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Abstract

Active materials aim to transform the material itself into a mechanism, in this area the
nematic-to-isotropic transition of the liquid crystal elastomer is an interesting candidate to
create this material mechanism and this is due to the contraction/expansion experienced in
the nematic-isotropic transition experienced by this type of materials. To accomplish this,
it is necessary to set the director field of the nematic phase before crosslinking the elastomer
to encode a given structure or mechanism. In this area, there are interesting advances in
the forward design, this means if a director field is set, predicts the deformed configuration
of the structure of the material when it is driven to the isotropic phase(1), and the inverse
design of the director field, given a target shape in the isotropic state what it is the director
field in the nematic phase(2). In both cases, the director field is a scalar field that must be
imprinted in the material, usually in thin films. In this area exists different technologies, but
the most common are optical and mechanical alignment, the last one aligns the oligomers
or polymer chains by mechanical shearing, so to pattern the director field molds are used
but recently has been shown the possibility to get high levels of alignment by extruding the
material through a nozzle, this open the possibility to directly print the director field(3)(4),
this impose a challenge because the description of the director field is a continuum or discrete
scalar field of directions, this have to be translated to a discrete print path with a constant
or constrained width.
In this work we present the procedures for a given director field to find the proper discretiza-
tion of it to be able to print it, by constructing a stripe pattern from the director field with
a constant spacing given by the nozzle of the 3d printer, for this we use the procedural
phasor noise technique(5), and order the be able to print a printing path is extracted from
this stripe pattern. The 3D printing technique used is direct ink writing(6) implemented in
the laboratory with UV light source to crosslink the oligomers at the moment the material
leaves the printer nozzle, allowing to set the director field of the nematic phase in the direc-
tion of motion of the nozzle. This manufacturing tool allows us to experimentally study the
mechanical effect of creating different point defects or discontinuities in the director field,
yielding out-of-plane deformation with a characteristic Gaussian curvature. Also, we present
our implementation of the inverse design of shells following the works of Hillel et al.(2) but
setting the director field by 3D printing.
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López-Valdeolivas M, Liu D, Broer DJ, Sánchez-Somolinos C. 4D Printed Actuators with
Soft-Robotic Functions. Macromol Rapid Commun. 2018 Mar;39(5). doi: 10.1002/marc.201700710.
Epub 2017 Dec 6. PMID: 29210486.

Wang Z, Wang Z, Zheng Y, He Q, Wang Y, Cai S. Three-dimensional printing of functionally
graded liquid crystal elastomer. Sci Adv. 2020 Sep 25;6(39):eabc0034. doi: 10.1126/sci-
adv.abc0034. PMID: 32978149; PMCID: PMC7518867.
Tricard, T., Efremov, S., Zanni, C., Neyret, F., Mart́ınez, J., & Lefebvre, S. (2019). Proce-
dural phasor noise. ACM Transactions on Graphics (TOG), 38, 1 - 13.


