Flexible 3D Printed Molds for Educational Use.
Digital Fabrication of 3D Typography

https://doi.org/10.3991/ijoe.v15i13.11155

Alejandro Bonnet de Leodn, Jose Luis Saorin, Jorge de la Torre-Cantero,
Cecile Meier ®9, Maria Cabrera-Pardo
University of La Laguna, Tenerife, Spain
cemeier@ull.edu.es

Abstract—One of the drawbacks of using 3D printers in educational envi-
ronments is that the creation time of each piece is high and therefore it is diffi-
cult to manufacture at least one piece for each student. This aspect is important
so that each student can feel part of the manufacturing process. To achieve this,
3D printers can be used, not to make pieces, but to make the molds that students
use to create replicas. On the other hand, for a mold to be used to make several
pieces, it is convenient to make it with flexible material. However, most used
material for 3D printers (PLA) is very rigid. To solve this problem, this article
designs a methodology that allows the use of low-cost 3D printers (most com-
mon in school environments) with flexible material so that each mold can be
used to manufacture parts for several students. To print flexible material with
low-cost printers, it is necessary to adapt the machine and the print parameters
to work properly. This article analyzes the changes to be made with a low cost
3D printer and validates the use of molds in school environments. A pilot test
has been carried out with 8 students of the subject of Typography, in the School
of Art and Superior of Design of Tenerife. During the activity, the students car-
ried out the process of designing a typography and creating digital molds for 3D
printing with flexible material. The designs were made using free 3D modeling
programs and low-cost technologies.
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1 Introduction

3D printing is being used in many school environments, however printing times are
slow, making it difficult to manufacture parts for each student in a class, and therefore
can generate frustration [1]. A previous research has shown that in a traditional class-
room it is possible for each participant to produce their three-dimensional portrait
with digital cutting manufacturing techniques in three hours. However, it would take
six hours to print each of the pieces in 3D [2]. In addition, it is important that each
student is able to participate in the manufacturing process [3, 4] and take home at least
one piece made in the classroom. To involve students, digital manufacturing technol-
ogies such as cutting machines or printers can be used to make molds of the parts,
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which allows several replicas of the same model to be obtained. There is a long histo-
ry of using low-cost 3D printers in educational environments to make parts [5, 6], but
it is rare to find literature on the use of 3D printers in education to print molds. In
order for a mold to be used to make multiple parts, it is best to be made of flexible
material. However, the filament used by most 3D printers in education is rigid. This
article describes the process that allows to print using flexible material in low-cost 3D
printers, and thus make flexible molds that can make several reproductions.

In the industry today, digital modeling and manufacturing technologies (digital
modeling and creation programs, milling machines, laser cutting, 3D printers, etc.) are
widely used in the manufacture of models and molds [7, 8, 9]. Computerized process-
es save time, improve detail and accuracy, although they require machinery that can
be more expensive. One of the digital manufacturing technologies that has been
booming in recent years is 3D printing [10, 11]. There are many types of 3D printers,
from industrial printers to low-cost printers designed for individual and educational
use. Low-cost printers are designed to print on rigid material such as ABS (acryloni-
trile butadiene styrene) or PLA (lactic polyacid). There is the possibility of printing on
flexible materials, but to ensure proper operation with this material must make ad-
justments in the machine (speed, temperature, height of layers, etc.).

Several types of flexible filaments can be found [12], but in this work we are going
to use one of them called filaflex. Filaflex is a thermoplastic elastomer (TPE) based
on polyurethane and certain additives to make it printable in a 3D printer. Usually 3D
printers work with rigid materials such as PLA. There are several studies on moulds
created using low-cost 3D printers for the manufacture of plastic injection parts [10,
11, 13, 14], they conclude that 3D printed molds, using rigid materials, are a good tool
for creating prototypes of the parts to be studied or tested in a fast, efficient and eco-
nomically more viable way, being able to adapt the digital 3D design later to make
definitive molds. In previous studies the flexible filament has been used, as for exam-
ple Filaflex, to print unions of the phalanges of the fingers of a prosthetic hand [15], it
is used to create orthopedic insoles [16, 17]. To create textile products [18, 19, 20] or
for practice mannequins [21]. It has also recently been used to create flexible molds in
the design of custom prostheses for neurosurgery [22] and for the reconstruction of an
ancient anatomical model [23].

In school environments, molds are usually made in the fields of artistic education,
design, restoration, sculpture, engineering, architecture, etc. at both, pre-university
and higher levels [24, 25, 26, 27, 28]. The use of traditional materials implies the use
of specific classrooms prepared for working with clay, plaster, resin or silicone. The
introduction of digital manufacturing technologies such as 3D printing in this educa-
tional process allows the creation of molds in classrooms that do not necessarily re-
quire specific spaces to work with these materials, and can also save time and expens-
es. It is important to bear in mind that in school environments, especially pre-
university, available 3D printers are usually low cost. In order to be able to create
flexible molds, i.e. print with flexible Filaflex type material, it is necessary to adapt
the machine and the printing parameters.

Although it is necessary to have a 3D printer and adapt it, in this work it has been
decided to incorporate digital manufacturing in the classroom to make the molds and
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to promote digital competence [29, 30, 31]. In addition, making molds using tradi-
tional tools, such as modelling a piece in clay, making a silicone mold and reproduc-
ing letters using resin would take more time due to manual work and drying of mate-
rials, would be more expensive in terms of material expenditure and specific class-
rooms as well as additional disposable resources are needed to create formwork,
gloves, containers or mixing tools [32, 33, 32].

In this article, on the one hand, we have analyzed the changes to be made with a
low-cost printer (Legio3D) to be able to print with flexible materials and on the other
hand, a pilot test has been carried out with 8 students of Typography, in the Higher
Education of Graphic Design of the School of Art and Higher Education of Design of
Tenerife to validate the use of 3D printed molds in educational environments. This
subject has a part dedicated to experimental typography, where it makes sense to
incorporate three-dimensional creation and work with molds. In the process, the stu-
dents selected the local expression "Chos" as the starting point for creating 3D typog-
raphies using flexible 3D printed molds.

2 Materials and Methods

2.1  Adaptation of a low-cost printer for the creation of moulds with Filaflex

Low-cost FDM (Fused Deposition Modeling) printers often operate in a similar
manner. Generally, gears and wheels push the filament yarn towards the extruder
(hotend), which ends in a calibrated tip that melts the plastic and deposits it layer by
layer to create the final part [34]. This operation is suitable for all types of filaments,
except flexible filaments [18], because when a flexible thread is pushed, it bends and
often obstructs the machine.

To avoid this, the extrusion part must be replaced. It is also necessary to adjust the
filament pressure thread and increase the distance between the extruder and the extru-
sion platform. It is also required to take into account print speed and fill speed param-
eters among others [35]. The study carried out to enable the creation of flexible molds
printed on Filaflex by means of a low-cost printer is detailed below. This printer is the
Legio3D (549,00€) of the spanish brand Leon3D.

In this case, in order to be able to print with flexible filaments, an update of the ex-
trusion part has been downloaded from the manufacturer's page, which avoids the
blockages of this type of filaments. The digital file of this part can be downloaded in
STL format from Leon3D's own page in the updates section (https:/www.leon-
3dAes/actualizaciones—legio/).

This adaptation will have to be printed in 3D with PLA and will replace the part
that is distributed with the factory printer. The design of this part presents a channel
for the tightest filament that allows the material to be guided in a more efficient way,
preventing the flexible filaments from overflowing from the extruder (fig 1).
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Fig. 1. a) Original part that comes from the factory with the printer to print PLA b) Parts print-
ed with white PLA for adapting flexible filament printing

Another adaptation to take into account for printing with flexible filaments is the
pressure exerted on the filament. To avoid clogging, it is necessary to leave the pres-
sure thread completely free and insert the filament manually until it begins to extrude.
After this, it is convenient to adjust the thread until you notice a minimum pressure on
the filament. Although for rigid filaments, it is advisable to tighten firmly, flexible
filaments require less pressure.

It is advisable to adjust the height of the extruder with respect to the printing plat-
form, because while printing with materials such as PLA requires a closer proximity,
in the case of flexible filaments need more space between the extrusion nozzle and the
printing platform. This distance should therefore be calibrated using the printer's own
adjustment tools. Approximately 3 sheets of 80gr. can be used as thickness between
the extrusion platform and the extruder. Compared to leaving a distance of one sheet
when it comes to printing on rigid materials such as PLA.

The free software used to make the three-dimensional prints was Ultimaker Cura.
This program has a multitude of printing profiles according to the desired quality and
the type of material used. These profiles also can be edited using different parameters
to adjust the print to the specific needs of the material and the model to be printed.
Different tests have been carried out in order to achieve homogeneous impressions,
taking into account the main function of these impressions, which is to be used as
flexible moulds. For this reason, the prints were made to a good quality, assigning a
layer height value of 0.1 mm.

From these tests, different parameters were varied and adjusted to achieve optimum
print quality in the shortest possible time. It should be noted that, in general, the print
speed and the speed at which the filling with the flexible filament is constructed must
be lower than that used with PLA filaments, increasing the printing time, as shown in
the table below:

iJOE - Vol. 15, No. 13,2019 7



Table 1. Comparison of printing parameters between PLA material and Filaflex using Ulti-

maker Cura

Parameters PLA filament Flexible filament
Size of the object to be printed 55x45x 15cm 55x45x 15 cm
Print speed 60 mm/s 25 mm/s
Infill speed 60mm/s 25 mm/s
[Travel speed 120 mm/s 130 mm/s
Printing time 2 h 14 min 4h17 min
\Worn filament weight 14 gr 20 gr
Price of the filament 0,28 € 0,80 €

In addition to varying print parameters, flexible filaments require not less than 20%
infill for small parts and around 30% infill for larger parts, compared to 10% com-
monly used for PLA printed parts. Furthermore, as the size of the printed molds in-
creases, the thickness of the top layers must be increased to obtain a homogeneous
surface without holes. In figure 2 you can see the appearance of holes by increasing
the size of the piece and its solution by increasing the infill from 20% to 30% and the
top layer from 0.8 mm to 1 mm.

Fig. 2. Appearance of holes when increasing the size of the piece and its solution by increasing
the filling from 20% to 30% and the top layer from 0.8 to 1 mm.

The creation of flexible molds with the indicated specifications are suitable for ro-
bust pieces, however the creation of molds for more fragile or narrow pieces such as
fine typographies need a greater flexibility of the mold. The printing parameters and
the design of the moulds have been adapted to facilitate the demoulding of more frag-
ile pieces, reducing the relative rigidity of the mold as well as reducing printing times.
For this purpose, the density of the internal filling of the mold was reduced, using the
five-step infill option. It means that the filling of the mould is carried out with a min-
imum infill in most of the piece, dividing the upper part in five different steps, each
one more dense, making the layers with more filling until reaching the chosen filling
density in the programme settings (30%) as it reaches the highest point, where it final-
ly closes the piece with layers higher than 100% of a millimetre thick in total (fig 3a).

This modification in the parameters of the print fill that creates a progressive fill,
existing in the Ultimaker Cura program, allows a print with more empty space inside
the mold favoring its flexibility. In addition, it reduces printing times and saves mate-
rial. On the other hand, the shape of the mould was modified, cutting the excess walls
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to the minimum possible (fig. 3b). This step was carried out in the free program
Meshmixer with plane cutting tools and subtraction Boolean operations, cutting the
silhouette around the letter, leaving the walls of 3-10 millimeters approximately, im-
proving the flexibility of the mold.

a) b)

Fig. 3. a) Cura Ultimaker program cutout: Density of the mold interior fill, using the five-step
fill option. b) Square and modified mold with the trimming of the walls around the sil-
houette to 3-10 millimeters.

2.2 Case study: Flexible molds to create 3D fonts in the classroom

A pilot test has been carried out on a typography subject in order to introduce flex-
ible molds in educational environments, obtain a first assessment by the participants
and check the viability of the activity in the classroom. The pilot test was carried out
with 8 students in the subject of Typography and Communication, which is taught in
the Higher Artistic Teaching of Design, offered at the Fernando Estévez School of
Art. Once the changes to be made to the 3D printer have been determined and the
printing parameters have been adjusted, the aim is to validate the use of the molds in
educational environments. It is also intended that, by using molds, all participants can
be part of the manufacturing process and take the four letters of the word “Chos” at
the end of the activity. It took two days of class, a total of four hours to make all the
reproductions, once the molds were printed. The time needed to print the entire word
in 3D would be approximately 190 minutes, a total of 25 hours and 20 minutes if you
want to print the full word for each of the 8 students, compared to 9 hours and 25
minutes needed to print the four molds.

2.3  Description of the activity

The incorporation of digital manufacturing, in this case the creation of flexible
moulds, in the classroom makes sense in the subject of typography, because it has a
part dedicated to experimental typography. Although it is necessary to have a 3D
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printer and adapt it, in this work it has been decided to incorporate the digital creation
of molds in the classroom to promote digital competence and digital manufacturing. It
was also feasible to carry out the activity using 3D printing as it saves time and costs
in the execution of the molds and does not require specific classrooms.

The software and hardware used for the activity, from the design of the typography
to obtaining a 3D reproduction, was developed in the typography course over ten
sessions of two hours each. The participants begin with the design of the typography
in sketch mode with paper and pencil. Then the entire alphabet is created following a
homogeneous design. At the end it is transferred to millimetric paper to obtain a more
exact drawing. This drawing is then digitized with an Illustrator-type vector drawing
program. The professional font editor FontLab (fig. 4a) is used to convert the letters
into a usable font. Finally, we work with the online application Lithophane, a web
application that transforms a black and white photo into a three-dimensional mold in
the format ".STL" printable by any 3D printer (fig. 4b). This allows us to transform
one of the designed letters into a mold without the need for 3D modelling knowledge.
But the letter must be inverted horizontally in order to make the mold. Finally, the
free program Meshmixer was used to trim the edges and make the mould more flexi-
ble as well as saving time and printing material.

- l -
-l

Eeveaoeors

b)

Fig. 4. a) Hand sketching process, transfer to millimetre paper, digitisation with the vector
drawing program Illustrator and font creation with FontLab. b) Transforming a black
and white sketch into a 3D mould using the online program Litophane.

For the 3D printing of the model, the free Ultimaker Cura program is used, in
which the printing parameters are entered. The low-cost printer "Legio3D" and flexi-
ble filament of the Filaflex brand are used to manufacture the molds. In this case, the
molds were printed with the specific characteristics for molds, according to the re-
search carried out in the first phase.

Finally, the molds were used to create 3D pieces of the typefaces designed with the
Acrylic resin Jesmonite AC300-AC100 (fig. 5). It is an acrylic composite material
supplied in two parts, a powder and a liquid. Due to its solvent-free formulation, it can
be cast without damaging the moulds and without volume restriction. It is dimension-
ally stable thanks to its low exothermic reaction and presents a very reduced expan-
sion (Imm/meter linear). This resin is non-toxic and easy to clean. The drying time of
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the resin, once mixed both parts is about twenty minutes so it was possible to make
eight copies of each letter in two educational sessions of two hours each.

Fig. 5. Work process and result with acrylic resin to create 3D replicas of the designed fonts.

3 Results

Regarding the pieces created in the 3D typography workshop, we can see that each
student has been able to generate in two sessions the four letters that made up the
word “Chos”. In total, 32 pieces have been produced. If these pieces had been printed
in 3D, a total of 25 hours and 20 minutes would have been needed to carry out the
activity and the students would not be able to participate in the manufacture process.
However, it took 9 hours and 25 minutes to print the four molds using Filaflex plus
four hours of class to create the copies using the resin.

The changes made to the low-cost 3D printer to enable printing with flexible fila-
ment (Filaflex) were as follows:

e Print in 3D with PLA filament the piece of special extrusion for the printer legio3D
of the brand Leon3D that allows to work with flexible filament. This part is availa-
ble at https://www.leon-3d.es/actualizaciones-legio/.

e Adjust the pressure thread. To begin with, the pressure thread must be left com-
pletely free and the filament must be inserted manually until it begins to extrude,
then the thread is adjusted until a minimum pressure is felt on the filament.

o Adjust the height of the extruder in relation to the printing platform. A distance of
approximately 3 sheets of 80gr. should be left as thickness between the printing
platform and the extruder.

For the correct printing of the molds, in order to obtain a homogeneous surface
without holes, flexible enough to demould the pieces easily and which adjusts the
material consumption and the investment time, the following parameters must be
taken into account:

Perimeter: Upper thickness: 1mm. Lower thickness 0.8 mm

Infill: Filler density: 30% Required filling steps: 5

Printing temperature: 245 °C (as recommended by the manufacturer)

Printing speed: 25 mm/s

Infill speed: 25 mm/s

Travel speed: 130 mm/s

Mold shape: Cut out the silhouette around the letter, leaving the walls of 3-10 mil-
limetres.
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From the satisfaction questionnaire that has been given to the students, the results
shown in the following table have been obtained.

Table 2. Results of the satisfaction questionnaire

Question Mean about 5
1 |Digital manufacturing is useful for 3D typography 4,6
2 [Flexible moulds are a good tool for experimental typeface design 3,8
3 [t is easy to switch from 2D model in Illustrator to 3D using the online program Litho- 4
hane
4 |Before this activity I did not know these technologies 2,8
5 [l think it is an interesting activity within the subject of typography 4
6 [l found the workshop amusing 4.4
7 [[ was already familiar with filaflex (flexible material) for digital printing of moulds or 3
flexible parts
8 My level of satisfaction with the activity is high 4,6

4 Conclusion

As conclusions of the first phase of adaptation of low-cost 3D printers for the use
of flexible material Filaflex we can highlight that:

It is possible to design and print flexible molds using low-cost 3D printers, which
are common in school environments. Many of the manufacturers themselves provide
users with the parts (in STL format) needed to adapt the machine to print flexible
filaments. Therefore, with the results of our work, it is possible to consider the im-
plementation of printed molds in flexible material in the educational field.

By changing the infill speed and printing speed parameters, parts can be printed
correctly and without holes using filaflex. By changing the filling parameters to a
five-step progressive fill and minimizing mold walls to 3 - 10 millimeters, it improved
flexibility and ease of demoulding, being suitable for delicate parts such as typogra-
phies, as well as reducing printing time and material expense.

Although the 3D printing of flexible material such as Filaflex is more complex than
the usual material such as PLA, this research work details the adjustments needed to
use this material in low-cost printers. The values described in this work are for the
Legio3D printer, however, these settings should be compatible with most printers
available in educational environments.

As conclusions of the second phase of the educational implementation of flexible
molds for the creation of typographic pieces we can highlight that:

Regarding the activity developed in the subject, we can conclude that the introduc-
tion of flexible molds in the classroom is feasible. The students followed the usual
process of designing fonts in the classroom, but they were also able to transfer some
letters to a 3D mould using a simple and free program such as Litophane. Each stu-
dent was able to work with the molds and obtain several pieces, participating actively
in the manufacturing process. In this case it was successful to create flexible molds
and not directly the printed letters and thus obtain several pieces of the same model in
less time, without the need for specific classrooms and additional tools as well as
saving costs.
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On the other hand, carrying out the activity using traditional materials means great-
er expenditure on disposable and fungible material such as silicone, formwork, glasses
and mixing tools, as well as requiring a specific classroom. More time is also needed
to carry out the activity as it is more laborious to prepare the three-dimensional pieces,
create the mould and have the mould drying time (24-48 hours). Moreover, once the
process is finished, if you want to make changes it is necessary to start with all the
work from the beginning, when in a digital mold it is easy to make changes.

Regarding the satisfaction questionnaire, all the participants managed to carry out
the activity correctly with the proposed means, materials and times. The students saw
usefulness in the use of new technologies (4.6/5) and found it simple (4/5). They also
found the workshop interesting and enjoyable (4 and 4.4 / 5) and found that the molds
were a good tool for experimental typography (3.8/5). With a high degree of satisfac-
tion at the end (4.6/5). Prior to the activity, many of the participants were not very
familiar with these digital manufacturing technologies, some had heard of Filaflex but
had not used it (2,8 and 3 respectively out of 5).

By introducing the new digital manufacturing technologies into the classroom us-
ing flexible moulds, the student perceives more possibilities in the world of experi-
mental typography. In addition, it should be noted that many of the students, although
they were aware of the existence of low-cost technologies, had not considered the
possibility of implementing them in the study of experimental typography.
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