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Figure 1: Examples of GyFoam applications: (a) Bunny sculpture before and after heating; (b) Mattress and pillow; (c) Midsole;

(d) Kneepad; (e) Interactive lamp.
Abstract

We present GyFoam, a fabrication method integrating foam material
with lattice structure to enable controlled and uniform expansion,
which supports high-quality forming in appearance and customiz-
able stiffness in function, using standard 3D printers, filaments,
commercially available Thermo-Expandable Microspheres and sili-
cone. To achieve customizable stiffness, we propose two methods:
modifying material concentration and adjusting lattice structural
parameters. Additionally, we propose three shape control strategies
for creating complex shapes: bending, wavy edges, and internal
doming. Furthermore, a user-friendly design tool is established for
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users to construct lattice structures, preview basic deformation,
and generate mold models for printing. Finally, through a series of
applications, we validate GyFoam’s practical usage of fabricating
large objects, wearable products, enabling flexible interactions and
creating aesthetic designs.
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1 INTRODUCTION

With the development and widespread adoption of personal fabrica-
tion, human-computer interaction (HCI) research is increasingly fo-
cused on exploring soft materials [29, 46, 52, 60] and programmable
structures [21, 28, 54] to create safer and more adaptive physical in-
terfaces. To further facilitate the fabrication for complex shapes and
adjustable mechanical properties, researchers have explored a range
of mechanisms, including inflatable structures [37, 38, 61, 68], meta-
materials [20, 28, 51], and hybrid fabrication approaches [30, 61]. In
general, creating interactive objects with controllable shapes and
mechanical properties is increasingly becoming a prominent trend
in HCL

Foaming technologies enable the fabrication of lightweight, ex-
pandable materials that feature micro-porous structures and supe-
rior energy absorption performance [22, 66]. Among these tech-
niques, physical foaming with Thermo-Expandable Microspheres
(TEMs) has gained widespread attention because of its simple pro-
cess and cost-effectiveness.This approach allows composites con-
taining TEMs to undergo significant volumetric expansion upon
high-temperature activation while maintaining desirable elasticity.
These characteristics have attracted increasing research interest.
For example, Cai et al. [5] investigated the energy absorption ca-
pabilities of composites made from TEM and PDMS; Yang et al.
[69] utilized TEMs to construct microstructures for highly sensitive
flexible pressure sensors, targeting wearable devices and health
monitoring applications. Within HCI community, Kaimoto et al.
[23] combined TEMs with UV-curable elastic adhesives to produce
expandable solid objects. However, these studies primarily focused
on simple geometries, leaving significant opportunities for lever-
aging TEMs to fabricate complex three-dimensional shapes and
tunable mechanical stiffness.

While TEMs can achieve substantial volumetric expansion, fab-
ricating geometrically complex objects remains inherently chal-
lenging. First, their inherent thermal insulation properties [7] lead
to uneven heating within solid objects, particularly for larger vol-
umes, causing overheating of the outer layers while leaving the
inner regions insufficiently heated. This results in non-uniform and
incomplete expansion [23]. Second, expansion creates micro-porous
structures that provide additional flexibility, which intrinsically cou-
ples the material’s stiffness with its degree of expansion [5]. This
coupling makes it difficult to adjust stiffness independently. To
address these issues, we introduce lattice structures. Due to their
controllable porosity [18], lattice structures promote more uniform
heat distribution and volumetric expansion, while also enabling
independent control over the material’s stiffness properties [33].

Therefore, we present GyFoam, a fabrication method integrat-
ing foam material with lattice structure to enable controlled and
uniform expansion, which supports high-quality forming in ap-
pearance and customizable stiffness in function. GyFoam method
allows general users to use common FDM 3D printers, standard
filaments, commercially available TEM and silicone to easily fabri-
cate lightweight and lattice-structured objects with customizable
stiffness. To facilitate greater design personalization, we propose
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two stiffness tuning approaches—adjusting material concentration
and lattice structural parameters—and three deformation control
strategies—bending, wavy edges and internal doming. Addition-
ally, we provide a user-friendly design tool to help novices quickly
construct models, preview basic deformation effects, and generate
printable mold files according to their needs. Finally, we demon-
strate several practical application scenarios of GyFoam, including
large objects, wearable products and soft tangible interfaces.
This paper presents the following contributions:

o A fabrication method combining foam material with lattice
structure to achieve controlled and uniform expansion (up
to 20-fold in volume) which enables high-quality foaming-
driven shaping and customizable stiffness, using off-the-shelf
materials and common equipment.

e Strategies to control stiffness and shape deformations using
this new foaming method. Through experiments, we propose
a predictive model to estimate the stiffness of the foamed
material based on the concentration and lattice structural
parameters. Additionally, we introduce three strategies for
achieving controlled shape deformation.

o A tailored design tool to generate lattice-structured mold
models. We develop software to enable users to preview
lattice structures, visualize basic deformations, and generate
printable mold files for 3D printing.

e Example applications. We explore the potential of our new
foam materials in prototyping, personalized product fabrica-
tion and soft interfaces.
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Figure 2: Using GyFoam method to make uniformly expand-
able objects with customizable stiffness.

2 RELATED WORK

2.1 Personal Fabrication of Expandable Objects
with Controllable Shapes and Stiffness

The rapid advancement of personal fabrication technologies has pro-
vided users with a diverse range of tools and methods for rapid pro-
totyping [35, 55, 56] and fabricating interactive devices [10, 59, 70].
However, fabricating objects with independent control over both
shapes and mechanical properties remains a persistent challenge
in personal fabrication.

Prior work has explored deformation-driven shaping, where
forms emerge through material responses rather than direct fabri-
cation. 4D printing enables self-bending [39, 44, 58] and self-folding
behaviors [3]. Expansion-based shaping has also been introduced
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using inflation, heat, or structural release. For example, PneuFab
[61] combines 3D printing and blow molding for rapid shape for-
mation, while Printflatables [50] and Pneumatic Laser Origami [43]
support large-scale inflatable fabrication. Beyond shaping, tunable
stiffness has been studied through strategies like truss structures
[12, 53], metamaterials [20, 28, 51], and compliant mechanisms
[16, 17, 34].

Some expandable systems further integrate stiffness control into
the shaping process. Previous studies have explored methods for
controlling the physical properties of inflatable structures. For ex-
ample, PneuFab [61] controlled the stiffness by adjusting internal
air pressure, after blowing the PLA model. Similarly, SnapInflat-
ables [68] introduced a method for fabricating inflatable struc-
tures, allowing for tunable triggering forces and stiffness levels
through structural design. Meanwhile, 3D printing with flexible
materials like TPU has been used to create objects with customized
shapes and stiffness [2, 19]. However, this method is constrained by
printer size, and its stiffness tuning is typically limited to one direc-
tion—reducing stiffness relative to fully infilled structures through
structural design or in-situ foaming.

Compared to the existing fabrication methods, GyFoam offers
distinct advantages for fabricating expandable objects with high
structural integrity due to the monolithic construction, free from
structural discontinuities such as inflation ports or assembly seams.

2.2 Foam Materials as Tangible and Interactive
Mediums

Foam materials are considered highly promising for constructing
expandable objects. These materials achieve significant volumetric
expansion by forming numerous cavities within their structure,
resulting in advantageous properties such as lightweight, elastic-
ity, and functional adaptability. Currently, foamed materials are
commonly fabricated through mechanical foaming, chemical foam-
ing, and physical foaming [22]. Researchers have explored the use
of commercially available foamed materials to fabricate furniture-
sized prototypes [27] and flexible sensors [40, 62]. Lazaro Vasquez
et al. [31] explored the fabrication and application of bio-based
foam materials, offering new aesthetic and functional possibilities
for HCI.

Recently, foaming methods based on TEM have attracted re-
searchers’ attention due to their ease of fabrication and control-
lability. Researchers have combined TEMs with other substrate
materials to enhance mechanical properties and achieve high en-
ergy absorption efficiency [5]. These efforts have also extended
to applications such as constructing sensors [6, 7] and enabling
detection for wearable devices [69]. Additionally, Liu et al. [36]
proposed a 4D printing technique for foam materials with bilayer
structures that transform from planar to three-dimensional shapes
upon heating. In HCI, preliminary explorations have also been
conducted. For example, ExpandFab [23] introduced a fabrication
approach that combined TEMs with UV-curing elastic adhesive to
produce expandable objects, demonstrating samples up to approxi-
mately 15 cm. While this approach effectively achieves significant
expansion, some of the fully solid-filled structures presented in
their work exhibited unevenness after expansion, due to the ex-
panding TEMs which reduced the thermal conductivity. Moreover,
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the foaming-induced expansion directly determines the material’s
rigidity, which limits its customizability and tunability.

In our work, we further explore TEM as a physical foaming
method, and integrate them with lattice structures to achieve con-
trolled and uniform expansion. GyFoam enables high-quality, foaming-
driven shape formation and tunable stiffness with improved consis-
tency and design reliability.

2.3 Lattice Structures for Enhanced Interaction

Lattice structures are three-dimensional porous architectures com-
posed of periodically arranged unit cells. Their lightweight nature,
high specific surface area, and tunable mechanical properties have
garnered significant attention in materials science and structural
design [18, 33].

In recent years, HCI researchers have increasingly recognized the
potential of lattice structures in personal fabrication and interaction
design. Several studies have employed 3D printing technologies,
such as FDM and SLA, to fabricate lattice structures with diverse
physical properties and flexible deformation capabilities. These ef-
forts have explored applications in sensing [32, 48], haptic feedback
[49] and interactive interfaces [21, 47].

In GyFoam, we combine lattice structure with foam material to
address the issue of uneven expansion. Moreover, lattice structures
introduce new tunable factors, offering greater potential for me-
chanical performance modulation and unlocking broader design
possibilities in both functionality and aesthetics.

2.4 Combining Foam Materials and Lattice
Structures

Both researchers and commercial companies have recognized the
tremendous potential of combining foam materials with lattice
structures. For example, some studies [13, 63] have applied car-
bon dioxide physical foaming to 3D-printed lattice structures made
from PLA and TPU, successfully fabricating lightweight structures
with enhanced energy absorption efficiency. Moreover, Desktop
Metal has introduced a foaming resin that can be printed through
DLP technology and then expanded through heating. They demon-
strated the application of this material by creating lattice-structured
automotive cushions [9].

However, these existing approaches often rely on expensive
industrial equipment or complex laboratory environments, such as
high-pressure vessels, or require specialized printing machines and
materials [11, 65]. Furthermore, current methods lack user-friendly
design tools and standardized fabrication workflows suitable for
general users, limiting the widespread adoption within HCI and
maker communities.

To overcome these challenges and fabricate foamed materials
with lattice structure, we propose an accessible, user-friendly fabri-
cation method that leverages conventional FDM 3D printers and
commercially available raw materials. Additionally, we provide a
design tool that enables users to create customized structures and
generate printable models.
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3 GYFOAM METHOD

We will present the GyFoam method from three aspects: foam
material, lattice structure (Gyroid), and fabrication workflow (basic
and optional steps).

3.1 Foam Material

In this study, we developed a new composite foam material com-
posed of TEMs and silicone.

TEM Powder. The foam material (EMH204, SEKISUI CHEMI-
CAL Co., Ltd.)! consists of TEMs, with thermoplastic polymer shells
encasing low-boiling-point liquid hydrocarbons. According to the
manufacturer’s specifications, expansion is triggered between 110
to 130°C, with maximum expansion occurring at 160 to 180°C. When
heated, the polymer shell softens, and the internal hydrocarbons
vaporize, causing the microspheres to expand to 3—4 times their
original diameter of 15-40 micrometers.

Base Material. Silicone is widely used for fabricating 3D struc-
tures in personal fabrication. Among various types, the Ecoflex
series from Smooth-On is particularly popular due to its excellent
biocompatibility, elasticity, and stretchability [52, 60]. Taking ad-
vantage of its fluidity and moldability, we use Ecoflex 0030 silicone
as the base material in our composite to form the initial structures.

The preparation of the TEM-silicone composite will be described
in detail in Section 3.3. Notably, incorporating TEMs increases the
viscosity of the composite. Moreover, excessively high concentra-
tion of the composite contains insufficient silicone, resulting in
failed curing. Therefore, we recommend keeping the composite
concentration below 40% during fabrication. If the concentration
becomes too high, one solution is to add an appropriate amount of
silicone oil to improve the fluidity of the composite.

3.2 Gyroid Structure

Although TEMs can achieve substantial expansion, the foaming
process often becomes uneven (Fig. 3a) when exposed to heat (Fig.
3a), especially at higher TEM concentrations or in larger parts. If the
heating continues until uniform, it may lead to excessive heating
of the outer surface. To address this issue, we integrated Gyroid
structures with foaming materials, leading to uniform expansion
(Fig. 3a) and lightweight structures (Fig. 3b).

Among various lattice structures, Gyroid is a non-intersecting,
continuous surface known for its high energy absorption efficiency
and large specific surface area [18]. Its well-defined mathematical
properties and high degree of parametric controllability make it
especially suitable for additive manufacturing. Our research fo-
cuses on Gyroid structure and explores a fabrication method that
combines foam materials with Gyroid structure.

In GyFoam, the adjustable Gyroid structural parameters include
cell size and wall thickness of the Gyroid unit cells (Fig. 4). Due
to the precision limitations of 3D printing, there is a constraint
relationship between cell size and wall thickness when producing
molds (Section 4.3). To avoid printing failures resulting from ex-
cessively thin cross-sections, we recommend ensuring that these

'We confirmed that similar expansion effects can be achieved with TEM of other
brands, such as 120DU15 (Polychem) and 031DU40 (Expancel).
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parameters satisfy a specified Inequality (1). Additionally, our ex-
periments suggest that the wall thickness should exceed 1 mm to
achieve complete mold filling.

cellsize — 2 X thickness > 2 (1)

Figure 3: Advantages of the Gyroid Structure: (a) Uniform
expansion using GyFoam method; (b) Fabrication of light-
weight objects.
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Figure 4: Gyroid structural parameters: cell size and wall
thickness.

3.3 Basic Fabrication Workflow

Here, we introduce a basic fabrication workflow (Fig. 5) for Gyroid
structures built upon the conventional casting process.

3D printing molds. 3D printing has become a versatile tool
for personal fabrication. We use desktop 3D printers (Bambu) with
commercially available filaments like PVA (Bambu PVA) and PLA
(Bambu PLA) to create molds. The PVA filament, serving as a sacri-
ficial mold material [8, 26], is ideal for fabricating Gyroid structures
which cannot be demolded by conventional methods. Users can
select either PVA or PLA for mold production based on their de-
molding needs. When printing with PVA, we recommend a slower
printing speed to avoid stringing and adhesion failures that may
cause printing defects. Additionally, setting the wall thickness to at
least three layers during slicing helps prevent fluid leakage during
composite casting.

Casting TEM-silicone composite. Similar to conventional
silicone preparation, we mix silicone components A and B with a
predetermined amount of TEM, then stir the mixture thoroughly.
Once well-mixed, the TEM-silicone composite should be vacuumed
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Figure 5: Fabrication Workflow of GyFoam

to eliminate air bubbles. The composite is then poured into the mold
cavity and vacuumed again to ensure complete filling and eliminate
any residual air bubbles. If the mold is relatively large or has a
complex geometry, multiple rounds of casting are recommended to
ensure complete coverage. Furthermore, if a specific concentration
distribution is desired, we recommend using the "Segmentation
Casting" method described in Section 3.5.

After casting, we perform surface post-processing to reduce
silicone residue adhering to the mold surface. The filled mold is
placed on a level surface to cure. Slightly increasing the temperature
(below 70°C) is recommended to accelerate the curing process. Once
the silicone has cured, surface treatment of the mold is necessary
to remove any residual composite that may have adhered to the
surface, facilitating subsequent steps.

Water dissolution. After completing the casting process, we
recommend using a water bath maintained at 60°C, with either con-
tinuous agitation or ultrasonic vibration (e.g., an ultrasonic cleaner),
to effectively accelerate the dissolution of PVA. Additionally, it is
advisable to periodically replace the liquid in the container to pre-
vent the concentration of dissolved PVA from becoming too high,
which may slow down the dissolution process.

Thermally triggering. Once the mold has fully dissolved, we
retrieve the stable TEM-silicone composite, followed by thorough
cleaning and drying. The foaming process is then triggered by heat-
ing tools such as ovens, thermostatic drying chambers, or heat

guns, with a recommended heating temperature of 150°C. Since the
expansion occurs so rapidly, we suggest users monitor the process
to appreciate the dynamic transformation. During heating, it is ad-
visable to use tools like tweezers to reposition or flip the composite,
ensuring uniform heating. Additionally, controlling the heating
duration is essential to prevent overheating (Fig. 10b), which could
compromise both the aesthetic quality and functional performance
of the composite.

3.4 Optional Fabrication Method: Modular
Assembly Molds

We propose a modular fabrication method for producing either
large or multi-layered objects, where both cases involve assembling
multiple molds to construct the final form. We observe that when
moistened, the surface of a PVA mold transitions into a viscous,
adhesive gel state, allowing it to bond with other PVA or PLA molds
and even cured silicone surfaces. By applying a thin layer of water
and pressing the molds together, users can easily assemble them
with good adhesion (Fig. 6). It is important to keep contact surfaces
clean and smooth to promote effective adhesion of the PVA. This
method allows for the creation of large, seamless objects without the
need for mechanical joints, resulting in higher structural strength
and stability.
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Following assembly, we proceed with the subsequent "Casting
TEMs-silicone composite” process. The "Casting TEM-silicone Com-
posite" and "Fabrication of modular molds" steps form a fabrication
loop (Fig. 5), continuing until all molds are properly bonded together
and completely filled.

Figure 6: Assembly mold for mattress fabrication: (a) Design
molds through our design tool; (b) Using a brush to moisten
the mold surfaces along the seams and assembling the mod-
ular molds; (c) Waiting for the PVA molds to cure.

3.5 Optional Fabrication Method: Segmentation
Casting

For users aiming to achieve a controlled concentration distribution
along a planar surface, we recommend using the segmentation
casting method. Users can employ 3D-printed barriers to separate
regions with varying concentrations (Fig. 7). During fabrication,
these barriers are placed on the mold surface, allowing different
concentrations of the composite to be poured into designated areas.
To prevent unintended mixing or spreading, it is recommended to
pour from higher to lower concentrations, as higher-concentration
composites have lower fluidity and require more time to fill the
mold.

a

10% composite  Pure silicone

Figure 7: Segmentation casting: (a) Preparation of materi-
als with varying concentrations. (b,c) Sequential casting of
materials into designated regions, starting from high concen-
tration to low concentration. (d) Customizable concentration
distribution.

4 FOAMING MECHANISM OF GYFOAM

We further explore the foaming mechanism of the TEM-silicone
composite from a microscopic perspective. We also demonstrate
that it can achieve uniform expansion through the Gyroid struc-
ture. Moreover, through a series of experiments, we quantitatively
evaluate its expansion capacity.

Guanyun Wang et al.

4.1 Microscopic Characterization of Foaming

In GyFoam, TEMs and silicone form a composite system. Therefore,
it is necessary to investigate the foaming mechanism within this
composite system.

Materials science research [6, 36] has revealed the expansion
behavior of TEMs in substrate materials. After heating, the micro-
spheres undergo significant volumetric expansion, occupying the
space originally filled by the substrate. Building on prior work, we
further examined the interfacial bonding between composites of
different concentrations using scanning electron microscopy (SEM,
SU-70, Hitachi, Japan; 150 kV).

From a microscopic perspective, TEMs are uniformly distributed
throughout the silicone, with no obvious signs of local agglomera-
tion. SEM images (Fig. 8) also reveal no noticeable gaps or cracks
at these bonding interfaces, indicating that the bonding between
composites of different concentrations is stable and robust, effec-
tively preserving the overall structural integrity of the composite
material.

pure silicone

Before Expansion

Figure 8: SEM images of 5% TEM-silicone composite bonded
with pure silicone, shown (a) before and (b) after foaming.

4.2 Uniform Expansion via Gyroid Structure

To assess the effectiveness of the Gyroid structure in enhancing the
uniformity of heating and expansion in TEM-silicone composites,
we further conducted a comparative experiment. Building on our
initial validation using simple cubic models (Fig. 3a), we extended
the study to a more complex and larger 3D geometry—the Stanford
Bunny. Three versions of the bunny model (Fig. 9a) were fabricated:
a solid structure, a Gyroid-structured version (both filled with 20%
TEM-silicone composite), and a pure silicone version, serving as a
control.

First, we observed that the solid structure exhibited highly un-
even expansion, which compromised shape controllability. A solid
bunny-shaped sample was placed in a 150°C oven (Fig. 9b). The
outer surface expanded rapidly, resulting in severely irregular de-
formation. After several minutes of heating, the sample had lost
its recognizable contour and appeared heavily distorted. At this
point, the embedded temperature sensor indicated that the inter-
nal temperature had only reached 63 °C. Continued heating led
to noticeable charring on the surface, while the interior remained
under-expanded and partially collapsed.

In contrast, the lattice-structured bunny demonstrated uniform
appearance after expansion. To further assess the internal expan-
sion uniformity, we performed 3D scanning using the Einscan Pro
2X (Shining 3D, Hangzhou, China), and reconstructed the geometry.
Due to the porous nature of the lattice, a complete scan was not



GyFoam: Fabricating Lattice Foam with Customizable Stiffness through Uniform Expansion

feasible. We therefore cut the sample into two parts (Fig. 9 c1) and
scanned the exposed cross section. We extracted approximately
corresponding cross-sections from the digital model (Fig. 9 c2) and
computed the Euclidean distance between the 3D-scanned and dig-
ital models as an error metric. Based on these measurements, an
error map (Fig. 9 c3) was generated. The results indicate that the
3D-scanned model aligns closely with the digital model across the
cross-sections, demonstrating good uniformity of expansion on
both the inner and outer surfaces. Notably, the regions with the
largest errors are attributed to significant resistance between the
cutting blade and the model, which caused excessive compression
and subsequent deformation during the cutting process.

The experiments demonstrate that the Gyroid structure promotes
more uniform expansion of this foam material, thereby improving
the controllability of the foaming process and laying the ground-
work for shape control and mechanical property tuning.

a b
Solid Gyroid
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Figure 9: Validation of uniform expansion: (a) Sample models;
(b) Heating solid bunny with internal temperature monitor-
ing; (c) Comparison of cross-sections from the 3D-scanned
physical model and the digital model, used for error analysis
and evaluation of expansion uniformity. Scale bar: 50 mm.

4.3 Controllable Volumetric Expansion

Heating and foaming. The SEM images clearly reveal that the
macroscopic expansion of the composite is primarily driven by the
thermal expansion of TEMs. To further understand the process,
we examined the effect of heating duration (at a constant temper-
ature of 150°C) on the final expansion. The concentration of all
samples was 30%. The experimental results (Fig. 10a) indicate that
the composite undergoes three distinct stages during heating: "un-
even heating, full expansion, overheating." Accordingly, the samples
exhibit three phases of deformation: "non-uniform expansion, uni-
form expansion, shrinkage" Additionally, the color of the samples
gradually darkens as the heating time increases. These phenom-
ena occurring during heating are due to the thermal expansion
of TEM (Fig. 10b). Once the accumulated thermal energy in the
microspheres exceeds their threshold, they rupture, resulting in
both volume reduction and color darkening. This insight allows
us to optimize heating methods and durations during fabrication,
ensuring the creation of objects that are both aesthetically pleasing
and functionally effective.
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Figure 10: (a) Foaming behavior of the 30% concentration
composite under different heating conditions. (b) Basic prin-
ciple of TEM’s thermal expansion.
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Figure 11: (a) Samples with different concentrations before
and after foaming; (b) Experimental results and curve fitting,.
(c) Isotropic expansion of a rectangular sample.

Volumetric expansion ratio. The most basic characteristic of
GyFoam is its volumetric expansion ratio (K), defined as K = (V1 -
V0) / V0, where V1 is the volume after expansion and V0 is the initial
volume. The concentration of the composite directly influences the
expansion ratio. To explore this relationship, we conducted experi-
ments on cubical composite samples with identical dimensions and
same Gyroid structural parameters but different concentrations. All
samples were heated to achieve full expansion (Fig. 11a). Then we
estimated the volume of the samples by measuring their buoyancy
using Archimedes’ principle. Figure 11b and Equation 2 show a
positive correlation between the expansion ratio of the composite
and concentration of TEM. The experimental data were fitted to a
linear function (Fig. 11b), yielding a coefficient of determination
(R?) 0f 0.997, indicating a strong correlation. Finally, the accuracy of
the model was verified using a sample with an 22% concentration,
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resulting in an error of 3.9%. These results confirm the predictive
capability of the fitted equation, helping us in the refinement of
software parameters to more accurately reflect physical variables.

K = 0.468 X Concentration + 1 2)

Isotropic expansion. To further understand the foaming be-
havior of GyFoam, we fabricated a rectangular sample with initial
dimensions of 60 x 20 x 10 mm and a concentration of 12%. Af-
ter thermal expansion, the sample exhibited volumetric expansion,
with a three-axis expansion ratio of 1.73, 1.79, and 1.72 (Fig. 11c).
These results demonstrate that GyFoam enables not only substantial
volumetric expansion but also isotropic expansion behavior.

5 CUSTOMIZABLE STIFFNESS OF GYFOAM

The expansion of TEM results in significant changes in the mechan-
ical properties of the composite material of GyFoam. Stiffness, as
a fundamental determinant of haptic feedback, significantly influ-
ences how users perceive and interact with physical interfaces in
HCI. Therefore, we investigate how the stiffness of the foamed com-
posite can be tailored by two tuning variables: the concentration
and Gyroid structural parameters (cell size and wall thickness).

We used a universal testing machine (UTM, Instron-5943, Instron,
USA) to conduct all tensile and compression tests (Fig. 12a).

5.1 Tuning Variable: Concentration of
TEM-silicone Composite

We chose Young’s modulus to characterize the effect of composite
concentration on the material after foaming.

Following the ISO 37:2005 standard, we prepared dumbbell-
shaped samples with a concentration gradient of 3%, producing
three samples for each concentration. We conducted tensile tests to
measure the Young’s modulus. To ensure data reliability, we took
multiple measurements for each sample group to minimize ran-
dom and systematic errors. Additionally, we observed that as the
concentration increased, the samples exhibited more pronounced
plastic deformation and became less capable of returning to their
original shape after stretching.

The stress-strain curves for samples of different concentrations
are shown (Fig. 12b, left), illustrating their tensile performance and
corresponding force feedback. Notably, the curve for samples with
an 18% concentration exhibits a sudden change due to fracture
during the tensile test.

After processing the experimental data, we obtained the quan-
titative relationship between concentration and Young’s modulus
(Fig. 12b, right). The results show a positive correlation between
the concentration of TEM and Young’s modulus, meaning that the
material becomes stiffer and more resistant to tensile forces as con-
centration increases. Further data fitting, as shown in Equation 3,
yielded a coefficient of determination (R?) of 0.990, indicating a high
level of fit. This establishes a clear relationship between the Young’s
modulus and concentration for this new composite material.

Ego1ig = 1.030 X 107 x Concentration +9.428 x 10*  (3)
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5.2 Tuning Variable: Structural Parameters of
Gyroid Lattice

In the fields of mechanical engineering and materials science, lattice
structural parameters can have a profound impact on physical
properties [24]. Therefore, we investigated the impact of Gyroid
structural parameters on the stiffness of foamed composites.

We conducted experiments by varying two key parameters: cell
size and wall thickness (Fig. 4). For all samples, the concentration
of the TEM-silicone composite was kept at 12%. The details of the
two experimental sets are as follows.

o The first set of experiments examined the effect of cell size
on stiffness. The wall thickness was fixed at 2 mm, with cell
sizes set to 4 mm, 6 mm, 8 mm, 10 mm, and 12 mm.

o The second set of experiments investigated the effect of wall
thickness on stiffness. The cell size was fixed at 10 mm, while
the thickness varied across 2 mm, 3 mm, 4 mm, and 5 mm.

o Notably, due to the conflict between size and thickness, the
samples with a wall thickness of 5 mm and a cell size of 4
mm resulted in a fully filled solid cube rather than a Gyroid
structure.

After foaming, we performed compression tests on the samples.
The results of these two experiments are illustrated in Figure 12c, re-
vealing how Gyroid structural parameters influence overall stiffness.
Specifically, cell size is negatively correlated with stiffness, while
wall thickness is positively correlated with stiffness. By adjusting
Gyroid structural parameters, we can effectively tailor the stiffness
of the TEM-silicone composite after foaming. We now introduce
additional variables, allowing stiffness tuning to be independent
of the composite’s volumetric expansion which is determined by
material concentration.

5.3 Stiffness Model Fitting and Evaluation

To better meet users’ customization needs, and based on prior stud-
ies [24, 33], we developed a stiffness model derived from the above
experiments. This model? (Equation 4) provides an approximate
stiffness of the TEM-silicone composite after foaming, based on ma-
terial concentration and Gyroid structural parameters. To validate
the accuracy of the predictive model, we fabricated a sample set
with a concentration of 15%, a cell size of 12 mm, and a wall thick-
ness of 3.6 mm. The measured stiffness coeflicient of this sample
was 11.28 N/mm, while the predicted stiffness coefficient was 10.67
N/mm, with an error of 5.7%. This demonstrates that our predictive
model has a good rigidity prediction performance.

thickness {7

S« =2.52 X Egppia % ( xL 4)

cellsize

6 MORPHING STRUCTURES

When creating 3D shapes, additional material may be required
to print support structures for molds, resulting in material waste.
To enhance manufacturing efficiency and fully exploit GyFoam’s
potential, we drew inspiration from studies on shape-changing in-
terface [45] and programmable material [57], such as 4D printing

%In this equation, S, represents predicted stiffness (N/m), Esoiq represents Young’s
modulus (Pa) of material under selected concentration, L represents the length (m) of
the boundingbox of the sample.
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Figure 12: (a) Mechanical testing setup, including tensile and compression tests with corresponding samples; Experimental
results and data visualization of (b) tensile and (c) compression tests.

[3, 58]. In GyFoam, the strain mismatch between composites of
different concentrations after expansion generates internal stresses,
which in turn drive overall deformation. Additionally, materials
with different concentrations are tightly bonded (Section 4.1) to en-
sure effective force transfer. Building on this principle, we propose
three shape control strategies for GyFoam: (1) bilayer-induced bend-
ing, (2) concentric-induced wavy edges, and (3) concentric-induced
internal doming. A library of morphing structures is presented in
Figure 13 to show the shapes produced by these deformation control
strategies. Additionally, we conducted preliminary simulations to
explore the controllability and predictability of these deformations.

Bilayer-induced bending. This deformation strategy leverages
a bilayer structure composed of two foam layers with different
material concentrations. The mismatch in expansion between the
two layers generates an internal bending moment, resulting in pre-
dictable out-of-plane deformation. Our deformation library demon-
strates how varying the concentration of the active layer affects
the resulting bending curvature.

Concentric-induced wavy edges. We present a structure in
which the inner ring has a lower composite concentration, while
the outer ring has a higher concentration. During expansion, the
outer ring is constrained and stretched by the inner ring, resulting
in periodic wavy edges. By adjusting the composite concentrations
and geometric dimensions, we can achieve wavy edges with varying
amplitudes and wave counts.

Concentric-induced internal doming. In contrast to wavy
edges, internal doming is achieved by reversing the concentration

distribution. The inner region, with its higher expansion capability,
is constrained by the surrounding structure, preventing lateral ex-
pansion and instead forcing upward deformation into a dome shape.
Our library showcases various internal doming effects resulting
from different concentration gradients, illustrating a diverse range
of dome heights and shapes.

7 DESIGN TOOL

To accommodate users’ personalized and diverse needs, we have
developed design tools deployed across two software platforms. For
novice users, we established a tool based on Rhino and Grasshop-
per, with HumanUI serving as the user interface (Fig. 14a, b). This
tool enables users to model simple geometries and preview basic
deformation effects by adjusting geometric parameters. For more
advanced users and requirements, we developed a modeling assis-
tant based on nTop [42], which enables more complex structural
designs and facilitates optimized mold generation (Fig. 14c, d). All
the models presented in this study were created using the design
tool we developed.

Building on the design software platforms, we also developed on-
line documentation® to help users better understand the modeling
workflow. The documentation includes design templates and ref-
erence files intended to support and guide users in their modeling
process.

3https://gyfoam.github.io/
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Name Specification Structure set

Simulation

Deformations

Overall Size: 60*12*12mm, Cuboid
Superstratum Thickness: 6mm
Substratum Thickness: 6mm

Bending

Gyroid Structural Parameters:
Cell Size = 8*8*8mm
Wall Thickness = 2mm

pure silicone
without Gyroid

Height: 6mm, Plate
External Diameter: 60mm
Inner Diameter: 35mm

Wavy edges ,
Gyroid Structural Parameters:

Cell Size = 8*8*8mm

Wall Thickness =2mm

Height: 6mm, Plate
External Diameter: 60mm
Inner Diameter: 35mm

Gyroid Structural Parameters:
Cell Size = 8*8*8mm
Wall Thickness = 2mm

Internal doming

0-2% 0-6% 0-10%

0-2%-6%-10%

Figure 13: GyFoam Morphing Library: three morphing structures—bending, wavy edges, and internal doming.

7.1 User Interface of Rhino

Select or Import. Users can begin by choosing from our predefined
base models (Fig. 14a), which are closed polygon surfaces serving
as the bounding box for lattice structure. Experienced 3D modeling
users with specific designs can also freely import their own closed
polygonal objects, such as STL files.

Customize Gyroid Structure and Material Concentration. To design
suitable Gyroid structures and achieve desired deformation, users
can adjust the global parameters of Gyroid structure (Fig. 14a),
including cell size and wall thickness. According to the guidelines
we established in Section 3, these two parameters should satisfy
Inequality (1). Additionally, users can specify the concentration of
TEM-silicone composite.

Preview and Export. To facilitate a comprehensive understanding
of GyFoam before real fabrication, the design tool allows users to
preview the deformation based on the selected model (Fig. 14 b3).
If users modify structural parameters or material concentration,
they need to refresh the tool to visualize the updated deformation.
Finally, users can preview and export the mold model files (Fig. 14
b4), which can then be imported into 3D printing slicing software
for further processing.

7.2 Advanced Modeling of nTop

nTop is a specialized software designed for lattice structure mod-
eling. We have developed a suite of design assistance tools and
modeling templates. While its modeling logic and workflow are
similar to those of Rhino and Grasshopper, nTop offers significantly
faster computation and a more efficient lattice modeling process
when handling complex designs. Beyond conventional modeling
(Fig. 14 d1, d2), we utilized nTop to develop two advanced modeling
techniques: gradient Gyroid modeling (Fig. 14 d3) and eggshell-
structured mold modeling (Fig. 14 d4). Similarly, nTop can also
export mold model files for 3D printing. We have open-sourced the

corresponding modeling template files in the online documenta-
tion* to better assist users.

Gradient Gyroid modeling. Research in mechanical engineering
has shown that lattice structures with gradient variations exhibit
enhanced mechanical properties [25]. We implemented the design
and modeling of such gradient Gyroid structures in nTop and pro-
vided a sample file to help users better understand the process and
support their own modeling efforts.

Eggshell-structured mold modeling. We optimized the mold struc-
ture by drawing inspiration from the eggshell fabrication method
[4]. This approach significantly reduces PVA consumption by creat-
ing thin-walled molds instead of fully filled ones. Additionally, the
thin PVA layer produced by the eggshell method greatly increases
the contact area exposed to water during dissolution, substantially
accelerating the dissolution process. Users can refer to the provided
sample file to decide whether the eggshell method is suitable for
their mold fabrication needs. We recommend using this method
when the model is relatively large.

8 APPLICATION

To illustrate the potential of GyFoam for prototyping and tangible
interaction, we designed and produced several applications: large
products of personal fabrication, wearable products, and soft tan-
gible interfaces. All applications were developed using the design
tool we provided. We have also made the detailed modeling con-
figurations and model files open-source® to better support users in
their creation process.

8.1 large products of personal fabrication

8.1.1  Scaled-Up Bunny Sculpture. We fabricated relatively large
bunny sculptures that exceed the build volume of the desktop 3D

*https://gyfoam.github.io/pages/subpage/designtool html
Shttps://gyfoam.github.io/pages/subpage/application.html
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Figure 14: Design tool of GyFoam: (a) Grasshopper interface.
(b) Grasshopper Workflow: selecting the basic model, set-
ting structural parameters and previewing Gyroid structure,
visualizing deformation, and generating the mold model.
(c) nTop interface. (d) nTop examples: Gyroid cube, Gyroid
Bunny with uniform thickness, Gyroid Bunny with gradi-
ent thickness, and eggshell-structured mold of the Gyroid
Bunny.

printer (Bambu A1 mini) used to produce the initial PVA molds. Al-
though the molds were entirely printed within the printer’s limited
build area, the final sculpture expanded significantly after heating,
exceeding the build volume of the original printer. Our method
allows the fabrication of large, soft objects that are free from as-
sembly seams, which are often unavoidable when using traditional
3D printing approaches such as directly printing with flexible TPU
within limited build volumes. This demonstrates the potential of
our method for producing oversized aesthetic forms in domains
such as art, education, and exhibition design.

8.1.2  Gradient-stiffness Pillow. We developed a pillow with a built-
in gradient of softness and firmness. Using our design tool, we
implemented a gradual change in wall thickness within the lattice
structure (Fig. 16a), enabling the creation of a smooth stiffness
gradient across the pillow. Initially measuring 12 x 7 x 1.4 cm, the
pillow expands to 30 x 18 x 3.5 cm when heated (Fig. 16b). This
enables personalized comfort—users can rest on the firmer side for
enhanced neck support, or on the softer side for a more cushioned,
enveloping feel (Fig. 16c, d).
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Figure 15: GyFoam bunny: (a) Dissolving the PVA mold; (b)
Triggering expansion using a heat gun; (c) Fabricating a large
bunny sculpture that exceeds the build volume of the 3D
printer used for mold fabrication.

~ il
Gradient = )/ /
Figure 16: GyFoam pillow: (a) Constructing the pillow with a
wall thickness gradient using our design tool; (b) Expanding
to a single-person pillow; (c) Varying stiffness between the

two sides; (d) Allowing users to rest on the preferred side
based on desired firmness. Scale bar: 100 mm.

8.1.3 Customizable Single Mattress. Conventional mattresses typ-
ically use uniform materials and structures, making it difficult to
provide localized support. Moreover, producing customized mat-
tresses to meet personalized needs—whether through traditional
manufacturing or emerging 3D printing [1]—remains costly. To
demonstrate GyFoam’s scalability and customization capabilities,
we fabricated a twin-sized mattress that expands to approximately
0.8 m x 1.8 m after heating, using a mold assembled from six modu-
lar sections 6. With our design tool, users can customize the shape
and size of the mattress to suit individual preferences. Additionally,
by adjusting the lattice structure with design tool or modifying
material concentrations during fabrication, users can control the
local stiffness to accommodate specific comfort and support require-
ments.

8.2 'Wearable Products

8.2.1 Midsoles with Gyroid Structure. Leveraging GyFoam’s abil-
ity to customize stiffness and deformation, we fabricated lattice-
structured shoe midsoles. Sharing similarities with those presented
in previous work [11, 71], our approach extends this idea by demon-
strating that midsoles with diverse sizes, curvatures, and softness



UIST °25, September 28-October 01, 2025, Busan, Republic of Korea

al bt ¢

lover: | R @

S S Rl 24, 44

175tm

d1

Figure 17: GyFoam mattress: (a) Dissolving the mold in a large
container; (b) Heating with heat guns while wearing heat-
resistant gloves; (c) Expanded form after heating; (d) Serving
as a supportive and comfortable single mattress. Scale bar:
200 mm.
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Figure 18: GyFoam midsoles: (a) Midsole design details; (b)
Segmentation casting to control concentration distribution;
(c) Foaming process and programmable stiffness; (d) Midsoles
with different shape and size fabricated from the same mold;
(e) Wearing tests.

levels can be fabricated using a single set of molds. Specifically,
to achieve localized differences in stiffness, we designed region-
specific material concentrations based on plantar pressure distribu-
tion to match varying support needs. In fabrication, we adopted a
segmentation casting approach by dividing the mold into sections
and injecting foaming mixtures with different concentrations ac-
cordingly. From a shaping perspective, we employed a modular,
layered casting technique, where differences in concentration be-
tween layers induced curvature in the final structure. In preliminary
wear tests, users reported a high level of comfort, attributed to the
midsole’s effective shock absorption. We hope this method will em-
power makers to produce personalized footwear and inspire future
applications in areas such as foot care and orthopedic support.

Guanyun Wang et al.
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10% TEM-silicone
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Figure 19: GyFoam Kneepad: (a) Varying concentration across
layers; (b) Expanding and morphing to 3D shape; (c) A
kneepad with a soft inner surface for comfort and a stiffer
outer shell for impact resistance.

8.2.2 Tailored Cushioning Kneepad. We developed a kneepad that
transforms from a flat sheet into a three-dimensional shape con-
forming to the human knee (Fig. 19b). Designed for both comfort
and protection, the kneepad features a soft inner layer that rests
against the skin and a stiffer outer layer that absorbs external im-
pact (Fig. 19¢). To achieve this stiffness gradient, we varied the
material concentration across layers—lower on the inner side and
higher on the outer side (Fig. 19a). This concentration difference
also contributed to the curved shape of the final structure, as the
asymmetric expansion between layers induced bending during
heating. This flat-to-curved, dual-stiffness kneepad exemplifies Gy-
Foam’s advantages in personalized fabrication. At the same time,
its flat-to-curved transformation highlights the material’s potential
for reducing transportation volume and cost, making it valuable
for portable or field-deployable scenarios.

8.3 Soft Tangible Interfaces

8.3.1 Interactive Gyroid Lamp. In response to the increasing de-
mand for safe, comfortable, and expressive interactive materials,
we developed a flexible Gyroid-structured lampshade using TEM-
silicone composite with GyFoam method(Fig. 20). The structure
expanded uniformly during fabrication, resulting in a smooth, con-
tinuous surface that preserves the geometric beauty of the Gyroid
design. Users can switch light colors by tapping the surface and
adjust brightness through gentle squeezing (Fig. 20c)—interactions
made possible by the soft, deformable nature of the composite ma-
terial. The lattice design not only enables localized compliance for
interaction, but also diffuses light evenly to create a warm and
aesthetically pleasing visual effect.

8.3.2 Modular Gaming Keyboard. We developed a modular gaming
keyboard (Fig. 21) featuring four directional buttons and a central
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Figure 20: GyFoam lamp: (a,b) The design and application
scenario of the interactive lamp; (c) Hand-based interaction
for light color switching and brightness adjustment. Scale
bar: 50 mm.

hemispherical button. Each button module was independently fab-
ricated using different lattice parameters or deformation strategies.
The directional buttons vary in stiffness, achieved by adjusting wall
thickness and cell size, enabling nuanced control of actuation force.
The hemispherical button employs the internal doming strategy
and exhibits monostable behavior, maintaining a raised shape after
deformation. This structural design delivers a spring-like, respon-
sive interaction without the need for rigid internal components.
The swappable modules allow users to customize force feedback
based on gameplay preferences, demonstrating GyFoam’s potential
for creating physically reconfigurable input devices with tunable
mechanical responses.

Figure 21: GyFoam keyboard prototype with replaceable key
modules, allowing customization of stiffness and force feed-
back. Scale bar: 40 mm.

9 DISCUSSION, LIMITATION, AND FUTURE
WORK

9.1 Fabrication Trade-offs: Time and Material
Cost

The GyFoam fabrication process involves multiple steps—including
3D printing sacrificial molds, casting silicone composites, and dis-
solving the molds—which inevitably increase time and material
consumption to the workflow. Compared to fully integrated or
additive-only fabrication methods, this approach introduces a de-
gree of complexity and resource overhead. We recognize this as a
practical limitation of the current implementation.

However, this trade-off allows for capabilities that are challeng-
ing to achieve through simpler fabrication methods. In particular,
the combination of foam expansion and lattice structure enables
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controllable volumetric deformation and programmable stiffness
within a larger design space.

To reduce fabrication effort and cost, we have implemented sev-
eral optimizations. The "eggshell” mold strategy minimizes printing
time and PVA usage, while increased curing temperatures accelerate
both silicone solidification and mold dissolution. Material cost can
also be adjusted based on specific needs: while high-fidelity results
can be achieved using premium silicone and microspheres, similar
expansion behaviors are attainable with lower-cost alternatives,
albeit with potential variation in quantitative behavior.

In future work, we aim to explore direct 3D printing of silicone-
based composites as a means to simplify the fabrication process and
reduce material waste. Existing liquid-based printing techniques
[14, 64] offer promising avenues for fabricating soft and expandable
structures without the need for sacrificial molds. By adopting such
techniques, it may be possible to print the TEM-silicone composite
in a single integrated step, reducing cost and improving precision,
repeatability, and accessibility.

9.2 Error Analysis of GyFoam’s quantitative
relationships

Through experiments, we have established a quantitative relation-
ship between the expansion ratio and the concentration, and pro-
posed a stiffness prediction model. However, these relationships are
subject to certain variable limitations, such as the concentration be-
ing below 40%, and constraints between cell size and wall thickness.
Additionally, since these quantitative relationships are derived from
experimental data, they are subject to experimental errors, which
are influenced by the fabrication process. For example, residual air
bubbles in the mold and composite during production can signifi-
cantly affect stiffness. The precision of the mold and the accuracy
of the composite formulation also impact the final expansion rate
and stiffness, placing higher demands on the operator’s skill and
attention to detail.

Nevertheless, we believe that the empirical models we have pro-
posed are highly valuable for users in understanding the GyFoam
method and assisting in model creation. At the same time, we are
continuing to conduct more rigorous experiments to develop physi-
cal models that better reflect real-world conditions. We will update
this model in our online documentation.

9.3 Design Tool Evaluation and Improvements

Compared to other computational software with advanced reverse-
design capabilities [15, 41], GyFoam currently provides basic design
tools, enabling users to generate mold models and preview simple
deformation effects. It should be noted that the deformation pre-
views offered by our Grasshopper-based implementation are not
physics-based simulations, but rather geometric approximations
meant for intuitive exploration and learning purposes.

Due to the porous structure and limitations in scanning accu-
racy, we adopted a visual comparison between photographs of the
physical model and the simulation result (Fig. 22). The comparison
shows that, although certain geometric deviations appear in local
details—such as expansion areas and junctions with varying mate-
rial concentrations—the overall deformation trend and magnitude
align well with the simulation prediction.
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Figure 22: Evaluation of simulation of our design tool.

Meanwhile, in Figure 13, we employed ANSYS to conduct physics-
based simulations, which validated the effectiveness of FEA plat-
forms in predicting deformation outcomes. This experience high-
lights the potential of integrating such simulations into GyFoam in
future work. However, due to the highly complex and mesh-dense
nature of Gyroid structure, running full-scale finite element simula-
tions on these models presents significant computational challenges,
making real-time feedback [67] impractical with current resources.

9.4 Other Lattice Structures Fabricated by
GyFoam Method

GyFoam primarily focuses on the Gyroid lattice structure, but our
fabrication method is versatile enough to produce other lattice
types as well (Fig. 23). Different lattice structures exhibit distinct
mechanical properties and advantages, making them suitable for
various applications. In the future, we aim to expand our research
by exploring and integrating diverse lattice structures to design
more complex and customized architectures, tailored to meet a
broader range of mechanical performance requirements.

o .

Truncated Octahedron Fluorite Kelvin Cell
V\{ ,;_- [N (‘3“"_ . A P,
Body Centered Cubic Diamond Weaire-Phelan

Figure 23: Other six types of lattice structure fabricated via
GyFoam method.

9.5 Fatigue Behavior

To evaluate fatigue performance, we conducted 600-cycle com-
pression tests at 10% and 50% strain levels. Over repeated cycles,
we observed progressive collapsed height and increased stiffness,
which gradually stabilized. Additionally, samples subjected to lower
strain exhibited less fatigue. We attribute the height loss to plastic
deformation, which prevents full recovery and increases density,
resulting in higher stiffness. During fabrication, we also observed
a tension between stiffness and fatigue resistance: increasing ma-
terial concentration improves stiffness but reduces resistance to
long-term cyclic loading. Rather than prescribing a fixed solution,
we encourage users to explore different concentration settings based
on their specific needs.

Guanyun Wang et al.

Finding the right balance between stiffness and durability re-
mains an open and meaningful challenge—especially in interactive
scenarios. While our current approach offers tunable mechanical
properties through material concentration and structural design,
further exploration is needed to refine these parameters for differ-
ent usage contexts. Future work may also investigate multi-material
strategies to better accommodate the evolving demands of interac-
tive systems over time.
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a .
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M cycle 201-400
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Figure 24: (a) Force-displacement curves over 600 compres-
sion cycles at 10% strain; (b,c) Changes in height and stiffness
of samples during cyclic compression tests at 10% and 50%
strain.

9.6 Quality of Final Objects

The quality of the final product is influenced by the precision of
the mold and the fabrication process.

In our approach, some imperfections are unavoidable, such as
the surface texture resulting from 3D-printed molds. During the
curing process, the TEM-silicone composite precisely replicates the
mold’s surface patterns. To minimize this effect, we recommend
using finer printing settings, such as reduced layer height. This
improves mold resolution and enhances the overall quality of the
final product.

Meanwhile, some efforts in fabrication can significantly im-
prove product quality. In Section 4.3, we outline a detailed fab-
rication workflow with practical recommendations for achieving
high-quality results. By following these guidelines and maintaining
precision, users can quickly gain proficiency and reduce imperfec-
tions. However, we also view these "imperfections" as opportunities
for personalized expression and the creation of more diverse and
unexpected forms.

9.7 Safety Issue

Safety considerations are essential throughout the fabrication pro-
cess, particularly when handling silicone, TEM powder, and high-
temperature equipment. To minimize health risks, operators should
wear appropriate personal protective equipment, including masks
and gloves, to prevent direct contact with materials and avoid in-
haling airborne particles.

Additionally, the foaming process requires exposure to high
temperature. During this stage, operators should take precautions
to avoid burns or other injuries from direct contact with heated
objects, such as TEM-silicone composites or heating devices. It is
advisable to use tools like tweezers or heat-resistant gloves.

10 CONCLUSION

In this paper, we present GyFoam, a fabrication approach for fabri-
cating foam material that enables controlled and uniform expansion.



GyFoam: Fabricating Lattice Foam with Customizable Stiffness through Uniform Expansion

Leveraging standard 3D printers and commercially available ma-
terials—printing filaments, thermo-expandable microspheres, and
silicone—GyFoam enables the creation of expandable objects with
high-quality shapes and customizable stiffness. Our experiments
reveal two primary strategies for customizing stiffness: adjusting
material concentration and modifying lattice structural parameters.
To support diverse form factors, we propose three shape-control
strategies: bending, wavy edges, and internal doming. We also
present an intuitive design tool that allows users to configure lat-
tice parameters, preview basic deformations, and generate printable
mold models. Through a series of application scenarios, we demon-
strate GyFoam’s versatility in personal fabrication of large objects
and wearable products, interactive flexible interfaces, and aesthetic
designs. We aim to empower designers, makers, and researchers
with an accessible approach to fabricating soft objects with tailored
shapes and mechanical properties.
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