrusion (ME) 3D printing method for polymers and fiber-reinforeed composites. This
iac:hmrlng_\r has been gi;gn.ilicanﬂ_\r Browing especiall_\r i the aerospace, automobile, and
medical industries. The main advantages of the FOM method are its reliability, low main-
tenance required, low investment cost, wide low-cost filament material avadlability, and
Agtribution, (OC BY) homse (mitpse/ (. cOSb-effectiveness, and it is highly customizable. Howeves, it is limited to low-melting-point
ervstvenmman g b by materials, and it 1 also a slow printing process. Single-serew extruders are usually used in
4041 mass-production applications where pure polymers are used as raw materials. There are
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Influence du chemin de la fibre sur les propriétés mecanique et électrique
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Abstract: Nowadays, the additive manufacturing of multifunctional materials is booming. The fused
deposition modeling (FDM) process is widely used thanks to the exse with which multimaterial parts
can be printed. The main limitation of this process is the mechanical propertics of the parts obtained.
Mew cantinuous-fiber FDM printers significantly improve mechanical properties. Another limitation
i the repeatability of the process. This paper proposes to explore the feasibility of printing parts
i continuous carbon fiber and wsing this fiber as an indicator thanks to the electrical properties of
the carban fiber. The placement of the fiber in the part is based on the paths of 2 strain gauge. The
results show that the resistivity evolves linearly during the elastic period. The gauge factor (GF)
increasss when the number of passes in the manufacturing plane is low, but repeatability i impacted.
ok fur However, no cornelation is passible during the plastic deformation of the sample. For an equivalent

lenggth of carbon fiber, it is preferable to have a strategy of superimpasing layers of carbon fiber rather
than a single-plane strategy. The mechanical properties remain equivalent but the variation in the
electrical signal is greater when the layers are superimpesed.
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Background.
The Fused Deposition Modeling (FDM)

for fiber

thermoplastic composites (CFRTCs) is based on
the extrusion of a continucus fiber to create three-
dimensional composite objects layer by layer
This technology explores three distinet methods
for reinforci ic p with
continuous fibers [1]. The first method, referred
o as “pre-impregnated filament”. The sccond
method involves the use of two separate nozzles.
The final method is known as coextrusion. The
goal of this paper is to compare two printers, one
using the dual nozzle and another cmploying
coextrusion.
Procedure
As part of our comparative study on 3D printing

we are i two FDM
printers, onc from the Markforged brand and the
second from Anisoprint brand. The first printer.
Mark Two of Markforged, is based on a dual-
nozele technology. It allows for the printing of
thermoplastic with ene nozzle and, on a scparate
head. the printing of the continuous fber using
another nozzle. A cut is used to shear the fiber
between cach layer. Its print bed measures 320
mm x 132 mm x 154 mm.

The scoond printer, the Anisoprint Composer A4
stands out for its coextrusion method. The fibers

References

of

p

are pre-imp with a cpoxy
polymer, creating a filament consisting of 1K
fibers. This filament is then directly impregnated
into the nozzle by a thermoplastic material, thus
forming the composite material that exits the
nozzle directly. The printer offers a printing
wvolume of 297 mm x 210 mm x 140 mm.

Five Geometrical Benchmark Test Artifacts
{GBTA), proposed by Spitacls ct al. [2] were
fabricated with cach printer to determune their
i and Due o
varying printer volumes, it was necessary to
adjust the dimensions of the GBTA for cach
prnter. Indeed. the GBTA's dimensions for the
Markforged are as follows: 121 mm x 121 mm x
2% mm, while the GBTA's dimensions for the
Anisoprint arc as follows: 170 nun x 170mm x 28
mm. Measurements are taken using a Coordinate
Measuring Machine (CMM) Wenzel LH 54. This
study  involved the cxamination of various
such as cylindricity.
perpendicularity, parallclism .
Key findings
The accuracy of the Z axis on the Anisoprint is
greater than that of the other two axes. Analysis
of Markforged's GBTA is currently in progress.
This will cnable us to compare the two
technologies for the full paper and to show the
impact of the technology on the accuracy of the
printer.
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Choix de la piece de démonstration

La piece du démonstrateur est une piece structurelle

» Multifonction a savoir mécanique et intelligent

» Utilisation de la technologie pour s’assurer de I'atterrissage

Etude de charges sur le train d’atterrissage

» Choix stratégique du placement de la fibre
Drop test

» Analyse du signal sur base d’essai
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